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5. SECTION: EXECUTIVE SUMMARY 2002-2006 

Contract n0  
 

EVK1-CT-2002-00109 Reporting period  
 

1st October 2002 to 30th 
September 2006 

Title Harmonised techniques and representative river basin data for assessment and 
use of uncertainty information in integrated water management (HarmoniRiB) 

Objectives: 
The overall goal of HarmoniRiB was to develop methodologies for quantifying uncertainty 
and its propagation from the raw data to concise management information. The four specific 
project objectives were: 
• To establish a practical methodology and a set of tools for assessing and describing 

uncertainty originating from data and models used in decision making processes for the 
production of integrated water management plans. It will include a methodology for 
integrating uncertainties on basic data and models and socio-economic uncertainties into a 
decision support concept applicable for implementation of the WFD. 

• To provide a conceptual model for data management that can handle uncertain data and 
implement it for a network of representative river basins.  

• To provide well documented datasets, suitable for studying the influence of uncertainty on 
management decisions for a network of representative river basins and to provide 
examples of their use in the development of integrated water management plans. The data 
will be publicly accessible and may be used by European scientists and end-users to 
assess the appropriateness of models and other tools. 

• To disseminate intermediate and final results among researchers and end-users across 
Europe and obtain and incorporate feedback on the methodologies, tools and the datasets. 

 

Scientific achievements: 
The key scientific achievements of HarmoniRiB are: 
• Uncertainty concepts and tools. 

 A taxonomy and a framework for characterising uncertainty in data. 
 The Data Uncertainty Engine (DUE) software tool suitable for assessment of 

uncertainty in data and its propagation through environmental models. 
 A framework for handling uncertainty in model structure. 
 Guidelines on how to assess uncertainty in various types of data. 
 Guidelines for incorporation of socio-economic uncertainties in the decision making 

process. 
 Report describing uncertainties in the economic analysis of the WFD. 

• Databases for accommodating uncertain data. 
 Design of a new database that can store a variety of data (time series, spatial data) from 

a variety of sources (different domains, different countries) and at the same time store 
information on data uncertainty. 

 Software and documentation required for building such database. 
• River basin network and data. 

 Datasets from eight river basins including the data uncertainty uploaded to the 
HarmoniRiB Data Centre. These data will be available free of charge for research 
purposes. 
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• Case studies. 

 Reports from eight case studies comprising test of concepts for HarmoniRiB 
methodologies and tools on cases focussing on different aspects of the WFD.  

The HarmoniRiB outputs have been documented through internal testing, reviews and 
scientific journal papers. 
 

Socio-economic relevance and policy implications: 
HarmoniRiB forms part of the CatchMod cluster of projects, supporting implementation of 
the EU Water Framework Directive. The main conclusions of policy relevance are: 
• Uncertainty is of crucial importance for water resources management. There is a need to 

better include uncertainty in policy analysis and practical water resources management. 
• Addressing uncertainty is a requirement of the WFD. This appears implicitly from the 

WFD legal text and explicitly from the various guidance documents prepared under the 
Common Implementation Strategy. 

• It has taken a long time to get models from research into practical use. Now the computer 
and modelling software infrastructure makes it relatively easy to use models, and many 
practitioners today use models and model results. Similarly we may expect that the 
development of user friendly uncertainty software tools, such as the Data Uncertainty 
Engine (DUE) developed under HarmoniRiB, will catalyse a more widespread use of 
uncertainty assessment. Although it is still relatively seldom for water managers to demand 
inclusion of uncertainty assessments in analyses of data and models, there has been a clear 
trend in this direction during the past few years. This trend is likely to accelerate the 
practical use of uncertainty during the coming years. 

• Although some operational uncertainty tools, such as those developed by HarmoniRiB, 
already exist, there is a need for more research on uncertainty in relation to water resources 
management. Major challenges in this respect include: (a) how to characterise and assess 
the effects of model structure uncertainty; (b) how to deal with scale effects and 
uncertainty in data from different sources; and (c) how to integrate aspects of social 
science and natural science into a broader and more holistic view of uncertainty for use in 
water resources management. 

• The current databases have serious limitations in relation to the WFD. Most importantly, 
they are not able to store information on data uncertainty. Furthermore, almost all 
databases hold national data from a single domain only, implying that differences in 
terminologies and measurement techniques constrain the practical use of data if they are 
assembled in one integrated database.  

• Many European RTD projects have collected river basin data and established databases 
within their respective projects. However, in almost all cases data are not used beyond the 
project that collected them. This lack of reuse represents a major waste of resources. 
Therefore there is a need for a European Data Centre for hosting data from research 
projects for free use for future research projects. HarmoniRiB has successfully developed a 
first version of such a data center, and EEA has by letter of 9th November expressed an 
interest in taking over this function and hosting the HarmoniRiB data.. 

 

Conclusions: 
HarmoniRiB has achieved its main objectives. 
 

Keywords: 
Data uncertainty guidelines, representative river basin network, uncertainty in data, 
uncertainty propagation through models, socio-economic aspects, database design. 
 

Refsgaard, Nilsson and Bache  Page 5:2 Detailed HarmoniRiB Report 2002-2006 



HarmoniRiB                                                           November 2006 Final Report 

______________________________________________________________________________________________ 

 

                                                

6. SECTION: DETAILED HARMONIRIB REPORT 2002-2006 

6.1 Background  
It is generally recognised among researchers that uncertainty assessments are important when data 
or model results are used to support water resources management decisions (Van Asselt and 
Rotmans, 2002; Jakeman and Letcher, 2003; Refsgaard and Henriksen, 2004; Babendreier and 
Castleton, 2005; Pappenberger and Beven, 2006; Beven, 2006). 
 
The Water Framework Directive (WFD) provides a European environmental policy basis at the 
river basin scale. The river basin management and planning process prescribed in the WFD focuses 
on integrated management, involving all physical domains in water management, all sectors of 
water use, socio-economics and stakeholder participation. The planning process should move from 
a more rational-instrumental type of planning to an interactive planning with an open eye for the 
power of fundamental debate. The uncertainties present in such planning processes are judged of an 
increasing importance (EC, 2004a). An iterative planning process can deal with these uncertainties, 
for instance by revising the programmes of measures according to the circumstances (EC, 2004b). 
As such, the WFD poses new challenges to river basin managers. The traditional physical domain 
specific and sectoral approaches need to be combined and extended to fulfil the WFD requirements. 
In practise, the preparation of the river basin management plans prescribed in the WFD is in 
addition to these new challenges, influenced by uncertainties on the underlying data and modelling 
results. 
 
A basic principle in EU environmental policy on which the WFD is based is ".. to contribute to the 
pursuit of the objectives of preserving, protecting and improving the quality of the environment in 
prudent and rational use of natural resources, and to be based on the precautionary principle ..1". 
Therefore, the holistic concept that is prescribed in the WFD with its integrated approach to natural 
resources and socio-economic issues requires that uncertainty be considered in the decision making 
process in order for it to become truly rational. 
 
Uncertainty is addressed in several sections of the WFD document, (Blind and de Blois, 2003). For 
example, the WFD states with respect to monitoring that “Estimates of the level of confidence and 
precision of the results provided by the monitoring programmes shall be given ..”. In addition, most 
of the WFD guidance documents, being more specific than the WFD document itself, explicitly 
emphasise that uncertainty analyses should be performed. For instance, the guidance document on 
the planning process (EC, 2004a) states: “Uncertainty can be defined as the occurrence of events 
that are beyond our control. Uncertainty is always an element in the planning process. It arises due 
to the complexity of the many factors involved. In fact, meteorological, demographic, social, 
technical, and political conditions which will determine the planning process have behaviour 
patterns not always known with sufficient accuracy. Uncertainty arises mainly due to the stochastic 
nature of some key elements affecting these processes.” Similarly, the WATECO document on 
economic analysis states that “Uncertainty on costs, effectiveness and time-lagged effects of 

 
1 Directive 2000/60/EC, paragraph 11 in the introductory section. 
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measures needs to be dealt with throughout the economic analysis process, and more generally 
throughout the process of identifying measures and developing the river basin management plan”. 
However, despite strong recommendations to consider uncertainty aspects, the guidance documents 
do not include recommendations on how to do so. 
 
Therefore, there is a clear and urgent need for developing new methodologies and tools that can be 
used to assist in implementing the WFD. In order to support such research and development, it is 
necessary to have a network of representative river basins with datasets suitable for this purpose. 
This implies that the datasets, in addition to covering the diversity in terms of ecological regimes 
and socio-economic conditions found across Europe, must have built-in information on the 
uncertainties in the data. 
 
 

6.2 Scientific/technological and socio-economic objectives 
The overall goal of HarmoniRiB was to develop methodologies for quantifying uncertainty and its 
propagation from the raw data to concise management information. The four specific project 
objectives were: 
• To establish a practical methodology and a set of tools for assessing and describing uncertainty 

originating from data and models used in decision making processes for the production of 
integrated water management plans. It will include a methodology for integrating uncertainties 
on basic data and models and socio-economic uncertainties into a decision support concept 
applicable for implementation of the WFD. 

• To provide a conceptual model for data management that can handle uncertain data and 
implement it for a network of representative river basins.  

• To provide well documented datasets, suitable for studying the influence of uncertainty on 
management decisions for a network of representative river basins and to provide examples of 
their use in the development of integrated water management plans. The data will be publicly 
accessible and may be used by European scientists and end-users to assess the appropriateness 
of models and other tools. 

• To disseminate intermediate and final results among researchers and end-users across Europe 
and obtain and incorporate feedback on the methodologies, tools and the datasets. 

 
 

6.3 Applied methodology, scientific achievement and main deliverables 
An overview of all HarmoniRiB deliverables are provided in Appendix A to this report and all the 
details are given on the enclosed CD-ROM. An overview of the deliverables is provided in 
Refsgaard et al. (2005c) 

6.3.1 Main deliverables 
The main deliverables of HarmoniRiB in the four main topic areas covered by the project are: 
1. Uncertainty concepts and tools 

• The Data Uncertainty Engine (DUE) software tool and manuals 
• The report with guidelines on how to assess uncertainty in various types of data 
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• The guidelines for supporting incorporation of socio-economic uncertainties in the decision 

making process 
• The report describing uncertainties in the economic analysis of the WFD. 

2. Databases for accommodating uncertain data 
• The database design, the database software and the associated manuals. 

3. River basin network and data 
• The datasets from the eight river basins including the data uncertainty of the data and the 

documentation of the data and the associated uncertainty as uploaded to the HarmoniRiB 
Data Centre.  

4. Case studies 
• The reports from the eight case studies comprising test of concepts for HarmoniRiB 

methodologies and tools on cases focussing on different aspects of the WFD.  
 
More details on the deliverables are provided below together with a description of the applied 
methodologies and scientific achievements. 

6.3.2 Uncertainty concepts and tools 

Definitions and taxonomy 
Uncertainty and associated terms such as error, risk and ignorance are defined and interpreted 
differently by different authors (Van Asselt and Rotmans, 2002; Walker et al., 2003; Refsgaard et 
al., 2005). The different definitions reflect, among other factors, the different scientific disciplines 
and philosophies of the authors involved, as well as the intended audience. In addition they vary 
depending on their purpose. Some are rather generic, such as Funtowicz and Ravetz (1990), while 
others apply more specifically to model based water management, such as Beck (1987). 
 
The terminology used in HarmoniRiB has emerged after discussions between social scientists and 
natural scientists specifically aiming at applications in model based water management (Klauer and 
Brown, 2003). By doing so we adopt a subjective interpretation of uncertainty in which the degree 
of confidence that a decision maker has about possible outcomes and/or probabilities of these 
outcomes is the central focus.  
 
The notion of uncertainty includes both subjective and objective aspects. Becoming confident or 
establishing lack of confidence is an act of subjective judgement about the validity of some 
information. However, the judgement might be supported and informed by the evaluation of 
‘objective’ facts and other forms of evidence. Thus, according to our definition 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. Similarly, a person is certain if s/he is confident about 
the outcome of an event. It is possible that a person feels certain but has misjudged the situation 
(i.e. s/he is wrong). 
 
There are many different decision situations, with different possibilities for characterising our 
confidence in the available information or in other words the uncertainty. A first distinction is 
between ignorance as a lack of awareness about imperfect knowledge and uncertainty as a state of 
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confidence about knowledge. Our state of confidence may range from being certain to admitting 
that we know nothing (of use), and uncertainty may be expressed at a number of levels in between. 
Regardless of our confidence in what we know, ignorance implies that we can still be wrong (‘in 
error’). In this respect Brown (2004) has defined a taxonomy of imperfect knowledge as illustrated 
in Fig. 6.1. 
 
It is useful in evaluating scientific uncertainty to distinguish between uncertainty about the 
‘outcomes’ or scenarios, as possible states of ‘reality’ (mechanisms, events, observations), and 
uncertainty in terms of ‘probability’ (chance, likelihood, plausibility) for each outcome to occur. If 
one throws a perfect dice, the outcome is uncertain, but the ‘draw’ of a perfect dice is certain: we 
know precisely the probability for each of the 6 outcomes, each being 1/6. This is what we mean by 
‘uncertainty in terms of probability’. However, the estimates for the probability of each outcome 
can also be uncertain. If a model study says: “there is a 30% probability that this area will flood 
two times in the next year”, there is not only ‘uncertainty in terms of probability’ but also 
uncertainty regarding whether the estimate of 30% is a reliable estimate. 
 
 

 

 

  Certainty               ‘Bounded’ uncertainty           ‘Unbounded’ uncertainty 

All possible 
outcomes and all 
probabilities known 

All possible outcomes 
and some probabilities 
known 

All possible outcomes 
but no probabilities 
known 

Some possible 
outcomes and 
probabilities known

Some possible 
outcomes, but no 
probabilities known

Spectrum of confidence (a state of awareness)

 

Ignorance: unaware of imperfect knowledge

Indeterminacy (‘cannot know’) 

No possible outcomes 
known (‘do not know’) 

Fig 6.1 Taxonomy of imperfect knowledge resulting in different uncertainty situations (Brown, 
2004) 
 
Secondly, it is useful to distinguish between bounded uncertainty, where all possible outcomes 
have been identified (they can be distinct or indistinct) and unbounded uncertainty, where the 
known outcomes are considered incomplete. Since quantitative probabilities require ‘all possible 
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outcomes’ of an uncertain event and each of their individual probabilities to be known, they can 
only be defined for ‘bounded uncertainties’. If probabilities cannot be quantified in any undisputed 
way, we often can still qualify the available body of evidence for the possibility of various 
outcomes. 
 
The bounded uncertainty where all probabilities are deemed known (Fig. 6.1) is often denoted 
‘statistical uncertainty’. This is the case traditionally addressed in model based uncertainty 
assessment. It is important to note that this case constitutes one of many decision situations 
outlined in Fig. 6.1, and in other situations the main uncertainty in a decision situation cannot be 
characterised statistically. 
 

Sources of uncertainty 
The uncertainties in the water management process falls in three categories: 
• Data uncertainty in terms of external driving forces (within or outside the control of the water 

manager) and system data that drive the model such as land use maps, pollution sources and 
climate data. 

• Model uncertainty comprising (a) parameter uncertainty, i.e. uncertainties related to parameter 
values; (b) model technical uncertainty, i.e. the uncertainty arising from computer 
implementation of the model, e.g. due to numerical approximations and bugs in the software; 
and (c) model structure uncertainty, i.e. the conceptual uncertainty due to incomplete 
understanding and simplified descriptions of processes as compared to nature. 

• Context and framing, i.e. at the boundaries of the system to be modelled. The model context is 
typically determined at the initial stage of the study where the problem is identified and the 
focus of the model study selected as a confined part of the overall problem. This includes, for 
example, the external economic, environmental, political, social and technological 
circumstances that form the context of problem. Different stakeholders and decision makers 
may have different understandings of what the problem is. This is denoted multiple framing. 

 
HarmoniRiB covers aspects of all these three sources of uncertainty, but not to the same depth. As 
illustrated in Fig. 6.2 HarmoniRiB’s main contribution has been on data uncertainty, while some, 
but relatively less, attention has been given to model uncertainty and to the context and framing 
uncertainties.  
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Sources of uncertainty in the 
Water Management Process 

HarmoniRiB 
Focus 

Data 
• Physical, chemical, biological, etc. 
• Scale problems (temporal and spatial) 
 

Model 
• Parameter values 
• Numerical solution (approximation) 
• Model structure (conceptualisation, process 

equations) 
 

Context – framing of problem 
• Multiple framing (ambiguity) among decision 

makers and stakeholders 
• External factors not accounted for in study 

 
Fig. 6.2 Illustration of the HarmoniRiB focus related to the sources of uncertainty in the water 
resources management process 
 
 

Framework for describing data uncertainty 
By considering space-time variability and data type, Brown et al. (2005) have distinguished 13 
uncertainty categories of uncertain data (Table 6.1). 
 
Table 6.1 The subdivision and coding of uncertainty-categories, along the ‘axes’ of space-time 
variability and measurement scale (Brown et al., 2005). 

Measurement scale 
Space-time variability 

Continuous 
numerical 

Discrete 
numerical Categorical Narrative 

Constant in space and time A1 A2 A3  

Varies in time, not in space B1 B2 B3 

Varies in space, not in time C1 C2 C3 
4 

Varies in time and space 
D1 D2 D3  

 
By considering measurement scale, it becomes possible to quickly limit the relevant uncertainty 
models for a certain variable. On a discrete measurement scale, for example, it is only relevant to 
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consider discrete probability distribution functions, whereas continuous density functions are 
required for continuous numerical data. In addition, the use of space and time variability 
determines the need for autocorrelation functions alongside a probability density function (pdf). 
Brown et al. (2005) explain that this classification of data by measurement scale and space-time 
variability is useful for uncertainty assessment because: 1) it reduces the amount of required 
information requested from the user in populating a database; 2) it reduces the amount of 
information stored in a database (model parameter values); 3) it ensures a close relationship 
between the structure of the probability model and the techniques used to estimate its parameters 
and; 4) it encourages planning of measurement campaigns for collecting information on 
uncertainty.  
 
Each data category is associated with a range of uncertainty models, for which more specific pdfs 
may be developed with different simplifying assumptions (e.g. Gaussian; second-order stationarity; 
degree of temporal and spatial autocorrelation). The advantages of allowing a range of possible 
models for each data category are threefold. First, there is a need to explicitly define an appropriate 
set of statistical assumptions for a particular dataset. Secondly, a range of possible assumptions can 
be defined a priori, and hence the significance of particular assumptions can be demonstrated with 
examples. Finally, the trade-off between model complexity, identifiability and reliability can be 
reviewed over time and balanced against the (changing) practical constraints on assessing 
uncertainty. For example, levels of risk and expertise can be associated with the simplifying 
assumptions allowed in a pdf, with default models for low-risk applications involving users with 
limited expertise. Minimum requirements can also be identified for specific datasets, such as data 
on toxic chemicals. 
 
Categorical data (3) differ from numerical data (1, 2) and narrative (4) in three important ways. 
First, categorical data cannot be manipulated statistically (i.e. computation of mean and variance), 
because the categories are not measured on a numerical scale. Secondly, individual values may be 
assigned to unique classes (one value to one class), where pdfs are based on the measured 
frequency, or perceived probability (Bayes rule), that a value occurs in a particular ‘hard’ class or 
they can be partially assigned to multiple classes (fuzzy), where probabilities reflect doubt about 
the proportional membership of a value to a particular class (Heuvelink and Burrough, 1993). For 
the purposes of an uncertainty analysis, this distinction is important, because accuracy assessments 
are more complicated for fuzzy descriptions of reality. An important issue often overlooked with 
categorical data (e.g. the confusion matrix in land-cover classification) is the problem of correlation 
in space and time or between datasets, since traditional statistical techniques do not apply to 
categorical data. 
 

DUE software tool 
Development of the Data Uncertainty Engine (DUE) is a major scientific achievement of 
HarmoniRiB. DUE can support assessment of data and its propagation through models. The 
graphical user interface of DUE is illustrated in Fig. 6.3.  
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Fig. 6.3 Screen shot from the Data Uncertainty Engine (DUE) 
 
 
DUE separates the analysis of data uncertainties into four stages: 
1. Objects are first imported into the software. 
2. The sources of uncertainty are then identified (important for a structured analysis).  
3. The sources of uncertainty are translated into a simple model (e.g. probability model) from 

which ‘alternative realities’ can be generated. These ‘alternative realities’ are used in an 
uncertainty propagation analysis to establish the impacts of data uncertainty on other 
operations, such as modelling.  

4. Finally, it is necessary to reflect on the quality of an uncertainty analysis, as they are fraught 
with assumptions and difficulties and can be misleading without quality control.  

 
The DUE software can be downloaded from http://workplace.wur.nl/harmonirib. The software and 
the associated manual have been thoroughly tested within the project. As a result of this it has been 
updated several times during the last two years of the project. 
 

Guidelines for assessment of data uncertainty 
Reviews with results on data uncertainty reported in the literature have been compiled into a 
guideline report for assessing uncertainty in various types of data originating from meteorology, 
soil physics and geochemistry, hydrogeology, land cover, topography, discharge, surface water 
quality, ecology and socio-economics (Van Loon and Refsgaard, 2005). Some of the main results 
in this guideline have been submitted for a special issue of the international journal HESS, where it 
is expected that they will be published in 2007. 
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Model structure uncertainty 
With model structure we understand both the conceptualisation of the environmental system and 
the selected process descriptions. Conceptualisation then involves decisions on how to simplify the 
description of the environmental system in a model: which processes to include, at which 
aggregation scale, and how do the various processes interact. The importance of the model 
structure for predictions is well recognised, even for situations where predictions are made on 

output variables, such as discharge, for which 
field data are available (Franchini and 
Pacciani, 1992; Butts et al., 2004). The 
considerable challenge faced in many 
applications of environmental models is that 
predictions are required beyond the range of 
available observations, either in time or in 
space, e.g. to make extrapolations towards 
unobservable futures (Babendreier and 
Castleton, 2005) or to make predictions for 
natural systems, such as ecosystems, that are 
likely to undergo structural changes (Beck, 
2005). In such cases, uncertainty in model 
structure is recognised by many authors to be 
the main source of uncertainty in model 
predictions (Neumann and Wierenga, 2003; 
Linkov and Burmistrov, 2003). 

Sufficient conceptual
models?

Perform validation tests
and accept/reject models

Make model predictions
and assess uncertainty

Evaluate tenability and
completeness of

conceptual models

Formulate a conceptual
model

Set up and calibrate
model

 
HarmoniRiB has contributed with 
development of a new framework for assessing 
the predictive uncertainties of environmental 
models used for extrapolation. The framework 
illustrated in Fig. 6.4 involves the use of 
multiple conceptual models, assessment of 
their pedigree and reflection on the extent to 
which the sampled models adequately 
represent the space of plausible models. The 
novelty of our proposed framework is the 
combination of multiple conceptual models 
and the pedigree approach for assessing the 
overall tenability of these models in one 
formalised protocol. The methodology is 
described in Refsgaard et al. (2006). 
 

 
Fig. 6.4 Protocol for assessing model  
             structure uncertainty (Refsgaard  
             et al., 2006) 
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Uncertainty in socio-economics 
Often uncertainty assessments are confined to uncertainties in data and models originating from 
natural science. We also consider uncertainty in socio-economic aspects by developing concepts 
based on the management of water resources and river basins (e.g. Cech, 2003). It takes into 
account literature on evaluation, e.g. cost-benefit analysis (Hanley and Spash, 1993; Bergstrom et 
al., 2001), multicriteria analysis (Roy, 1996; Munier, 2004) and decision making under uncertainty 
(Jungermann et al., 1998). HarmoniRiB has contributed with new results within the following 
fields: 
• Analysis of uncertainty in socio-economic data. 
• Uncertainties in the economic analysis of the WFD. 
• Analysis of multicriteria methods as a decision support. 
• Development of guidelines for supporting decision making under uncertainty with respect to 

selection of measures. 
 
The uncertainty in socio-economic data of official statistics (Eurostat, Statistical bureaus of 
German Länder and the FRG, Dutch statistics) has been surveyed. We found that the efforts to 
produce accurate economic data are enormous but the knowledge and awareness of the remaining 
uncertainties is generally low. Despite the lack of knowledge and awareness about uncertainty in 
socio-economic data and their sources we judge the consideration of these uncertainties in river 
basin management as highly relevant. A common source of uncertainty for all socio-economic data 
is the mismatch of administrative units and river basins. Socio-economic data are generally 
collected for administrative units. If the variables are used in a river basin context the figures 
therefore need to be recalculated. A review of uncertainty in socio-economic data has been 
prepared as a chapter in the HarmoniRiB report “Guidelines for Assessment of Data Uncertainty” 
(Klauer et al., 2005). 
 
A comprehensive report has been prepared on uncertainties in the economic analysis of the WFD 
(Brouwer, 2005). It comprises analyses of uncertainty with respect to four WFD related topics: (a) 
economic characterisation of river basins; (b) assessing future demands and supply of water; (c) 
selection of cost-effective programme of measures; and (d) cost recovery of water services. The 
analyses are illustrated by comprehensive examples from The Netherlands.  
 
Multicriteria decision analysis has become an important tool to deal with complex decision 
problems in environmental and natural resource management which involve a number of 
conflicting objectives and a variety of stakeholders. Despite their popularity the choice of one from 
the variety of available multicriteria methods is not straightforward. Mysiak (2006) performed a 
review of experimental cases where alternative multicriteria methods have been applied to the same 
decision problem. The results showed that different methods often result in different decisions on 
the same problem. Thus in addition to uncertainty on the input data there is uncertainty related to 
the selected method and it is therefore often recommendable to use two or more methods to achieve 
a robust basis for a management decision. 
 
Klauer and Dunbar (2005) have prepared a guidance document to support the framing of the 
decision problem with respect to selection of management measures to reach a certain goal. The 
decision making process is structured in three phases (Fig. 6.5): 
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Identification of the problem 
• Good status failed 
• Identification of spatial and temporal scale of problem 
• Concentration on a few problem fields 
• Identification of decision maker 

List of evaluation criteria 
• Identify objectives 
• Define criteria 

List of alternative actions 
• Environment-related measures 
• Actor-related measures 
• Combine to alternatives (bundles of 

measures) 

???…??????Am

……………
???…??????A2

???…??????A1

Alternative
Cn… C2C1Criteria

Physical impact analysis 
• Modelling 
• Estimations 
 

Cost calculation 
• Costs of investments 
• Operating costs 
• External costs 

92,63…20,68Am organic farming
…………… 

69,12…51,53A2 riparian buffer
58,35…63,25A1 conventional m.

Alternative 
Total 
costs 

… Mor-
ph. 

Nitrate 
mg/l 

Criteria

Cost-effectiveness analysis 
• Check applicability of CEA 
• Uncertainty analysis 

Multicriteria analysis 
• Selection of a MCA method 
• Uncertainty analysis  

Framing 
the 

Problem 

Impact 
Analysis 

Evaluation  
Decision 
Support 

Results: Ranking of alternatives 
• A4 > A1 >…> Am > A2 
• Information on uncertainties 
• Decision support 

Fig. 6.5 Structuring of the decision making process for the selection of river basin management 
measures (Klauer and Dunbar, 2005)  
 
• Framing the decision making problem, including the problem identification, the first analysis of 

pressures and impacts, the identification of potential measures and alternative actions and the 
identification of evaluation criteria. 

• Impact analysis, where the effects of the different measures and alternatives on the considered 
criteria are estimated and assessed. 

• Final evaluation, decision support and decision making, where the information of the impact 
analysis is analysed, interpreted and utilised for supporting the decision makers and finally 
influences the actual decision making. 
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6.3.3 Databases for accommodating uncertain data 

Novel features of database 
The overall aim of the HarmoniRiB database system is to enable the HarmoniRIB Data Centre to 
receive, quality control, store and make available the representative basin data being assembled by 
the project. Ideally, it should be able to handle any data required for developing WFD-compliant 
River Basin Management Plans. This includes data for underlying modelling studies, and thus 
exceeds the WFD needs for reporting or river basin characterisations. The data cover a wide range 
of water related topics but mainly take the form of site descriptions and time series records. They 
also include spatial data describing site locations, networks and variables such as land use or 
elevation. 
 
We have designed and developed software for a database that can handle data and data uncertainty. 
The novelty of this database is that it meets the following requirements: 
• It can store time-series data 
• It can store spatial data, both raster and vector, as well as time-series of spatial data 
• It integrates data from many domains and many countries 
• It can store information about uncertainty in these data. 
 

Functionality with respect to data uncertainty 
The uncertainty characteristics are described according to the uncertainty categories listed in Table 
6.1. This implies that for the continuous data types the uncertainty is described by use of a 
probability density function (pdf) and a correlation matrix (or correlation function) for normally 
distributed data. For categorical data (such as land cover or soil type), a non-parametric distribution 
is typically required, and may be stored alongside transition probabilities for describing statistical 
dependence. The HarmoniRiB database design therefore allows the user to associate a probability 
model with each uncertain data item. Information on the sources of uncertainty and the quality of 
an uncertainty model is also stored in the database. 
 
An initial list of pdfs and autocorrelation functions are included in a Probability Distribution 
Function Dictionary and an Autocorrelation Function Dictionary of the database. In addition the 
software allows a user to add new functions when required. In practice, it may not be possible to 
calculate the pdf parameters for every attribute value in the database individually. It may only be 
feasible to calculate them at the level of the attribute with which the value is associated (i.e. an 
assumption of stationarity in space or time). In all cases, an uncertainty model is referenced by an 
Uncertainty Model ID (UMID), which acts as a pointer to an uncertainty model that applies to a 
specific location in space or time and to the information on statistical dependence between 
locations and attributes. 
 

General database functionality 
The HarmoniRiB database design for holding these data is generic and is based on the WIS Cube 
(Moore 1997). The major enhancements are not only the inclusion of uncertainty but also the 
seamless linking of metadata to data and a new underlying table design. 
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At the user level, a HarmoniRiB database perceives the world as being composed of objects. These 
are any objects whose description and history the user wishes to record. The types or classes of object 
are decided by the user. Examples of object classes relevant to the WFD are sampling points, wells, 
reservoirs and rivers. 
 
The descriptions of objects and the events observed at them are recorded in terms of attribute values. 
Attributes, like object classes, are decided and defined by the user, the definitions being held in a 
dictionary. A wide range of spatial and non-spatial data types are supported, allowing the system to 
record most known or foreseeable types of attribute information required for the implementation of 
the WFD. Examples of attributes are object identifiers (names, reference codes, serial numbers etc.), 
position, mean daily river flow, concentration (of e.g. nitrate), soil type and hydraulic conductivity. 
 
At the conceptual level, there is no differentiation between spatial and non-spatial attributes. They are 
all stored within the same logical framework. 
 
One way of visualising the manner in which data are stored in a HarmoniRiB database is to imagine a 
large cube, made up of individual cells as shown in Fig. 6.6. The three axes of this cube represent 
objects (WHERE observations were made), attributes (which record WHAT the observation was a 
measure of) and occasions (WHEN the observations were made). Thus, each cell in the cube records 
the value of an attribute at a particular object for a particular point in time. For example, one cell 
might record the concentration of calcium on 29th June 2002 at 10:20 (GMT) in the river Thames at 
Wallingford.  
 

 
 
Fig. 6.6 The Cube as a way of visualising how time series data are stored (Tindal et al., 2004) 
 
The design regards all attribute values as potentially changeable over time, thus enabling it to handle 
time-series data such as river flow. This facility applies to spatial attributes as well as conventional 
time series making it possible to track an object's movement. There is no constraint on the number of 
objects, attributes or occasions which can be recorded, other than that imposed by the physical limits 
of the hardware. The Cube is otherwise unlimited in all directions. 
 
The cells in the cube hold the users' data. Each cell contains a single attribute value. A cell can also 
contain some or all of the following information associated with the value: 
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• A qualifier for the value. A qualifier is an item of information which users may enter in order to 

amplify the meaning of an attribute value. For example, qualifiers may be useful in: 
 Bird or bacteriological count attributes where the value may take the form of, say, 'more than 

10,000'. In this case, the value would be entered as 10000, and the qualifier as > 
 Chemical concentration attributes, where the actual concentration is unknown, but it is 

possible to say that it is less than a certain value, where the value represents the limit of 
detection of the analysis method. The value would be entered as the limit of detection, for 
example 0.001, and the qualifier as < 

• A method of derivation identifier. The method code is a user defined code identifying the 
source from which the value was obtained or the method by which it was derived. This 
information can be used, for example, by future users of the value, to determine its reliability. 

• A measure of the value’s uncertainty in the form of a reference to an uncertainty model stored 
elsewhere in the database. This part of the requirement represents the major area of innovation 
and is likely to evolve as the project progresses.  

• Dataset ID. Every value in the database has a pointer connecting the value to the dataset of 
which it is a member. The definition of what constitutes a dataset is up to the user. The only 
mandatory part of its definition is that the data values that make up a dataset must be owned by 
the same person or organisation. This condition is necessary to facilitate access control which 
will relate to ‘owned’ blocks of data.  

• Uncertainty Model ID. Each value contains a reference to an uncertainty model, which 
describes the range of possible values that an attribute might take at a given location. 

 

Technologies and user requirements 
At the physical level, data are stored in tables in an ORACLE relational database. These are held in 
a single account managed by the database administrator. Approved applications such as the data 
load facility has direct access to this account and are able to select and update data. Users and user 
written applications will be given read only access to the database via their own accounts. Data 
with spatial characteristics (point, line and polygon) are held in tables which have been spatially 
enabled using ESRI/ArcSDE technology.  
 
The software developed includes the following modules: 
 An application for database administration. The administration application provides the 

necessary tools for managing user accounts object classes, attribute dictionaries, units of 
measurement etc. In addition it has the capability of creating new database instances. The 
administration tool is a Windows desktop application developed in C#, and uses ESRI ArcSDE 
technology creating new instances of the database.   

 A data loader tool, capably of reading, validating and loading data in comma separated value 
files (.csv) into the database. The data loader tool is a Windows desktop application developed 
in C#, and uses ESRI technology to load data with spatial characteristics. It is accessible 
through the administration application, and through a web application.  

 A Web application for simple data acess/retrieval and data upload/load. The web application 
provides access to the data loader facilities, as well as access to an interface for querying and 
retrieving time series type data. The Web application has been developed using ASP .NET.  
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In addition to the uncertainty aspects, the strengths of the database design and the developed 
software is the generic approach to data storage. This implies that you do not need to develop a 
data model and stick to that for the remaining lifetime of the database. In our case the amount and 
types of data can be modified by adding new dictionaries and new attributes. Furthermore the 
storage of both spatial and non-spatial attributes within the same logical framework makes the design 
flexible. 
 
The weaknesses are related to the generic character of the database and the software implying that it is 
not trivial to configure and set up a database application for a particular project. It is in all respects an 
advanced IT system, meaning that it requires users that are skilled and experienced with respect to the 
applied IT technologies. If a user want to establish a small database with few and uniform data types 
it is more efficient to apply a standard database tool such as Access. If on the other hand a user wants 
to establish a generic, extendable database with many, diverse types of data (and uncertainty) the 
HarmoniRiB database will be a good choice.  
 

Known shortcomings and user wishes for improved functionalities 
The database design and software the link to the DUE software, through which data can be updated 
with information on data uncertainty, are generic and applicable for a large variety of purposes. 
The system has been tested by the project partners and most of the errors and shortcomings 
corrected. With the present experience we are aware of the following two important shortcomings: 
• It is not possible to store uncertainty on spatial data in the database if spatial data are stored as 

shape files. Uncertainty on shape file data can be assessed by use of DUE and stored as internal 
DUE files. Spatial data can be stored in the database as shape files, but the present database 
design does not allow the uncertainties to be uploaded to the database. At present, it is only 
possible to store uncertainty on spatial data if data are considered as single points. This is in 
principle possible for spatial data, but it is not feasible in practise. To overcome this 
shortcoming requires a small modification of the database design and the software. 

• There appears to be a problem for uploading of uncertainty data from one of the dictionaries 
(Physical and Chemical dictionary) from DUE to the HarmoniRiB database. This is a bug either 
in the database software, in the DUE software or in the interface between the two software 
systems. 

 
In addition the users have expressed wishes for improved Graphical User Interface and other 
functionalities: The original database design (Moore, 2005) included these functionalities, but in 
accordance with project plans the software development was prioritised and not all the described 
functionalities were implemented during the project. Below are given user wishes for 
improvements in three priority classes. For further details, see Moore (2005). 
 
User wishes for improvements – high priority: 
• R54 Guided Tour: Browsing using water related themes 
• R55 Browsing Metadata: Keywords/thesaurus based search 
• R56 Searching the database: Search using customized search criteria 
• R57 Maps: GIS like user interface 
• R58 Reports: Basic reports, including calendar listings, column wise tabulation and items in a 

what/where/when list.  
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• R59 Graphs: A basic set of graphs, including time series plot etc.  
• R60 Export: Export data to .CSV or ESRI shape files.  
 
User wishes for improvements – medium priority: 
• R22 Reformatting facilities 
• R62 OpenMI Interface 
• R70 Structure  
 
User wishes for improvements – low priority: 
• R23 Data Loader improvements 
• R24 Export database 
• R25/26 Merge/Delete database 
• R29 Improved Error Reporting 
• R30 Audit Trail 
• R32 Template Creation 
• R33 Improved Online Help  
• R49 Metadata capture Tool 
• R50 Thesaurus builder 
• R51 Improved editing of user details 
 

6.3.4 River basin network and data 

Why a new river basin network? 
Many networks of river basin data have been established for research purposes during the last 
couple of decades. A review of the characteristics of existing networks with respect to type of data, 
geographical coverage, data accessibility and data use by third parties is provided by Passarella and 
Vurro (2003). Examples of existing international networks are Flow Regimes from International 
Experimental and Network Data (FRIEND); Global Runoff Data Centre (GRDC); Hydrology for 
the Environment, Life and Policy (HELP); World Hydrological Cycle Observing System 
(WHYCOS); European River and Catchment Database Pilot Project (ERICA); Inventory of the 
Catchments for Research in Europe (ICARE) metadatabase and the Experimental Representative 
Basins (ERB) network and GLOWA.  
 
In addition to these international networks, many national databases containing data from national 
networks of river basins exist, e.g. Lowland Catchment Research (LOCAR); Data Storage for the 
Rijkswaterstaat (DONAR) and British Oceanographic Data Centre (BODC). 
 
Some of the existing networks provide data for operational purposes, while most of them have been 
established for research purposes. Many of these networks have existed for long periods and have 
served (and still do) important purposes. However, seen from a Water Framework Directive (WFD) 
perspective, most of them have the key deficiency that they focus on only some aspects (domains) 
of data required for water management in WFD, and most typically they do not contain data on 
ecological and socio-economic aspects. Even comprehensive national databases such as LOCAR 
and DONAR do not contain much data on groundwater, land use and socio-economics. Among the 
international networks HELP has the broadest scope with a focus on socio-economic aspects. 
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HELP, however, does not include groundwater or coastal water data. Furthermore, HELP so far 
only consists of rather few river basins Worldwide and does not have a good coverage in Europe. 
 
Thus, none of the existing river basin networks can provide suitable datasets for supporting 
research on integrated water management of direct relevance for implementation of the WFD. In 
addition, none of the existing networks comprise any quantifiable information on data uncertainty. 
Therefore, there is a clear need to supplement the existing networks with a network of 
representative river basins that as its principal aim has to provide data supporting research in 
integrated water resources management as required by the WFD. The HarmoniRiB river basin 
network is meant for this purpose.  
 

The HarmoniRiB river basin network 
The HarmoniRiB network of representative river basins comprise eight basins, see Fig. 6.7 for 
locations and Table 6.2 for characteristic features. These basins have been selected to ensure a 
good coverage across Europe in terms of eco-regions, types of water problems, socio-economic 
conflicts and amount and quality of existing data. In addition, two of the river basins (Odense and 
Jucar) are also included in the Pilot River Basin Network, where the EC guidance documents have 
been tested. The aim of HarmoniRiB is, through interaction with the respective river basin 
organisations and data owners, to provide well documented data for research purposes, suitable for 
studying the influence of uncertainty on management decisions. 
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Fig. 6.7 Location of the HarmoniRiB network of representative river basins 
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Table 6.2 Key characteristics of the HarmoniRiB network of representative river basins 
Country  
River Basin 

Area (km2) Population 
Density (person/ 
km2) 

GNP 
(Euro/pers/yr) 

Dominant land use Main water uses Main conflicting interest 

CZ, Svratka 3,998 142 5,600 Agriculture, forest Drinking water, electrical 
power, recreation, nature 

Flood protection, minimum discharges, water 
quality 

DE, Weisse 
Elster 

5,325 278 15,000 Agriculture Drinking water, industry Point and non-point sources; wastewater and 
contaminated sites; strong economic and social 
changes. 

DK, Odense 1,090 135 25,000 Agriculture Public water supply, recreation, 
nature 

Agricultural contamination; groundwater 
abstraction depletes stream flow and wetlands 

ES, Jucar 21,328 28 9,900 Agriculture Irrigation, hydroelectric, 
touristic supply, industry 

Farming use; hydroelectrical use; touristic water 
demand 

GR, 
Geropotamou 

600 66 10,000 Agriculture Irrigation, touristic Water shortage, water quality, oversized dam, 
salt intrusion, difficulties in sharing water among 
municipalities   

IT, Candelaro 1,980 230 10,277 Agriculture Irrigation, industry  Water shortage; rainfall rates decrease; intensive 
horticultural farming. 

NL+DE 
Vecht 3,780 

(1980 in NL) 

311 19,000 Industry, Agriculture, 
Habitation 

Agriculture, drinking water, 
receiving water, recreation 

Agriculture, water quality, ecology, Flooding – 
room for water retention 

UK, Thames 12,917 929 30,000 Urban, Agriculture Public water supply, 
Ecosystem, recreation 

Water supply vs. ecology 
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Data in HarmoniRiB Database 
For each of the eight river basins a comprehensive amount of data was collected. After 
collecting and reformatting the data they were uploaded to the HarmoniRiB Data Centre. 
Subsequently, uncertainty was assessed and added to the data following the framework 
outlined above. 
 
The data basically include all data that are required to carry out analysis for the WFD 
implementation (Blind and de Blois, 2003). The data are organised according to objects and 
attributes. The database so far contains 10 dictionaries with about 1200 defined attributes. 
The uploaded data utilise nine of the dictionaries and about 700 attributes as shown in Table 
6.3, which also shows the amount of data per dictionary. It is seen that the Physical and 
Chemical dictionary contains by far the largest number of attributes, while the weather 
dictionary contains most data. Table 6.4 provides an overview of the amount of data and its 
diversity according to number of attributes and dictionaries for the eight river basins. 
 
Table 6.3 The 10 dictionaries with examples of attributes and the number of used attributes 
and the number of records for the data loaded in the database 
Dictionary 
name 

Example of attribute Number of 
attributes used 

Number of 
records 

Biological Taxon count per unit area, Taxon fractional cover, 
Taxon biomass, Taxon count per linear distance 

8 7,731 

General Site Code, Site Name, Owner Name, Point Position, 
Distance from river source, Area code, Analysis-
method code, Analysis-method description, Country 
code 

44 74,076 

Geological Porosity, Hydraulic conductivity, Transmissivity, 
Storage coefficient 

3 74,862 

Hydrological Flow, Water level, Water discharge, Runoff daily 
total, Water content, Catchment Area 

16 1,319,790 

Morphological Depth, Width, Length, Size, Volume, Bed substrate 2 4,035 
Physical and
Chemical 

 AOX, Atrazine, Atrazine (Dissolved), Atrazine (Dry 
weight), Atrazine (Particulate), Atrazine (Wet 
weight), Calcium, Calcium (Dissolved), Calcium (Dry 
weight), Calcium (Particulate), Calcium (Wet weight)

579 1,359,589 

Socio-
economical 

Population, Population density, Employed work force, 
Number of wastewater treatment companies, GNP, 
Total turnover for wastewater treatment companies 

12 2,609 

Soil Soil texture - Fraction of sand, Soil texture - Fraction 
of silt, Soil texture - Fraction of clay, Wilting point, 
Field water capacity 

7 21,729 

Tidal Current velocity, Residence time, Tidal range monthly 
mean, Tidal range 

0 0 

Weather Rainfall 5 minute total, Rainfall 15 minute total, 
Rainfall hourly total, Rainfall daily total, Rainfall 
monthly total, Evaporation potential, Humidity 
relative hourly mean, Humidity relative daily mean, 
Cloudiness degree (Classification code), Precipitation 
type  (Classification code) 

32 7,102,285 

Total  703 9,966,706 
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Table 6.4 Number of records loaded and the number of dictionaries and attributes used per 
basin 
River Basin / Country Number of records Number of 

Dictionaries 
Number of 
attributes 

Svratka / Czech Republic 203,720 5 33 
Weisse-Elster / Germany 1,555,965 4 21 
Odense / Denmark 322,467 7 82 
Jucar / Spain 5,119,946 6 51 
Geropotamou /Greece 206,485 2 16 
Candelaro / Italy 255,771 6 63 
Vecht / The Netherlands 1,112,226 8 613 
Thames / United Kingdom 1,190,126 5 82 

Total 9,966,706   
 
The data and the associated uncertainties from the eight river basins are documented in the 
HarmoniRiB River Basin Data Report (Passarella, 2006). 
 

Future use of data from the HarmoniRiB river basins 
The data presently stored at the HarmoniRiB Data Centre at IRSA in Bari, Italy are publicly 
accessible for all research purposes. Thus, scientists may use the data to e.g. assess the 
appropriateness of models and other tools in relation to the WFD. 
 
Data may be downloaded through the internet. To get access to the data a researcher has to 
register as Data User at the HarmoniRiB Data Centre and sign a User License that specifies 
the following conditions for use of the data: 
• The intellectual property rights of the Data belong to and remain with the Data Owners. 

The respective Data Owners are described in the HarmoniRiB River Basin Data Report. 
The transfer of the Data according to this User License does not constitute a transfer of any 
ownership or intellectual property rights.  

• Data User gets the right to use the Data for non-commercial purposes. This includes the 
right to process the Data and to publish results based on the Data for non-commercial 
purposes. The Data User commits that the Data only are used for non-commercial research 
activities as defined above. 

• The Data User must acknowledge the origin of the Data by making specific and 
appropriate reference to both the Data Supplier and the HarmoniRiB Consortium in 
connection will all use of the Data. 

• The Data User must forward a copy of any scientific publication based on the Data to the 
Data Supplier and the HarmoniRiB Data Centre. 

• The HarmoniRiB Consortium and the Data Owners shall be under no obligation or liability 
and no warranty condition or representation of any kind is made, given or to be implied as 
to the sufficiency, accuracy or fitness for purpose of the Data. 

According to the User License research projects are considered non-commercial if all 
research results obtained are openly available at delivery costs only, without any delay linked 
to commercial objectives, and that the research itself is submitted for open publication. 
Research projects as part of governmental institution’s official duty is considered non-
commercial. 
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The future of the HarmoniRiB Data Centre is discussed in Sub-Section 6.4.5 below. 
 

6.3.5 Case studies 
For each of the river basins the methodologies have been tested through a case study. The 
focus in the case studies have been assessment of uncertainties related to various aspects of 
the decision process related to evaluating potential measures for achieving the WFD objective 
of good ecological status.  
 
The scopes and key conclusions from the eight case studies were:  
• Candelaro, IT. This case study dealt with the impacts of uncertain meteorological data on 

groundwater availability in a basin with severe water shortage. A simple water balance 
model was developed and fed with uncertain monthly rainfall and potential 
evapotranspiration data. The results indicate that if no action is taken the situation in 
basins will worsen. Changing crops can improve the situation significantly and economic 
analysis of the implications of such measure is performed.  

• Geropotamou, GR. This case study dealt with the impacts of uncertain meteorological 
data and uncertain model parameters on the water availability in a basin with severe water 
shortage.  In addition, the effects of socio-economic factors on problem framing and 
decision-making was studied. The effects of three measures on the water availability / 
ground water level were analysed under uncertainty: “Control of illegal pumping”, “Water 
pricing”, and “Construction of an irrigation network”. The models utilized were 
Sacramento and Modflow. The results of the analysis show that a combination of 
measures can deal with the problem of groundwater overexploitation. 

• Jucar, ES. In this case study a qualitative analysis was carried on the uncertainties 
associated with monitoring of the ground water level in an area that has experienced non-
sustainable groundwater abstraction for irrigation. The conclusion of the exercise was that 
there are numerous uncertainties in the computation of available groundwater resources 
and total abstraction. The authors found that it is likely that the errors in estimation have 
such a magnitude that they put the success of the (current) programme of measures in 
jeopardy. For the Mancha Oriental Aquifer the authors have identified six major sources 
of uncertainty. It is recommended to focus on these issues to improve the river basin 
management plans of the Jucar river. 

• Kennet, UK. The Kennet case study focussed on analysing the relationship between 
streamflow, water abstraction and ecological status (represented as ‘LIFE-score’) taking 
various sources of uncertainty into account. In this case study, it was not possible to 
support the working hypothesis and ascribe a negative impact to the effects of water 
abstraction, over and above the effects of historical flows on LIFE score. The case study 
has demonstrated what was initially a rather unexpected result, that incorporation of 
uncertainty into model input data can actually improve the quality of a model. With 
hindsight, this is actually not so surprising. If data points which did not fit a model well 
are in fact outlying partly because of sampling uncertainty, then it is logical that 
downweighting these points would improve the model overall. What is important to note 
is that there is some degree of a priori process understanding in the assignment of 
uncertainty to the data. The same effects would not have occurred if uncertainty had been 
applied in a simple +/- x% fashion.  
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• Odense, DK. Uncertainty in model parameters for the unsaturated component in a linked 

rootzone- and groundwater model was assessed for the Odense catchment. The 
uncertainty analysis focussed on the rootzone model being of crucial importance for the 
right parameterisation of land management and soil physical properties. A model 
framework for an assessment of the uncertainty related to simulation of nitrate leaching at 
the catchment scale is provided. The rootzone model restricted analysis showed that 
guidance is needed on how uncertainty in soil physical properties and fertilizer application 
at different spatial- and temporal scales can affect integrated assessment of nitrate 
reducing measures. Uncertainty analysis at the scale of the Odense catchment requires an 
approach that accounts for model structure uncertainty that can deal with soil properties 
and fertilizer distribution at this scale. This is discussed and a framework for dealing with 
this is provided. 

• Svratka, CZ. In the Svratka case study 100 different flood hydrographs were created based 
on a measured event and uncertainty analysis. These flood hydrographs were then used to 
simulate the water elevations and associated damage of flooding. It was concluded that 
the 50 cm reserve height of flood defences is sufficient at most points within the river. At 
some places water levels fluctuate more strongly and additional measures may be 
required. From an economic point of view it was concluded that the required investments 
to achieve the 50 cm reserve level are worth-while.  

• Vecht, NL. The Vecht case study dealt with the uncertainty in input and parameter values 
on the modelled emission of nutrients to the surface water at the outlet of the Regge sub-
basin. The effects of different mitigating measures under uncertainty were analysed. 
Though many uncertainties were included, one key conclusion from the study is that 
additional guidance is required to help identifying the key uncertainties which need to be 
included. For some uncertainties additional guidance is required on how to estimate them. 
It was also apparent that the choice of the target parameter, in this case nitrogen and 
phosphorus concentration at the Regge outlet is far from trivial: The assessment of the 
effectiveness of measures and their associated uncertainties are very dependent on this 
choice. Also the estimation of uncertainties on the input side of models is very dependent 
on the target parameter of the study. The uncertainty bandwidths were low, supporting the 
view that including various uncertainties does not always result in ‘added’ uncertainties.  

• Weisse Elster, DE.  Like the Vecht study, the Weisse Elster study dealt with the effects of 
uncertainty on nutrient emissions. The effectiveness of various measures targeting point 
sources, land use practices and morphological changes were analysed. The models utilized 
were quite complex (SWAT, WASP5), and not all uncertainties were taken into account. 
Special attention was given to uncertainties in precipitation, both systematic and random. 
Input data uncertainty analysis showed that systematic rainfall measurement errors can 
have considerable impact on simulated discharge as well as simulated nitrogen load. A 
careful consideration of random point measurement precipitation errors is necessary only 
if a small number of precipitation stations (< 10) are included in the study. With respect to 
the river water quality model, the authors conclude that the model parameter uncertainties 
are much more important than the input data uncertainties. Parameter uncertainties were 
high and sometimes larger than the effect of the investigated river restoration management 
scenarios on nutrient concentrations. The uncertainties of the boundary conditions had 
lower impact on nitrate concentrations compared to NH4-N and PO4-P concentrations. 

 
Details of each of the case studies are given in the individual case study reports (see Section 
6.6.3 for references). A summary of the case studies and the lessons learned is given in Blind 
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and Refsgaard (2006). In spite of the differences in the approaches and aspects of uncertainty 
use in water management in the different case studies, some general conclusions were drawn: 
• Handling uncertainty in data and models in a water management setting is of added value.  
• Including uncertainties in integrated studies did not lead to exploding uncertainty in the 

outputs of modelling studies.  
• Handling uncertainty in data and models is difficult, but doable. Significant steps have 

been made within the project to make uncertainty an integrated aspect of studies 
supporting water management. It is however recommended to put more effort in future 
studies on providing guidance for assessing uncertainties in practise. 

• Uncertainties in management options and associated socio-economic costs were difficult 
to assess. In a real-life situation much more expertise needs to be brought into a project 
team to include these important aspects. Given the results of the economic parts of the 
case studies, it appears that the uncertainty in the decision process and in the economic 
conditions are so large that the uncertainty in physical-chemical modelling sometimes 
may be of less importance. 

• Communicating on uncertainties is difficult. There is a need for capacity building on all 
levels, from researchers, consultants to water managers. 

• Although the tools developed in HarmoniRiB proved to be very useful, uncertainty 
assessment is still far from easy. The HarmoniRiB tools could be improved by providing 
more direct help when assessing specific uncertainties, for example through a step-wise 
process with illustrative examples.  
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6.4 Conclusions including socio-economic relevance, strategic aspects and 
policy implications 

6.4.1 Importance of uncertainty in water resources management 

Example 
The problem of uncertainty in daily practise can be illustrated by a case study conducted by 
the County of Copenhagen in 2000 involving a real water management decision (Refsgaard et 
al., 2006). The County of Copenhagen is the authority responsible for water resources 
management in the county where the city of Copenhagen abstracts groundwater for most of its 
water supply. According to a new Water Supply Act the county had to prepare an action plan 
for protection of groundwater against pollution. As a first step, the county asked five groups 
of Danish consulting firms to conduct studies of the aquifer’s vulnerability towards pollution 
in a 175 km2 area west of Copenhagen, where the groundwater abstraction amounts to about 
12 million m3/year. The key question to be answered was: which parts of this particular area 
are most vulnerable to pollution and need to be protected? The five consultants were among 
the most well reputed consulting firms in Denmark, and they were known to have different 
views and preferences on which methodologies are most suitable for assessing vulnerability. 
As the task was one of the first consultancy studies on a new major market for preparation of 
groundwater protection plans it was considered a prestigious job to which the consultants 
generally allocated some of their most qualified professionals. 
 
The five consultants used significantly different approaches. One consultant based his 
approach on annual fluctuations of piezometric heads assuming that larger fluctuations 
represent greater interaction between aquifer and surface water systems and hence a larger 
vulnerability. Several consultants used the DRASTIC multi-criteria method, but modified it in 
different ways by changing weights and adding new, mainly geochemically oriented, criteria. 
One consultant based his approach on advanced hydrological modelling of both groundwater 
and surface water systems using the MIKE SHE code, while two other consultants used 
simpler groundwater modelling approaches. Thus, the five consultants had different 
perceptions of what causes groundwater pollution and used models with different processes 
and causal relationships to describe the possibility of groundwater pollution in the area. In 
addition, their different interpretations and interpolations made from common field data 
resulted in significantly different figures for e.g. areal means of precipitation and 
evapotranspiration and the thickness of various geological layers. 
 
The conclusions of the five consultants regarding vulnerability to nitrate pollution are shown 
in Fig. 6.8. It is apparent that the five estimates differ substantially from each other. In the 
present case, no data exist to validate the model predictions, because the five models were 
used to make extrapolations. Thus, it is not possible, from existing field data, to tell which of 
the five model estimates are more reliable. The differences in prediction originate from three 
main sources of increasing importance: (i) data and parameter uncertainty; (ii) uncertainty on 
which model structure to use; and (iii) uncertainty on what makes an aquifer vulnerable to 
pollution. 
 
Usually a water manager bases his decision on the conclusions from only one study. The 
uniqueness of the present study was that five consultants were asked to answer the same 
question on the basis of the same data. In this respect the differences between the five 
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estimates are striking and clearly do not provide a sound basis for deciding anything about 
which areas should be protected. A worrying question, which is left unanswered, is whether 
the basis for decisions is similarly poor in the many other cases where only a single 
conceptual model has been adopted and where a lot of funding has subsequently been used to 
prepare and implement action plans. 
 
Fig. 6.8 Predictions of aquifer vulnerability towards nitrate pollution from a 175 km2 area 
west of Copenhagen (Refsgaard et al., 2006). 
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General conclusions 
It is generally recognised among researchers that uncertainty assessments are important when 
data or model results are used to support water resources management decisions (Van Asselt 
and Rotmans, 2002; Jakeman and Letcher, 2003; Refsgaard and Henriksen, 2004; 
Babendreier and Castleton, 2005; Pappenberger and Beven, 2006; Beven, 2006). 
 
In guidelines for modelling in relation to water resources management uncertainty is 
emphasised as an important aspect that should be taken into account as par of the water 
management process (Refsgaard et al., 2005a,b). In accordance with the HarmoniRiB 
experience it is here emphasised that uncertainty is something that should be considered 
throughout a study. It is not just an additional analysis that can be included at the end, but it 
should be included and influence a study right from the beginning, because very important 
uncertainty sources (context and framing) occur at the very beginning of a study. 
 
We have noted a clearly increasing trend during the past five years among policy makers and 
water managers towards accepting to deal with uncertainty and in many cases even to 
demanding uncertainty analyses to be included in the water resources studies. Examples of an 
increased awareness among practitioners on uncertainty include: 
• In the climate change area, uncertainty assessments are standard. 
• In the groundwater modelling community uncertainty assessments are becoming more and 

more common. One reason may be that virtually all commercial software packages within 
groundwater have built in facilities for performing analysis of parameter and data 
uncertainty. 

• The RIVM/MNP Guidance for Uncertainty Assessment and Communication that was 
developed following a policy decision to include uncertainty in policy analysis at RIVM, 
The Netherlands (Van der Sluijs et al., 2003). 

• The WFD/CIS guidance documents, see Sub-section 6.4.2 below. 
 
In spite of the positive trend there is still a need to better include uncertainty in policy. 
Uncertainty should be put into a risk assessment framework for policy makers. Things that 
can help towards such development are: (a) uncertainty assessment should be integrated with 
economics in order to make the results more relevant for policy makers; (b) transparency and 
communication of the data, modelling and decision process and the associated uncertainties 
should be improved; and (c) more emphasis should be given to social science aspects of 
uncertainty. Uncertainty should not be seen with a negative connotation that should be 
avoided, but as a reality you have to live with and that may provide opportunities and benefits 
during negotiations. 
 
Transparency in data handling, in communication and in documenting uncertainty in data and 
model results is a key issue. A tool which can support this is the Modelling Support Tool 
(MoST) that has been developed by a parallel EU FP5 project HarmoniQuA (Scholten et al., 
2007).  
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6.4.2 Requirements of WFD to include uncertainty 
Blind (2006) has studied the legal obligations to include uncertainty in the Water Framework 
Directive. The conclusions from this study are that the term ‘uncertainty’ itself does not 
appear in the legal text. However terms as ‘significant’, ‘variability’, ‘risk’ and ‘level of 
confidence’ occurs frequently. A further analysis of the supporting guidance documents 
prepared under the Common Implementation Strategy showed that uncertainty is often 
referred to as something that needs to be considered. 
 
We can therefore conclude that including uncertainty is recommended and even required by 
the WFD. This conclusion is well in line with the above general conclusion that uncertainty 
should be included as an important aspect of water resources management. 
 
Many issues in relation to the WFD implementation, where uncertainty plays an important 
role, have not yet been fully addressed. One example is how natural data uncertainty should 
be taken into account in the WFD reporting and how such uncertainty should affect the 
conclusion on whether a good ecological status has been achieved or not. Or in other words: 
how to define compliance when things are uncertain. 
 

6.4.3 Uncertainty concepts and tools 
There is a need to better include uncertainty in the practical water management. A number of 
useful uncertainty tools exist now, see Refsgaard et al. (2005b) for a review. A major 
constraint, however, is that uncertainty aspects are often complicated to deal with. 
Understanding uncertainty is often in reality a more difficult thing than to operate uncertainty 
tools. Nevertheless, improved and more user friendly tools will help driving the capacity 
building process, because it will generate a larger demand among practitioners to understand 
uncertainty concepts. 
 
It has taken a long time to get models from research into practical use. Now the computer and 
modelling software infrastructure makes it relatively easy to use models, and many 
practitioners today use models and models results. Similarly we may expect that the 
development of user friendly uncertainty software tools, such as the Data Uncertainty Engine 
(DUE) developed under HarmoniRiB, will catalyse a more widespread use of uncertainty 
assessment. Although it is still relatively seldom for water managers to demand inclusion of 
uncertainty assessments in analyses of data and models, there has been a clear trend in this 
direction during the past few years. This trend is likely to greatly accelerate the practical use 
of uncertainty during the coming years. 
 
Although some operational uncertainty tools, such as those developed by HarmoniRiB, 
already exist, there is a need for more research on uncertainty in relation to water resources 
management. Major challenges in this respect include: (a) how to characterise and assess the 
effects of model structure uncertainty; (b) how to deal with scale effects and uncertainty in 
data from different sources; and (c) how to integrate aspects of social science and natural 
science into a broader and more holistic view of uncertainty for use in water resources 
management. Improved utility of research outputs can be facilitated by establishment of 
research and demonstration projects with joint participation of researchers, policy makers and 
water managers to develop and test concepts and tools that are adapted to the needs of policy 
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makers and water managers. The potential co-operation between EU and US research groups 
on uncertainty issues is also believed to become a great asset. 
 

6.4.4 Databases 
Current databases have some important limitations: 
• Most importantly, they are not able to store information on data uncertainty. This makes 

them not suitable for a future situation where this can be expected to become a common 
requirement. 

• Most datasets are national datasets implying that the data storage is done based on 
terminology of that particular country. Terminology differs from one country to another. 
When you mix data from several countries you therefore add confusion due to different 
terminologies, ie the same variable is some times given different names in different 
countries and the same name used by several countries is sometimes given to different 
variables. The data names also often reflect measurement techniques, where traditions 
again are different among countries. In order to develop joint, efficient databases a 
common terminology needs to be adopted and implemented. Such a terminology should 
harmonize in a multilingual setting the meaning of specific quantities. For some types of 
data base material it is available, e.g. for chemicals the CAS system provides a good 
starting point for describing chemicals. However, what additionally is required is 
identifiers for the component which is measured (e.g. suspended solids, water, soil), and 
how it is sampled and measured (e.g. filter sizes, flow dependent monitoring versus 
instantaneous sampling), etc. 

• Most databases only store data from single domains. The WFD with its holistic approach 
of considering water in an integrated manner across domains calls for storage of data from 
all domains (meteorology, hydrology, water quality, ecology, geology, topographic, socio-
economics, etc) in one joint database, in order to allow easy cross-sectoral analysis. 

 
Efficient use of data is not only a matter of integrating data from different sources into 
databases. It is also required to connect the modelling and monitoring communities, which 
until now have largely been separated. To overcome this obstacle both technological and 
organisational/cultural barriers need to be addressed. Thus the attitude and approaches to 
apply joint monitoring and modelling techniques should be improved such as outlined in 
Højberg et al. (submitted). Furthermore, technological solutions linking data and modelling 
tools in integrated Information Systems or Decision Support Systems are required.  
 
For future applications we can expect to see a demand for more flexible and more integrated 
solutions where 
• Data are integrated across domains, types and sources. 
• Data are more and more applied together with both simple and complex analysis tools to 

provide a data and knowledge based decision basis. Many of these applications require that 
data and tools can be linked in a nearly seamless manner, e.g. by use of the OpenMI 
techniques. 

• Data uncertainty is addressed. 
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6.4.5 Datasets from European RTD projects for use in future research projects 

Need for a European database for RTD data 
Many European RTD projects have collected river basin data and established databases as 
part of their projects. In almost all projects these data are only used within the individual 
projects and not utilised in future research projects. There are many reasons for this: 
• Projects have a limited duration and no obligations after project termination. 
• Different projects use different data types. Thus, what is sufficient of data for one specific 

project may often not be sufficient for another project. 
• Different projects use different data formats. This is a barrier for transfer of data from one 

project to another. 
• Project data are usually only documented sufficiently to serve an internal project purpose. 

If data from one project are to be used in other projects, where nobody has knowledge on 
the origin, quality peculiarities of the various data, the requirements to data documentation 
increases substantially. This requires additional resources that can often not be justified 
within the individual projects. 

• Much data are collected with restrictions on their use. Thus, often data are collected with 
user rights restricted to a specific project. 

• There has not been any organisation that could host the data and disseminate them to 
future projects. 

 
Due to this lack of reuse of already collected data a lot of resources are lost. It would 
therefore be a very good idea to establish a database with well documented data from 
European RTD projects. 
 

Is the HarmoniRiB database suitable for a common European RTD database? 
HarmoniRiB has as one of its main deliverables established a database with data from a 
network of eight river basins. The collected data covers the various types of data required to 
carry out WFD related research, including time series, spatial data and socio-economic data. 
The data are well documented and uncertainty has been assessed for much of the data. 
 
The HarmoniRiB database is located at IRSA, Italy. It is operational and tested and amongst 
others includes facilities for web-based upload and retrieval of data. The database is being 
further used in the FP6 project AQUASTRESS. Furthermore, it is likely that the FP5 project 
TempQSim will store their data in the HarmoniRiB database.  
 
The HarmoniRiB database design is generic and flexible, so we believe it would be suitable 
as a basis for a common European RTD database. When data from other projects are uploaded 
to the HarmoniRiB database there is likely to be a need for refinements of the design with 
respect to e.g. the following: 
• Introduction of different user rights with possibility to temporarily restrict access to some 

project data to some users. If for instance data are uploaded by a project, the project 
typically does not want to give public access to these data until the data have been 
sufficiently quality assured and published. This is relatively easy to implement. 

• A decentralised/distributed database may be considered if many projects are going to add 
data to the database. This would require a substantial effort of modification. 
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The functionality of the HarmoniRiB database has proven sufficient for internal use by 
HarmoniRiB partners. For further operational use by additional people and projects 
improvements would be recommend with respect to: 
• Improved graphical user interface. 
• Improved facilities for searching and retrieving data 
• More smooth procedure for upload of spatial data 
 
The present HarmoniRiB Data Centre was used daily by HarmoniRiB partners during the last 
project year. It is as such operational. IRSA has committed temporarily to maintain the Data 
Centre at a minimum level allowing new users to register and download data. For possible 
future use of the HarmoniRiB Date Centre to upload data from new projects the following 
limitations should be noted: 
• IRSA receives no funding for maintaining the HarmoniRiB Data Centre after completion 

of the project. New users for upload of data from other projects will significantly increase 
the work load as compared to ‘just’ maintaining the existing database and allow new users 
to download data. Such increased work load for administrating the data centre is beyond 
IRSA’s present commitments. 

• New projects with different data from different countries are likely to require an upgrading 
of the dictionaries established by HarmoniRiB. To ensure a widespread and smooth use of 
a pan European database a set of common European dictionaries will ultimately be 
required. 

 

Which organisation is suitable for hosting a common European RTD Data Centre? 
The ambition for the HarmoniRiB consortium is that the HarmoniRiB Data Centre with the 
data from the eight river basins is kept operational and used by the scientific community for 
many years in the future. If the HarmoniRiB Data Centre is maintained in its present form for 
many years with respect to content and functionality (hardware, software, service level) it will 
gradually loose its attractiveness of use for the scientific community. 
 
In order to sustain the data centre for many years and keep it attractive for users, both in terms 
of content and functionality, it needs to be more than just a depository for the existing 
HarmoniRiB data, i.e. it needs to be extended to host and disseminate data from other selected 
future EU RTD projects. It will therefore be most logical to have a European organisation as 
host for such data centre. And for such operation to become sustainable it is not just a matter 
of taking over and store data for one project (HarmoniRiB) but the organisation should see 
such task as part of its long term mission. It is therefore a policy issue at top management 
level that is not likely for an individual project to significantly influence. 
 
Two organisations appear relevant here, namely the European Environment Agency (EEA) 
and EUs Joint Research Centre (JRC) that both host various kinds of water resources data and 
cooperate on amongst others the Water Information System for Europe (WISE). HarmoniRiB 
has therefore had a dialogue with these two organisations to enquire about their interest in 
hosting the HarmoniRiB data.  
 
In this dialogue JRC did not appear to have a motivation to act as host for HarmoniRiB’s data 
and go further into a detailed dialogue. 
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EEA has, on the other hand, expressed an interest to host research data in the future. As part 
of this EEA has by letter of 9th November 2006 expressed an interest in principle to host the 
HarmoniRiB data. This will require further detailed technical discussions in order to become 
operational. This attitude from EEA opens very interesting perspectives for the research 
community. 
 

How can we ensure that RTD projects store data in a common European RTD database? 
In order to ensure that new projects (or just some selected new projects) deliver their data to a 
common database the following conditions must be met: (a) an EC RTD Data Centre must be 
established and (b) data delivery must be a contractual obligation for new RTD projects. 
 
The EC RTD Data Centre should be established with the following responsibilities: 
• It should provide information to new RTD projects on data formats and how the data 

delivery in practise should be made. 
• It should assist new projects in uploading and documenting data. This could be in terms of 

a compulsory (for new projects) short course and/or hot line assistance. 
• It should provide information to new users on how to identify and retrieve data of 

relevance for their respective research projects. 
• It should continuously maintain the database and upgrade the functionality for uploading 

and retrieving data based on the newest web-technology. 
 
The contractual obligations for data delivery have the following two elements: 
• The data delivery condition, including formats and needs for documentation, must be 

described in the material associated to the calls for proposals. Either in the Work 
Programme and/or in the associated Guide for Proposers. 

• It must be imposed as a formal delivery in the research contract between EC and the 
research consortium. 

 
 

6.5 Dissemination and exploitation of the results 

6.5.1 Dissemination strategy 
The dissemination strategy aimed at dissemination of project results towards the following 
three target groups: 
• Researchers. 
• Water managers and practitioners involved in the practical WFD implementation.  
• Policy makers responsible for development of overall water resources policies and 

strategies. 
 
The activities used towards the three groups are shown in Table 6.5 and described further in 
Sub-section 6.5.2 below. 
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Table 6.5 Activities aimed at supporting dissemination of project results to the three target 
groups 
Activities / Target groups Researchers Water Managers 

/ Practitioners 
Policy makers

Public website X X X 
Newsletters X X X 
Papers in peer refereed international journals  X   
International conferences X   
User Group  X  
National workshops/conferences  X  
Harmoni-CA X X X 
CIS activities   X 

Dialogue with European organisations   X 

Final Project Workshop X X X 
 

6.5.2 Dissemination activities 

Public website – www.harmonirib.com 
A project website (www.harmonirib.com) was established. This site has been used for 
providing information on project objectives, methodologies and outputs. By the end of the 
project it is being converted into a repository, where everybody can download project reports. 
 
The website has been an important dissemination channel with its many links to/from the 
parallel projects under the CatchMod cluster and Harmoni-CA. The site has had a good 
number of visitors.  
 

Leaflet and Newsletters 
A leaflet was prepared at the beginning of the project with information on project objectives, 
key deliverables and project partners. Afterwards four newsletters have been prepared: 
• Newsletter 1, June 2004, with focus on project methodologies and the first prototype 

version of the Data Uncertainty Engine (DUE) software tool. 
• Newsletter 2, January 2005, with focus on the Guideline Report on data uncertainty 

assessment. 
• Newsletter 3, July 2005, with focus on the eight case studies. 
• Newsletter 4, December 2005, with focus on the HarmoniRiB river basin network and the 

first publicly released version of the Data Uncertainty Engine (DUE). 
The newsletters comprise four A-4 pages. The newsletters have been distributed 
electronically, via downloads from the project website, at conferences and via personal 
contacts. 
 

Papers in peer refereed international scientific journals 
Although not a formal delivery requirement we have throughout the project submitted 
manuscripts to international scientific journals. This has been important for the project, 
because the peer review process at these journals ensure a scientific quality assurance of the 
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project methodologies. In addition, journal publication is a very efficient way of 
disseminating scientific results worldwide.  
 
By the end of the project we have achieved the following: 
• 9 papers published. 
• 5 papers accepted for publication and presently in press. 
• 10 papers submitted and presently in review process. 
In addition a number of manuscripts is presently under preparation. 
 
 

International scientific conferences 
Project results have been presented at a large number of international conferences. The 
presentations have been either as posters or oral presentations. Usually the presentations have 
been supplemented with a paper in conference proceedings, and in a few cases the papers 
have been further elaborated to book chapters. This has served two main purposes. First of all, 
it gave us an opportunity to get feedback from the scientific community with critiques and 
new ideas. Secondly, it is an important dissemination channel to tell the scientific community 
that something interesting is going on in our project. 
 
By the end of the project we have achieved the following: 
• 40 international conferences attended 
• 8 posters presented 
• 30 oral presentations given 
• 17 papers published in international conference proceedings 
• 6 papers published as book chapters 
 
Furthermore, the project has contributed to 6 peer reviewed book chapters. 

User Group 
The project established a User Group at the very beginning of the project. One person from 
each of the eight river basins was invited to participate. The User Group had an advisory role 
with respect to the following: 
• Data policy 
• Overall project methodology and plans as described in the Requirements Analysis (WP1) 
• Content of case studies 
• Plans for dissemination and exploitation 
 
The interaction with the members of the User Group has taken place in two ways: 
• Bilaterally between a HarmoniRiB partner and the corresponding User Group member. 

This occurred throughout the project with frequencies depending on the needs and the 
resources of the User Group members to participate. 

• Jointly through User Group participation at HarmoniRiB workshops. The User Group was 
invited to attend four project workshops. 

 
The interaction with the User Group served the dual purposes of ensuring feedback to the 
project from practitioners and of disseminating project results. 
 

Refsgaard, Nilsson and Bache  Page 6:34 Detailed HarmoniRiB Report 2002-2006 



HarmoniRiB                                                           November 2006 Final Report 

______________________________________________________________________________________________ 

 
National workshops/conferences 
Project members have attended a large number of user oriented, mostly national, workshops 
and conferences and presented project results. This gave an opportunity to inform potential 
end users about work in progress and get some feedback on its perceived relevance.  
 
By the end of the project we have achieved the following: 
• 8 national conferences/workshops attended 
• 8 oral presentations given 
• 3 papers published in national conference proceedings 
 
In addition to the formal workshops and conferences, opportunities for dissemination has 
often arisen in less formal contexts – such as meetings mainly focusing on other issues and 
bilateral contacts. We have no records to document this activity. 
 

Harmoni-CA 
HarmoniRiB has participated in all Harmoni-CA open conferences and forums and made 
contributions by posters, oral presentations, organising and chairing sessions, etc. In addition, 
HarmoniRiB has made use of the dissemination channels provided by Harmoni-CA through 
the Harmoni-CA website and newsletters. 
 
HarmoniRiB results have been utilised in the Harmoni-CA guidance document on uncertainty 
(Refsgaard et al., 2005b). Furthermore, it is expected that HarmoniRiB results from the river 
basin data will be made use of in a forthcoming Harmoni-CA publication on data availability 
and accessibility seen in relation to the needs for modelling. 
 
Harmoni-CA has been important for networking both among colleague researchers and 
among policy makers attending the Harmoni-CA events. 
 

Liaison with CIS activities 
As HarmoniRiB is establishing a river basin network with data collection and WFD relevant 
study activities there are parallels to the Pilot River Basin (PRB) activities under the Common 
Implementation Strategy (CIS). HarmoniRiB has therefore liaised closely with the PRB 
activities throughout the project period. This has taken place at two levels: 
• National level. Two of the HarmoniRiB basins are also PRBs, namely Jucar in Spain and 

Odense in Denmark. We have had close bilateral contacts to these two PRBs. The 
HarmoniRiB co-ordinator is for instance member of the national advisory steering 
committee for the Odense PRB, and Odense PRB staff has played a very active role at 
HarmoniRiB workshops. 

• European level. HarmoniRiB has participated in three PRB (Pilot River Basin) working 
group meetings and given two poster and one oral presentation. The PRB secretariat at the 
Joint Research Centre has participated and given PRB presentations in two HarmoniRiB 
Workshops. 

 
With respect to the other CIS working groups there have been various contacts: 
• National level. There have been bilateral dialogues with several working group members, 

for instance in the Netherlands, where RIZA is represented in all working groups and 
RIZA is also a HarmoniRiB partner. 
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• European level. HarmoniRiB has been actively contributing to the dialogues between 

Working Group B and CatchMod projects on WFD related research needs and possible 
contributions from the CatchMod projects. 

 

Dialogue with European organisations 
During the past project year we have made substantial efforts to communicate with a number 
of European policy organisations in order to disseminate our final results to potentially 
interested end users. This process has been very actively supported by HarmoniRiB’s 
scientific officer in DG RTD, Dr. P. Balabanis. The process was initiated at a meeting in 
Brussels on 16th February, 2006. Here it was agreed to arrange a small, closed workshop on 
13th June for a small number of organisations for discussion of collaboration possibilities. It 
was furthermore agreed to arrange a larger open workshop on 21st September 2006 in 
Brussels. 
 
The following organisations were contacted: 
• Global Earth Observations (GEO). GEO was invited to the 13th June workshop, but was 

not able to attend. On 26nd July the HarmoniRiB co-ordinator had a meeting in Geneva 
with GEO’s secretariat and WMO. Here collaboration opportunities were outlined and Dr. 
Antti Herlevi promised to give a GEO presentation at the HarmoniRiB Final Workshop, 
21st September. Unfortunately, Dr. Herlevi’s participation and contribution to the 21st 
September workshop was cancelled with few days notice due to other urgent 
commitments. 

• Global Monitoring for Environment and Security (GMES). GMES was invited to the 13th 
June workshop, but was not able to attend. 

• The Infrastructure for Spatial Information in Europe (INSPIRE) run by DGENV. 
INSPIRE/DG ENV was invited to the 13th June workshop but was not able to attend. 

• DG ENV. Philippe Quevaullier, DGENV, contributed with an oral presentation to the 
HarmoniRiB Final Workshop, 21st September. 

• EUROSTAT. EUROSTAT was invited to the 13th June workshop but was not able to 
attend. 

• The Joint Research Centre (JRC). Through the dialogue with the PRB activities the project 
has had a running dialogue with Giovanni Bidoglio and his group at JRC. Erika 
Rimaviciute, JRC, attended and gave oral presentations on both the 13th June and the 21st 
September workshops. 

• The European Environment Agency (EEA). The HarmoniRiB co-ordinator held a meeting 
with Dr. Philippe Crouzet, EEA on 3rd May and informed about the content of the 
HarmoniRiB outputs. Here collaboration possibilities were outlined. In this respect EEA 
showed (uncommitting) interest for (a) hosting data from the eight HarmoniRiB river 
basins and (b) the HarmoniRiB database and uncertainty concepts and tools. It was agreed 
to continue the dialogue. EEA was not able to attend the 13th June Workshop, but Philippe 
Crouzet contributed with an oral presentation to the HarmoniRiB Final Workshop, 21st 
September. The project had a second meeting with Philippe Crouzet on 28th September for 
further discussion of these issues. Finally, EEA has by letter of 9th November confirmed 
that EEA could host the HarmoniRiB data (Annex C). 
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Final Project Workshop 
The HarmoniRiB Final Workshop entitled “Uncertainty in data and models: On the way to 
operational use in environmental management” was held in Brussels on 21st September 2006. 
It was organised in close co-operation with the European Commission. The objectives of the 
workshop were: 
• To discuss the importance of uncertainty among water resources policy makers, 

practitioners and researchers with respect to the WFD implementation as well as to related 
fields such as Earth Observatories, spatial management, etc. 

• To present and discuss operational tools for handling uncertainty in data and models. 
• To outline the need for future database functionality and discuss the limitations in the 

current database designs for adequately supporting water management functions. 
 
The workshop turned out to be a great success with a very good attendance and very lively 
and constructive discussions. About 1000 invitations were send out during July and August. 
83 persons registered for the workshop and 65 actually attended. Among the registrations 
there were participants from 16 countries. 60% of the participants came from research 
organisations while the remaining were policy makers, water managers, NGO’s/stakeholders 
and consultants. The workshop programme, the list of participants and the conclusions and 
recommendations from the discussion are given in Appendix B to this report.  
 
 

6.5.3 Exploitation plans 
The Technological Implementation Plan (TIP) separates the exploitation of project results 
into three different (but related) products: 
• The DUE software tool for assessing uncertainty in data and models 
• The database design and software 
• The data from the eight river basins now available through the HarmoniRiB Data Centre 
 
In the following sub-sections we summarise the status and exploitations possibilities for each 
of these three products. 
 

The DUE software tool for assessing uncertainty in data and models 
The Data Uncertainty Engine (DUE) is a unique software tool for characterising and assessing 
uncertainty in data and modelling. University of Amsterdam developed it. It is well 
documented. DUE is freely available for use by researchers and practitioners without 
restriction. The source code is also freely available for use and modification, but under the 
restrictions of the General Public License (GPL) Version 2.1 or later. 
 
DUE is being marketed by the developers and the HarmoniRiB Consortium as free software. 
There is a considerable interest in the scientific community and the exploitation potential 
appears to be very big here during the coming years. The exploitation possibilities in the 
commercial sector are more uncertain, because the awareness among water managers about 
the need to deal with uncertainty still is relatively low, although it is rising among the 
progressive segment of water managers. A promising first attempt to make a commercial 
exploitation of DUE is made by WL|Delft Hydraulics in a major software project, DATools 
(Data Assimilation Tools). 
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The database design and software 
A database has been designed and implemented in terms of well-tested software. Dictionaries 
for all data types of relevance for the WFD implementation have been developed. The 
database design and software have been thoroughly tested through loading of a large amount 
of data from eight river basins. The two main novel and unique features of the database 
design and software are: 
• The database can store and handle all different types of data relevant for the WFD 

implementation, including both time series and spatial data. 
• The database can handle multiple and complex uncertainty in the data. It also has an 

operational link to the HarmoniRiB Data Uncertainty Engine (DUE) software that can be 
used to characterise and add uncertainty to the data. 

The database functionality is well developed with respect to database administration and data 
loading, whereas the functionality for data retrieval is more basic and for instance does not 
include a GUI (Graphical User Interface). 
 
The database has design and basic functionality enabling it to become useful in many 
commercial projects. This will, however, require that the usability is improved by adding 
some extra functionality, and that references from database applications in commercial 
projects are obtained. DHI and CEH have an interest in pursuing this and are actively looking 
for possibilities in this regard. RIZA is promoting the use of the database in the FP6 
AquaStress project. 
 

Data from the eight river basins available through the HarmoniRiB Data Centre 
The HarmoniRiB Data Centre contains data from eight representative river basins. The data 
for each basin comprise the different types of data required to carry out research studies of 
WFD relevance, including temporal, spatial and socio-economic data. The data and the 
assumptions made on the associated uncertainty is described and documented in a report. 
Comprehensive efforts have been made in acquiring the data without restrictions for future 
use for research studies, and the data will be made freely available research purposes. 
 
In order for the research community to make full use of this unique opportunity of getting 
these data we need to keep the HarmoniRiB Data Centre operational for some years after the 
project completion. As discussed in some details in Section 6.4.5 above, we see two 
possibilities for this: (a) to maintain and (if possible) further develop the existing 
HarmoniRiB Data Centre that is presently located at IRSA in Bari; Italy and (b) to find a 
European organisation to host the Data Centre. 
 
IRSA has committed temporarily to maintain the Data Centre at a minimum level allowing 
new users to register and download data. However, for possible upgradation of the 
functionalities and uploading of new data, which is required for sustaining the database more 
than a couple of years, more external funding will be required. 
 
Therefore we consider IRSA’s commitment as a good offer for a ‘bridging period’ until we 
have identified and made agreements with a European organisation that (hopefully) will take 
over as host for the HarmoniRiB data. As discussed in Section 6.4.5 we will explore the 
possibilities for a collaboration with the EEA in this respect.  
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INTRODUCTION 

Purpose and Content of Report 
The purpose of this document is to provide a summary of status of the deliverables of Har-
moniRiB, including the quality assurance process adopted for each of the deliverables. The 
report is a living document that will be currently updated during the remaining part of the 
project period. It is intended that the report will ultimately become an appendix to the Har-
moniRiB Final Report (Deliverable 9.4). 
 
During the project a quality assurance manager, appointed and steered by the project’s steer-
ing committee was responsible for maintaining quality assurance. A quality assurance plan 
was devised early in the project (Blind1). This plan aimed to device early on in the production 
of deliverables a dedicated set of clear criteria for deliverables, and appoint a person for each 
deliverable who would guide the QA process of the particular deliverable. In principle, such a 
structure is very reliable in a production process, the reality of HarmoniRiB however was, that 
ideas on most deliverables were maturing throughout the project, thus clear-cut criteria could 
not be designed a priori. Similarly, since many products were intended for a scientific audi-
ence, quality often was assured by peer-review of external experts (scientific publications). 
The QA process thus varied substantially from one deliverable to another. 
 
This report shows the status of each deliverable and describes what has been done to reach 
acceptable standards. For deliverables that are reports the tables given below will be included 
as information of the QA process. 
 
The document focuses on official deliverables. However, the project has produced outputs 
that are additional to the HarmoniRiB Description of Work2, but they are not described in the 
present report.  
 
 

                                                 
1 Blind (ed), Quality Assurance Guidelines and Agreements, version 0.6, January 2004. 

2 Please see the list of publications. 
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Overview over HarmoniRiB Deliverables 
Deliv-
erable 
No 

Deliverable title 
Nature3 

Dissemina-
tion level 

Status 

D1.1 Report on requirements for HarmoniRiB Re,Th,Me Pu Completed
D1.2 1st version of the HarmoniRiB meta data database Re Re Completed 
D2.1 Report on methodology for uncertainties in river basin database Me,Re,Th Pu Completed 

D2.2 Report on methodology for assessing and evaluating uncertainties 
in river basin models 

Me,Th,Re Pu Completed 

D2.3 Report on methodology of dealing with multiple spatial and 
temporal scales in analysing uncertainty propagation in river 
basin models

Me,Th,Re Pu Completed 

D2.4 Software (including manual) that implements methodology for 
tracking propagation of uncertainties in river basin models.

Pr,De Pu Completed 

D3.1 Guidelines for the assessment of uncertainty of the data to be 
included in the economic analysis 

Me Pu Completed 

D3.2 Benchmarking of Guidelines for the selection of an appropriate 
decision support method 

Re Pu Completed 

D3.3 Concept for integrating uncertain hydrological, ecological and 
socio-economic information into a decision support system for 

Me,Th Pu Completed 

D4.1 The specification of the conceptual model Me,Re Pu Completed 
D4.2 The specification of upgrades to the database software Me,Re Pu Completed 
D4.3 The specification of the Object Model Me,Re Pu Completed 
D5.1 The database software upgraded, installed and two empty data-

bases set up at the Data Centre ready to receive HarmoniRiB 
Pr,Da,Eq Pu Completed 

D5.2 The Object model Pr Pu Not delivered4 
D5.3 Training for the Data Centre and partner staff De Re Completed 
D5.4 Maintenance service De Re Completed 
D6.1 Web site with river basin database (beta-version) O Pu Completed 
D6.2 Guidelines for database use (beta-version) Me,Re Pu Completed 

D6.3 CD/Web with datasets (final version) O,Da Pu Completed 
D6.4 Guidelines for database use (final version) Me Pu Completed 
D7.1 Jucar case study report Re Pu Completed 

D7.2 Weisse Elster case study report Re Pu Completed 

D7.3 Kennet case study report Re Pu Completed 

D7.4 Vecht case study report Re Pu Completed 

D7.5 Svratka case study report Re Pu Completed 

D7.6 Candelaro case study report Re Pu Completed 

D7.7 Odense case study report  Re Pu Completed 

D7.8 Geropotamou case study report  Re Pu Completed 
D7.9 Summary report Re Pu Completed 
D8.1 Web site with communication to external users O Pu Completed 
D8.2 Report on responses from organisations delivering and organisa-

tions using the datasets 
Re Pu Completed 

D8.3 Mid-term report on status of exploitation and final plans Re Pu Completed 

D8.4 D8-4 Report on post-project continuity measures Re Pu Completed 

                                                 
3 Codes:   Nature: Re = Report, Da = Dataset, Th = Theory; Eq = Equipment; Pr = Prototype; Me = Methodology, 
De = Demonstrator, O = Other  
                 Dissemination level: Pu = Public, Re = Restricted to HarmoniRiB consortium 
4 Deliverable 5.2 is not delivered in accordance with the Amendment to the HarmoniRiB contract made in 2006 
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D8.5+D
9.2 

Reports from Steering Committee meetings and project work-
shops 

Re Re Completed 

D9.1 Website with communication to internal users O Re Completed 
D9.2 SC meetings Re Re Completed 
D9.3 Annual reports to EC Re Pu Completed 
D9.4 D9-4 Final report to EC Re Pu Completed 
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WP 1: REQUIREMENT ANALYSIS 

D1.1 Requirements Report 
Deliverable number D1.1 
Deliverable title Report on Requirements for HarmoniRiB 
Editors Refsgaard JC and Nilsson B 
Aurthor(s) Refsgaard JC, Nilsson B, Rasmussen P, Thorsen M, Blind M, de Blois C, 

Brouwer R, Vurro M, Passarella G, Klauer B, Mysiak J, Sigel K, Moore 
RV, Tindall I, Goodwin T, Dunbar M, Brown J, Heuvelink G, Bech T, Al-
day JJG 

Abstract 
 
 

This report contains the requirements and methodological foundation for the 
coming work of the HarmoniRiB project in terms of: 
• Methodologies for assessing uncertainties in data and models. 
• Methodologies for decision making under uncertainty for river basin 

management. 
• Identification of data required for implementation of the Water Frame-

work Directive (WFD) based on a review of the WFD and the WFD 
Guidance Documents. 

• Brief descriptions of the eight river basins that constitute the Harmon-
iRiB network of representative river basin. 

• Lists of the specific data sets to be collected from each of the river ba-
sins. 

• Data policy, data management organisation and functional capabilities 
of a HarmoniRiB Data Centre for handling data from the HarmoniRiB 
river basin network. 

Format 
 
 

A report of 337 pages available both in hardcopy and electronic format (ei-
ther as a single pdf file or in separate pdfs, one per chapter or appendix) 
downloadable from the project public website. 
The official reference of the report is: “JC Refsgaard and B Nilsson (Eds.)  
Requirements Report, HarmoniRiB Report. Geological Survery of Denmark 
and Greenland, Copenhagen, May 2003, www.HarmoniRiB.com” 

Status Completed and published in June 2003 
Review / QA process The Requirements Report is a joint product of all HarmoniRiB partners. The 

QA process consisted of the following elements: 
• The content was presented and discussed among project partners at two 

technical meetings in Rome (February 2003) and Albacete (May 2003).
• All chapters of the report were reviewed internally by the editors and 

by a partner that had not contributed to writing the chapter. 
• An external review was carried out by an independent panel of experts 

in connection with the Project Workshop held in Albacete in May 
2003. The review reports and the project consortium’s response can be 
seen in the report from the Project Workshop (part of Deliverable 8.5). 

Approved WP leader 
May 2003, Jens Christian Refsgaard 

Steering Committee 
Albacete, May 9, 2003 

Dissemination level Public 
Plans regarding further 
dissemination and use 
of this deliverable 

This report is primarily intended for internal use as the methodological 
foundation for the further project work.  
 
The report is available at the public web site. 
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D1.2 Metadatabase 
Deliverable number D1.2 
Deliverable title 1st version of the HarmoniRiB metadata base 
Author(s) Rasmussen P 
Abstract 
 

Appendix E of the Requirements Report (D1.1) contains the first version of 
the data to be collected for the HarmoniRiB database.  

Format 
 
 
 

Appendix E of the Requirements Report, with one general chapter (E.1) 
and one chapter per river basin (E.2 – E.9) totalling 69 pages. 
The appendix is available as part of the Requirements Report as pdf files 
on the project website (www.HarmoniRiB.com). 

Status Completed and published in June 2003 
Review / QA process The data lists in Appendix E have been through the same QA processes as 

the Requirements Report itself, i.e. discussions at two technical meetings, 
internal reviews by project partners and an external review by the panel of 
experts. However, in practise these reviews have not focused on the details 
of the data lists. So the main mechanism to ensure a good quality of these 
data lists is that the local partner has prepared them, in general in close 
dialogue with a local water manager (HarmoniRiB End User) and local 
data agencies. 

Approved WP leader 
May 2003, Jens Christian Refsgaard 

Steering Committee 
Albacete, May 9, 2003 

Dissemination level Public 
Plans regarding further 
collaboration, dissemi-
nation and/or use of this 
deliverable 

This first version of the metadatabase is primarily intended for internal 
purposes. It has been replaced with lists of data and actual data included in 
D6.1 and D6.3.  
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WP2: METHODOLOGY FOR UNCERTAINTY ASSESSMENT 

D2.1 Data Uncertainty Guideline Report 
Deliverable number D2.1 
Deliverable title 
 

Report on methodology for assessing and evaluating uncertainties in 
spatio-temporal river basin databases 

Editors Van Loon E and Refsgaard JC 
Aurthors Van Loon E, Refsgaard JC, Barca E, Passarella G, Vurro M, van der Keur 

P, Nilsson B, Castilla G, Montesinos S, Goodwin T, Rode M, Suhr U, 
Dunbar M, Klauer B, Mysiak J, Sigel K. 

Abstract 
 
 
 

This report provides a methodological introduction on how to handle un-
certainty in water resources data. Further it contains chapters with literature 
review on uncertainty in meteorological data, soil physical and geochemi-
cal data, geological and hydrogeological data, land cover data, river dis-
charge data, surface water quality data, ecological data and socio-economic 
data. 

Format 
 

A report of 182 pages available both in hardcopy and electronic format. 
The report is downloadable from the project public website 
(www.HarmoniRiB.com).  
The official reference of the report is: “E van Loon and JC Refsgaard 
(Eds.).Guidelines for assessing data uncertainty in river basin management 
studies. Geological Survery of Denmark and Greenland, Copenhagen, June 
2005”. 

Status Completed and published in July 2005 
Review / QA process Scientists from different HarmoniRiB partners have written the different 

chapters between February and August 2004. Each chapter was subse-
quently reviewed internally by one of the editors and by a scientist from a 
partner that did contribute to the writing of that particular chapter. The 
entire report was finally edited to improve the overall quality and homoge-
neity across chapters. 
In addition, the overall methodology for handling of data uncertainty has 
been published in peer reviewed journals and presented at several interna-
tional conferences. 

Approved WP leader: 
May 2005, James Brown 

QA dedicated manager: 
June 2005, Jens Christian Refsgaard

 Steering Committee: Hørsholm, September 23, 2005 
Dissemination level Public 
Plans regarding further 
collaboration, dissemi-
nation and/or use of this 
deliverable 
 

Within the HarmoniRiB project this report has been used to support the 
partners in assessing uncertainty in data from their respective river basin. 
 
Some of the chapters has been published in a HESS special issue. 
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D2.2 Uncertainty in River Basin Models 
Deliverable number D2.2 
 
Deliverable   title Report on methodology for assessing and evaluating uncertainties in 

river basin models 
Author(s) James Brown, Gerard Heuvelink, Jens Christian Refsgaard 
Abstract 
 
 
 
 
 
 
 
 
 

A report on current approaches and key challenges for assessing 
and propagating uncertainty through environmental models.  The 
report begins by defining ‘uncertainty’ as the basis for a discussion 
on the sources and instances of uncertainty in environmental mod-
els (Section 3).  Uncertainties in model inputs are discussed in Sec-
tion 4, while uncertainties in models (parameters, structure, 
solution etc.) are discussed in Section 5.  Section 6 reviews the pro-
cedures available for propagating uncertainties through models (the 
‘forward problem’), while Section 7 considers the ‘inverse prob-
lem’ of reducing uncertainties in model parameters and states with 
observations.  Finally, the problem of partitioning the total uncer-
tainty in model predictions among the different uncertain compo-
nents of a model is considered in Section 8.  Areas for further study 
are highlighted in the conclusions.  The report is based on a series 
of peer-reviewed journal articles, book chapters and conference 
papers, for which abstracts are provided in Appendix A.   

Format 
 
 
 

A report of 35 pages comprising 10 sections on current approaches 
and key challenges for assessing and propagating uncertainty 
through environmental models.  In addition, there is an appendix of 
papers on which the report is based.  

Status First Draft (31-12-05) 
Review by Jens Christian Refsgaard (18-01-06) 
Final Draft (19-01-06) 
Final version (20-01-06) 
Approved (25-01-06)  

Review / QA process Reviewed formally by Jens Christian Refsgaard.  Placed on the 
internal website for review by other partners prior to approval. 

Approved WP leader 
James Brown 

Steering Committee 
Brno 25 January 2006 

Dissemination level Pu 
lans regarding further 
collaboration, dissemi-
nation and/or use of 
this deliverable 
 
 
 
 
 
 
 
 

The report is made available on the public website. 
Background information on assessing uncertainties in models has 
been published (or submitted for publication) in: 
  
- Brown, J.D. and Heuvelink G.B.M. (2005) Assessing uncertainty propa-
gation through physically based models of soil water flows and solute 
transport.  In Anderson, M.G. (ed.) The Encyclopedia of Hydrological 
Sciences, John Wiley and Sons, Chichester.   
- Refsgaard, J.C., van der Sluijs, J, Brown, J.D., and van der Keur, P. 
(2006) On the problem of dealing with uncertainty due to error in model 
structure.  Advances in Water Resources in press 
 
The report will also be disseminated on paper and electronically at 
relevant conferences. 
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D2.3 Uncertainty and Scaling in River Basin Models 
Deliverable number D2.3 
 
Deliverable   title Report on scale effects in uncertainty analysis of environmental data 

and models 
Author(s) James Brown, Gerard Heuvelink, Peter van der Keur, Jens 

Christian Refsgaard 
Abstract 
 
 
 
 

A report that provides some background information on the effects 
of scale and changes between scale on the uncertainties associated 
with environmental data and models.  The report provides an intro-
duction to scaling effects in data and models, followed by a sub-
stantial example in each case.   

Format 
 
 

A report of 30 pages comprising 5 sections with background mate-
rial and examples on accounting for scale effects in environmental 
data and models.   

Status First Draft (20-05-06) 
Review by Jens Christian Refsgaard (02-06-06) 
Final Draft (03-06-06) for comments by SC 
Final version (22-09-06) 

Review / QA process Reviewed formally by Jens Christian Refsgaard.  Placed on the 
internal website for review by other partners prior to approval. 

Approved WP leader 
Date : James Brown 

Steering Committee 
Brussels, 22-09-06 

Dissemination level Pu 
Plans regarding further 
collaboration, dissemi-
nation and/or use of 
this deliverable 
 
 
 
 
 
 

The report is available on the public website. 
Background information on assessing uncertainties in models has 
been published (or submitted for publication) in: 
  
Brown, J.D. and Heuvelink G.B.M. (2005) Assessing uncertainty propa-
gation through physically based models of soil water flows and solute 
transport.  In Anderson, M.G. (ed.) The Encyclopedia of Hydrological 
Sciences, John Wiley and Sons, Chichester.   
 
Van der Keur, P., Refsgaard, J.C Müller-Wohlfeil, D-I, and Brown, J.D. 
(submitted) Uncertainties in river basin data at various support scales: 
examples form the Odense Pilot River Basin.  Submitted to Hydrology 
and Earth System Sciences  
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D2.4 Uncertainty Software 
Deliverable number D2.4 
Deliverable title 
 

Software (including manual) that implements methodology for track-
ing propagation of uncertainties in river basin models 

Author(s) Brown J and Heuvelink GBM 
Abstract 
 

The software module delivered by the project is able to: 
1. Quantify the uncertainties associated with continuous numerical data, 

discrete numerical data and categorical data that vary in space and time 
with probability models.   

2. Generate a set of realisations of continuous numerical data, discrete 
numerical data and categorical data that vary in space and time under 
an assumption of statistical dependence in space and time and between 
variables.    

3. Generate realisations of uncertainty objects (positional uncertainty), 
with the option for statistical dependence in their component points. 

 
The software allows conditional sampling of model inputs for tracing the 
sources of uncertainty in model predictions within an ANOVA design (i.e. 
grouped realisations).  The documentation comprises two separate parts, 
namely: 
1. Online and printed documentation for supporting the use of the soft-

ware (user’s manual and online help). 
2. Online (html) documentation for supporting extensions to the source 

code of the software for use in other projects.  
Format 
 
 
 

A JAVA-based application for assessing uncertainties in data and for gen-
erating realisations of datasets for use in Monte Carlo studies, together with 
software manual.  Further guidance will be provided on sample design for 
tracing the sources of uncertainty in model predictions within an ANOVA 
design, in the form of a short written section (5pp) in deliverable D2.2. 

Status Version 3.0 complete and available on public website with User’s Manual. 
Review / QA process The software is programmed in JAVA and documented according to the 

JAVA 2 Platform API in html format. See 
http://java.sun.com/j2se/javadoc/reference/docs .  
The user’s manual follows QA guidelines.  Project members have tested 
the software and manual internally, and will continue to do so during the 
case studies.  Their comments have been incorporated in an improved de-
sign and will continue to be incorporated during the case studies.  
QA dedicated manager: Jens Christian Refsgaard  
WP leader: 
October 2005, James Brown 

QA dedicated manager: 
October 2005, Jens Christian 
Refsgaard 

Approved 

Steering Committee: November 2005 
Dissemination level Public 
Plans regarding further 
collaboration, dissemi-
nation and/or use of this 
deliverable 
 
 
 

The software has been described in a peer-reviewed scientific publications 
and disseminated at conferences in 2005/6.  We are actively pursuing fund-
ing opportunities for extending the software and linking it to an ‘open 
modelling interface’ (such as OpenMI) for ease of use in future.   
Heuvelink, G.B.M and Brown, J.D. (2005) Handling spatial uncertainty in 
GIS: development of the Data Uncertainty Engine (DUE).  Keynote pres-
entation at GISPlanet 2005, May 30 – June 2, Lisboa, Portugal.   
Brown, J.D. and Heuvelink, G.B.M. The Data Uncertainty Engine (DUE): 
a software tool for assessing uncertainties in data and models.  Submitted 
to Computers and Geosciences 
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WP3: INTEGRATION OF HYDROLOGY, ECOLOGY AND SOCIO-ECONOMY INTO A 
CONCEPT FOR SUPPORTING DECISION MAKING UNDER UNCERTAINTY 

D3.1 Uncertainty in Economic Data and Analysis 
Deliverable number D3.1 
Deliverable title 
 

Guidelines for the assessment of uncertainty of the data to be included 
in the economic analysis 

Author(s) Klauer B, Sigel K, Mysiak J, Brouwer R 
Abstract 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The “economic analysis” is a technical term of the WFD. The directive 
requires the economic analysis in order to provide above all the economic 
data necessary to implement the cost recovery principle and to support the 
selection of measures.  
The Chapter 10 “Socio-economic data in river basin management” the 
“Guidelines for assessing data uncertainty” comprises the findings of a 
literature review and inquiry of statistical offices about uncertainties in 
socio-economic data. An important result is that no quantitative informa-
tion about the uncertainties is available in literature. Nevertheless, there is 
a high awareness of the main sources of uncertainty.  
The main objective of the report “Uncertainties in the economic analysis of 
the European Water Framework Directive” is to identify, classify and as-
sess some of the main uncertainties surrounding the economic analysis in 
the WFD, i.e. the economic characterization of river basin districts, the 
identification and construction of a baseline scenario, the selection of a 
cost-effective programme of measures and the cost recovery of water ser-
vices. This is done based upon practical examples derived from the imple-
mentation of the WFD.  

Format 
 
 
 

• Chapter 10 “Socio-economic data in river basin management” by 
Klauer/Mysiak/Sigel in van Loon/Refsgaard “Guidelines for assessing 
data uncertainty” 

• Scientific report “Uncertainties in the economic analysis of the Euro-
pean Water Framework Directive” by Brouwer published with report 
number E05-03 at the Vrije Universiteit Amsterdam.  

Status Completed by September 2005 
Review / QA process The guidelines will be in form of scientific papers. Responsible person is 

responsible for content of paper, particularly scientific soundness and 
proper use of language. QA manager is at least one other person to read the 
papers.  
Coordinating scientist Bernd Klauer.  
QA dedicated manager: Michiel Blind (report), Jens Christian Refsgaard 
(Guideline chapter) 
WP leader: 
October 2005, Bernd Klauer 

QA dedicated manager: 
October 2005, Michiel Blind, Jens 
Christian Refsgaard 

Approved 

Steering Committee: November 2005 
Dissemination level Public 
Plans regarding further 
collaboration, dissemi-
nation and/or use of this 
deliverable 

The report is available on the public website. 
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D3.2 Benchmarking of Guidelines for Decision Support 
Deliverable number D3.2 
Deliverable title 
 

Benchmarking of Guidelines for the selection of an appropriate deci-
sion support method 

Author(s) Klauer B and Mysiak J 
Abstract 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Multicriteria decision analysis has become an important tool to deal with 
complex decision problems in environmental and natural resource man-
agement which involve a number of conflicting objectives and a variety of 
stakeholders. Despite their popularity the choice of one from the variety of 
available multicriteria methods is not straightforward. Different methods 
may yield different results and therefore selection of a method may signifi-
cantly influence the decision.  
A number of experiments have been carried out to compare the results 
obtained from different multicriteria methods when applied to the same 
decision problem. The results of experiments are analysed and the underly-
ing multicriteria methods are compared. It is shown that although some 
experiments yield partly equivocal results almost all of them recommended 
the use of two or more multicriteria methods when dealing with a complex 
decision problem. This multimethod multicriteria application may be un-
derstood as a kind of validation practice which reaches far behind the nor-
mal way the sensitivity analysis is carried out and by which the decision 
maker is allowed to revise the preferences and judgements previously elic-
ited by the method.  

Format 
 

Journal paper on the comparison of different multicriteria methods defini-
tions on uncertainty. The paper helps to select decision support methods. 

Status Completed by September 2005 
Review / QA process The guidelines will be in form of a scientific paper. Responsible person is 

responsible for content of paper, particularly scientific soundness and 
proper use of language. QA manager is at least one other person to read the 
papers. 
Responsible scientist: Jaro Mysiak 
QA dedicated manager: James Brown 
WP leader: 
October 2005, Bernd Klauer 

QA dedicated manager: 
October 2005, James Brown 

Approved 

Steering Committee: November 2005 
Dissemination level Public 
Plans regarding further 
collaboration, dissemi-
nation and/or use of this 
deliverable 

The report is available at the project website. 
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D3.3 Concept for integrating Socio-economic Information 
Deliverable number D3.3 
 
Deliverable   title 
 

Concept for integrating uncertain hydrological, ecological and socio-
economic information into a decision support system for river basin 
management 

Author(s) B. Klauer UFZ, Mike Dunbar CEH, James Brown, UVA, Thomas 
Petersen, University of Heidelberg 

Abstract 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The analysis of the implementation process as proposed by the 
WFD and its guidance documents is the starting point for any pro-
posals of decision support concepts that take uncertainty into ac-
count. Our focus is (as mentioned above) on the decision making 
problem of selecting management measures to be included in the 
programme of measures.  
The basis for the analysis of the decision making processes and the 
involved uncertainties is a differentiated understanding of the terms 
risk, uncertainty and ignorance that emphasises the importance of 
qualitative uncertainties. 
It is the goal of the HarmoniRiB case studies to apply the decision 
support concept to real water resource management problems. For 
this, guidelines on how to structure the decision making process in 
the case studies and how to handle uncertainties in the decision 
making for setting up the programme of measures need to be de-
veloped. 

Format 
 
 
 

Report comprising: 
• Journal-paper on definitions on uncertainty which is a first and 

important step for conceptualising the decision support in river 
basin management. 

• Guideline paper for the case studies that includes the following 
steps: framing the decision making problem, set up list of po-
tential measures, set up a multicriteria matrix, collection of cost 
data and information on involved uncertainty, application of 
cost-effectiveness analysis.  

• Scientific paper that reviews WFD and CIS-guidance docu-
ments with respect to the question of how the state can bear re-
sponsibility under conditions of uncertainty, ignorance and 
complexity.  

Status Completed by September 2006 
Review / QA process published 
Approved  WP leader 

Date : Bernd Klauer 
Steering Committee 
Date: Brussels September 2006 

Dissemination level Pu 
Plans regarding further 
collaboration, dissemi-
nation and/or use of 
this deliverable 

The report is available at the project website. Research in this area 
lies directly along the lines of research that is ongoing and planned 
as a part of the UFZ-scientific programme “Sustainable use of 
landscapes”. Considerable budget of the UFZ will be spent to pro-
mote this research theme. Co-operations with universities will be 
developed. 
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4. WP4: DATABASE DESIGN 

D4.1 Design Document 
Deliverable number D4.1 
Deliverable title The specification of the conceptual model 
Author Moore RV 
Abstract 
 
 
 
 

The purpose of this specification is to set out the conceptual and physical 
design of the HarmoniRiB database and is the main deliverable of the Da-
tabase Design Work Package Number 4 (WP4). The designs have been 
developed from the needs expressed in Chapter 11 of the HarmoniRiB 
Requirements Report and have formed the input to the Database Develop-
ment Work Package Number 5. 
The overall aim of the HarmoniRiB database system is to enable the Har-
moniRIB Data Centre to receive, quality control, store and make available 
the representative basin data to be assembled by the project. These data 
will cover a wide range of water related topics but will mainly take the 
form of site descriptions and time series records. They will also include 
spatial data describing site locations, networks and variables such as land 
use or elevation.  Ideally, the design  should be able to handle any data 
required in the implementation of the WFD.  
The main innovative requirement of the database design is that it should be 
able to record appropriate measures of the uncertainty associated with each 
data value.  

Format A report published on the web 
Status The first version was completed and uploaded to public website in October 

2003. Subsequent versions have been prepared and uploaded in response to 
the evolving requirements in the project. 

Review /QA process The document has been extensively reviewed and modified after discus-
sions with other partners, primarily the partners responsible for developing 
the software (WP4 – DHI), the partner responsible for managing the data-
base (WP6 – IRSA) and the partner responsible for developing the uncer-
tainty methodology and software (WP2 – UVA). 
Furthermore, an external review of the Database Design document was 
conducted by the HarmoniRiB external review team at the Albecete meet-
ing in May 2003. Written comments were prepared in response and, where 
appropriate, acted upon. 
WP leader: 
August 2005, Roger V. Moore 

QA dedicated manager: 
August 2005, Thomas Bech 

Approved (final ver-
sion) 

Steering Committee: Hørsholm, September 23, 2005 
Dissemination level Public 
Plans regarding further 
collaboration, dissemi-
nation and/or use of this 
deliverable 
 
 

The report is made available on the public web site. 
 
CEH is collaborating with DHI to continue the design and implementation 
of the database design. CEH has given DHI a small contract of GBP35,000 
under the AWQARD project for this purpose.  
 
CEH and DHI are discussing the production of a business plan for the 
commercialisation of the database. DHI will seek to utilise the system in 
commercial contracts, where feasible. 
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D4.2 Specification of Upgrades to Database Software 
Deliverable number D4.2 
Deliverable title The specification of upgrades to the database software 
Author Moore RV 
Abstract 
 
 
 
 
 
 
 

The facilities for setting up, administering, configuring and loading data 
were based on existing software developed for a CEH system. This VB 
system, which stores its data in MS-Access, was upgraded to meet the 
HarmoniRiB requirements and provided to DHI as the prototype for the 
HarmoniRiB system. 
 
DHI then developed the operational HarmoniRiB software in C# using 
Oracle to deliver the same functionality but with greatly enhanced per-
formance and reliability. The code was tested first by DHI and by IRSA 
before release for operational use. 
 
The resources have not allowed the development of a GUI and therefore an 
SQL Guide has been written covering most of the retrieval activities 
needed by users and programmers. 
 

Format 
 

Prototype VB6 programs. 
The written material “Querying the HRIB database using SQL” is merged 
together with the deliverables D5.3 and D6.4, which are  available on the 
web. 

Status Completed by Month 30 
 

Review / QA process All the prototype code was reviewed by DHI in program walk throughs. 
WP leader: 
August 2005, Roger V. Moore 

QA dedicated manager: 
August 2005, Thomas Bech 

Approved 

Steering Committee: Hørsholm, September 23, 2005 
Dissemination level Public 
Plans regarding further 
collaboration, dissemi-
nation and/or use of this 
deliverable 

The written material is available at the public website under the deliver-
ables D5.3 and D6.4. 
 
See D4.1 
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D4.3 Specification of Object Model 
Deliverable number D4.3 
Deliverable title The specification of the Object Model 
Author The HarmonIT project 
Abstract 
 
 
 

The objective of the object model was to have been to provide program-
matic access to the database. However, this activity was overtaken by 
events in the related HarmonIT project which has developed the Open 
Modelling Interface and Environment (the OpenMI.). The OpenMI Inter-
face is designed to allow models to exchange information at run time and 
hence allow process interactions to be simulated more realistically. In this 
context, there is little difference between a model and a database, which 
can be seen as just another data source. Hence the OpenMI can also be 
used to exchange data between models and databases. 
 
The OpenMI has so far been very successful and stands a good chance of 
becoming a European standard. It has been tested on databases in Har-
monIT and been shown to work, though further work is still required. 
Therefore HarmoniRiB has decided to adopt the OpenMI approach. 
 
The resource that this decision released has been used to complete the large 
amount of additional work generate by the requirement to store uncertainty 
information. 
 

Format 
 

An interface specification published on the web is available at 
www.HarmonIT.org  and www.OpenMI.org. // should be the chapter on 
linkage to databases from the OpenMI manuals 

Status Completed in September 2004 
Review /QA process The QA criterion is that WP5 must be able to work with the report. 

WP leader: 
August 2005, Roger V. Moore 

QA dedicated manager: 
August 2005, Thomas Bech 

Approved 

Steering Committee: Hørsholm, September 23, 2005 
Dissemination level Public 
Plans regarding further 
collaboration, dissemi-
nation and/or use of this 
deliverable 
 

HarmoniRiB and HarmonIT have collaborated during both projects dura-
tion. HarmoniRiB has provide feedback to HarmonIT on the effectiveness 
of the OpenMI for database access. 
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WP5: DATABASE SYSTEM DEVELOPMENT 

D5.1 Database Software 
Deliverable number D5.1 
Deliverable title 
 

The database software upgraded, installed and two empty databases 
set up at the Data Centre ready to receive HarmoniRiB data 

Authors Thomas Bech and Mario T. Sales 
Abstract 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The database and the supporting software has been developed and installed 
at the data centre.  
 
The database software implements a prioritised subset of the requirements 
outlined in the HarmoniRiB requirement report. The requirements can be 
categorised in the following groups: 
• Data model requirements.  
• Database creation and initialisation 
• Database administration 
• Input of data (Data load) 
• Data output (query, retrieval and presentation) 
 
The HarmoniRiB requirement report outlines an extensive set of require-
ments on querying, retrieval and data presentation. Due to budget and time 
constraints, it has been necessary to lower the level of ambition. As a con-
sequence, a written guide on querying the database using SQL, has been 
delivered. The guide is accompanied by a data catalogue delivered by 
WP6.  
 

Format 
 
 
 

In addition to the software physically installed at the data centre, the fol-
lowing is available for future use: 
• Guide on installation of ORACLE and ArcSDE 
• Source code for the database software (source code written in C#) 
• The written guide on querying the database using SQL is merged to-

gether with the deliverables D5.3 and  D6.4.  
 

Status Completed.  
Review / QA process The leaders of WP4, WP6 and WP9 are responsible for reviewing Deliver-

able D5.1.  
• The WP4 leader will review ensure that the software has been devel-

oped according to the specifications delivered by WP4 
• The WP6 leader will confirm that the software provides the functional-

ity necessary for the data centre to operate the database efficiently 
• The WP9 leader will confirm that the database software contains the 

functionality necessary to fulfil the overall project objectives. 
The WP4 leader is the overall responsible for the QA process. 
WP leader: 
October 2005, Thomas Bech 

QA dedicated manager: 
October 2005, Roger V. Moore 

Approved 

Steering Committee: November 2005 
Dissemination level Restricted 
Plans regarding further 
collaboration, dissemi-
nation and/or use of this 
deliverable 

DHI will continue development work in collaboration with CEH. CEH has 
awarded a 35.000 GBP contract to DHI in order to continue the work.  
DHI will seek to utilise the system in commercial contracts, where feasible.  
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D5.2 Object Model 
Deliverable number D5.2 
Deliverable title 
 

The Object Model 

Content 
 
 

Due to time and budget constraints, it will not be possible to implement an 
OpenMI compliant interface within the framework of the HarmoniRiB 
project. 
 

Format 
 
 

- 

Expected delivery date Not delivered 
WP leader: 
April 2005, Thomas Bech 

QA dedicated manager: 
April 2005, Roger V. Moore 

Approved 

Steering Committee: Hørsholm, September 23, 2005 
Dissemination level N/A 
Plans regarding further 
collaboration, dissemi-
nation and/or use of this 
deliverable 
 

- 
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D5.3 Training 

Deliverable number D5.3 
Deliverable title 
 

Training for the Data Centre and partner staff 

Author(s) Thomas Bech, DHI Water & Environment 
Abstract 
 
 
 
 
 
 

Training for the data centre staff has included training on: 
• The data model implemented by the database 
• Using the database administration tools 
• Preparation of files to be loaded into the database 
• Operating the data loader  
• Troubleshooting erroneous data files  
• Querying the database using SQL 
 
Training for the partners has included: 
• Preparation of data files to be loaded into the database 
• Querying the database using SQL 

Format 
 
 
 

The following has been provided: 
• Oral presentations 
• Hands on training sessions  
• Written guidelines, examples and exercises. 

Status Completed 
Review / QA process The leaders of WP6 and WP9 are responsible for reviewing deliverable 

D5.3: 
• The WP6 leader will assure that the training provided is sufficient to 

allow the data centre to complete their tasks.  
• The WP9 leader will assure that training provided is sufficient to fulfil 

the overall project objectives.  
The project coordinator is overall responsible for QA 
 

Approved WP leader: 
October 2005, Thomas Bech 

QA dedicated manager: 
November 2005, Jens Chr. 
Refsgaard 

 Steering Committee: November 2005 
Dissemination level Public 
Plans regarding further 
collaboration, dissemi-
nation and/or use of this 
deliverable 
 

None. 
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D5.4 Maintenance 

Deliverable number D5.4 
Deliverable title 
 

Maintenance service 

Preliminary materials 
and expected final con-
tent  
 

This deliverable includes assistance to the data centre and partners from 
DHI on operating and troubleshooting of the database. Critical bugs in the 
software reported by the partners or the data centre will be fixed.  

Expected final Format 
 
 

No physical deliverable as such, apart from any necessary modifications to 
the database software as a result of bug-fixing.  

Status Completed by September 2006 
Review / QA process There will be no formal review of this activity. 

WP leader: 
Thomas Bech 

QA dedicated manager: 
Jens Christian Refsgaard 

Approved 

Steering Committee: Brussels September 2006 
Dissemination level Public 
Plans regarding further 
collaboration, dissemi-
nation and/or use of this 
deliverable 
 

No plans currently exist.  
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WP6: DATASETS FROM REPRESENTATIVE RIVER BASINS 

D6.1 Beta Version of Database with River Basin Data 
Deliverable number D6.1 
Deliverable title 
 

Web site with river basin database (beta version) 

Authors Passarella G, Barca E, Vurro M 
Abstract The website represents a sort of public gate to access the HRiB Data Base 

to be used by many peoples with different interests and purposes, it is real-
ized as a very easy and friendly interface for a concurrent access to the 
Project Data Base. After an initial login page where a username and a 
password is required, the partners and visitors are allowed to follow the 
uploading or downloading pathway strictly related to its own access level. 
As for the actual Project Data Base, the website is hosted at the HRiB Data 
Centre.  
This deliverable is a beta version since it requires a very long test period. 
The beta version can be made available to external users for research pur-
poses upon specific request, provided that the external user acknowledges 
that the data are not yet final and complete and therefore may include defi-
ciencies. 
 

Format 
 
 
 

The format is a web site where partners are connecting and are able to up-
load and retrieve the desired data. The web is the front end of a DataBase 
build as described in D5.1 Database Software  

Status Completed in September 2005 
Review / QA process Data Center staff did all the tests to prove the functionality of the DB 

The DB receives data from partners via web and retrieves it. 
Responsible scientist: Michele Vurro 
QA dedicated manager: Jens Christian Refsgaard 
WP leader: 
October 2005, Michele Vurro 

QA dedicated manager: 
October 2005, Jens Chr. Refsgaard 

Approved 

Steering Committee: November 2005 
Dissemination level Public 
Plans regarding further 
collaboration, dissemi-
nation and/or use of this 
deliverable 
 
 
 

The value of this deliverable grows as the time span it exists increases. The 
risk therefore is that the database ceases to grow or be maintained after the 
project ends.  
 
The river basin network comprises basins from several countries in order to 
have a sufficient degree of European representativeness required to prove 
useful as a virtual laboratory and therefore this deliverable may support the 
implementation of the WFD. 
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D6.2 Beta Version of Guidelines for Database Use 
Deliverable number D6.2 
Deliverable title Guidelines for database use (beta-version) 
Authors Passarella G, Barca E 
Contents 
 
 
 

The report will include the following content: 
1. Introduction 
1.1 Purpose  
1.2 Contents of this guide  
1.3 Assumptions  
2. System overview  
3. Database concepts  
3.1 Introduction  
3.2 Databases  
3.3 Log in sessions  
3.4 Projects  
3.5 Users  
3.6 Data resources  
3.7 Data dictionaries  
3.8 How objects are created 
3.9 From the Cube to how data are actually stored 
3.10 Finding data in the Cube  
4. File Formats  
4.1 Format  options  
4.2 CSV Files  
4.3 ESRI Shape Files  
5. Upload and load data  
5.1 Website  
5.2 Validation and loading  
6. Retrieving data  
6.1 The WEB Application  
6.2 Querying the HRIB database USING SQL 

Format The format is  a draft version of the D6.4 report  
Status Completed  
Review / QA process Guidelines and recommendations is delivered to the different data pro-

viders for testing and use. This leads to usability comments which are 
used for improvement of the deliverable. 
Responsible scientist: Giuseppe Passarella 
QA dedicated manager: Roger Moore 
WP leader: 
October 2005, Giuseppe Passarella

QA dedicated manager: 
October 2005, Roger V. Moore 

Approved 

Steering Committee: November 2005 
Dissemination level Public 
Plans regarding further 
collaboration, dissemi-
nation and/or use of this 
deliverable 
 
 
 
 

The final report version is available at the project website as 
deliverable D6.4. The report is delivered to the different data providers as 
well as to other actual and potential users and it will be the product of the 
collaboration in close contact with the various data providers (river au-
thorities, hydro-meteorological services, administrators and municipali-
ties), as well as with final users (when different from data providers). 
The report will be useful for research organisations which consider to use 
datasets from the HarmoniRiB river basin network for future research. 
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D6.3 Database with River Basin Data 
Deliverable number D6.3 
Deliverable title HarmoniRiB River Basin Documentation 
Authors Chapter 1 – Introduction: G. Passarella, Water Research Institute  of the 

National Research Council, Bari - Italy (CNR-IRSA). 
Chapter 2 -  Svratka River Basin, P. Biza, Povodi Moravy, (Morava River 
Basin Administration), Brno, Czech Republic. 
Chapter 3 – Weisse-Elster River Basin: M. Rode & G. Wenk 
Centre for Environmental Research, Leipzig-Halle, Magdeburg, Germany 
(UFZ). 
Chapter 4 – Odense River Basin: P. van der Keur, D.I. Müller Wohlfeil, 
E. Haarder & J.C. Refsgaard, Geological Survey of Denmark and 
Greenland, Copenhagen, Denmark (GEUS). 
Chapter 5 – Jucar River Basin, D. Sanz & G. Castilla, Universidad de 
Castilla-La Mancha, Albacete, Spain (UCLM). 
Chapter 6 – Geropotamou River basin, I.K. Tsanis, A.G. Koutroulis & 
I.N. Daliakopoulos, Technical University of Crete, Chania, Greece 
(TUC). 
Chapter 7 – Candelaro River Basin, E. Barca, G. Passarella, R. Lo Presti, 
R. Masciale & M. Vurro, Water Research Institute of the National 
Research Council, Bari, Italy (CNR-IRSA). 
Chapter 8 – Vecht River Basin, R. Bijlsma and M. Blind, Institute of 
Inland Water Management and Waste Water Treatment (RIZA), Lely-
stad, The Netherlands  
Chapter 9 -  Thames-Kennet River Basin, Roger V. Moore, Centre for 
Ecology and Hydrology, Wallingford, United Kingdom (CEH). 

Summary 
 
 
 
 

One of the main objective of HarmoniRiB is to provide well documented data-
sets, suitable for studying the influence of uncertainty on management decisions 
for a network of representative river basins and to provide examples of their use 
in the development of integrated water management plans.  
The web site will contain all datasets from the eight river basins together with the 
information on assessed uncertainties of the different data (time-series, spatial, 
space and time, etc.). Data is publicly accessible and can be used by European 
scientists and end-users to assess the appropriateness of models and other 
tools.In addition to the data this deliverable includes a report documenting the 
data and the assumptions made during the uncertainty assessments. This report 
include one chapter for each of the river basins. 

Final Format 
 
 
 

The expected format will be a web site where future users will connect and be 
able to retrieve the desired data after having signed a data license agreement. 
In addition the River Basin Data Report documents the data and the assumptions 
made during the uncertainty assessments. This report include one chapter for 
each of the river basins. 

Status Completed by November 2006 
Review / QA process The number of people visiting the Web site and number of data requests 

will be indicators for the quality.  
Responsible scientist: Giuseppe Passarella 
QA dedicated manager: Thomas Bech 
WP leader: 
Giuseppe Passarella 

QA dedicated manager: 
Thomas Bech 

Approved 

Steering Committee: November 2006 
Dissemination level Public 
Plans regarding further 
collaboration, dissemi-
nation and/or use of this 
deliverable 

The EEA has promised to sustain the HarmoniRiB database beyond the 
project duration. Negotiations is ongoing between the Coordinator of 
HRIB and EEA.  
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D6.4 Guidelines for Database Use 

Deliverable number D6.4 
Deliverable title 
 

Guidelines for database use (final version) 

Authors G. Passarella, E. Barca, M. Vurro, T. Bech, MT. Sales,  RV Moore 
Final Content 
 
 

This report contain the final version of D6.2 

Final Format 
 

A report of 304 pages 

Status Completed by May 2006 
Review / QA process The document is uploaded on QP. The Guidelines has been used by all 

partners and comments have being taken into account. Number of 
downloads will indicate number of users. 
 
Responsible scientist: Giuseppe Passarella 
QA dedicated manager: Roger Moore 
WP leader: 
Giuseppe Passarella 

QA dedicated manager: 
Roger V. Moore 

Approved 

Steering Committee: Novemberr 2006 
Dissemination level Public 
Plans regarding further 
collaboration, dissemi-
nation and/or use of this 
deliverable 
 

See D6.2. 
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WP7: DEMONSTRATION – INTEGRATED  STUDIES 

D7.1 Jucar Case study  
Deliverable number D7.1 
Deliverable title 
 

Uncertainty assessment on the quantitative status of the Mancha Oriental 
Aquifer, Jucar River basin, Spain 

Authors Davis Sanz and Guillermo Castilla 
Summary 
 
 
 
 
 
 
 
 
 
 

This case study illustrates how a qualitative uncertainty assessment of an 
issue relevant for Water Framework Directive (WFD) implementation 
may be carried out. In particular, this study assesses qualitatively the 
uncertainties involved in the estimation of the two factors that determine 
the assignment of good or bad (quantitative) status to a groundwater 
(GW) body, namely the available resource and the total abstraction. For 
each factor, the sources of uncertainty affecting the individual elements 
(parameters, variables or models) from which they are estimated are stud-
ied separately. Each uncertainty source is briefly described, including its 
relative importance, its relation with the variable(s) affected, its synergies 
with other sources, and possible measures to reduce it. The subject of 
study is the Mancha Oriental Aquifer (MOA), Jucar River Basin Disctrict 
(RBD), Spain. MOA is the largest GW body within the Jucar RBD (20% 
of total area, i.e. some 8,000 km2), and is a nice example of the chal-
lenges that irrigation agriculture poses for sustainable water management 
in Mediterranean basins. 
 

Final Format 
 
 

Report (digital) 
Possibly scientific papers 

Status Completed by September 2006 
Review / QA process Scientist in charge: Salomon Montesinos, QA Manager: Michiel Blind 

 
WP leader:  
M. Blind 

QA dedicated manager: 
M Blind 

Approved 

Steering Committee:  November 2006 
Dissemination level Public 
Plans regarding further 
collaboration, dissemi-
nation and/or use of this 
deliverable 
 

The report is available at the project website (www.harmonirib.com). 
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D7.2 Weisse Elster case study 
Deliverable number D7.2 
Deliverable title 
 

Weisse Elster case study 

Author(s) Michael Rode, Gerald Wenk, Dierk Wagenschein (UFZ) 
Summary 
 
 
 
 
 
 
 
 
 
 
 

The Weisse Elster study dealt with the effects of uncertainty on nutrient 
emissions. The effectiveness of various measures targeting points 
sources, land use practices and morphological changes were analysed. 
The models utilized were quite complex (SWAT, WASP5), and not all 
uncertainties were taken into account. Special attention was given to un-
certainties in precipitation, both systematic and random. Input data uncer-
tainty analysis showed that systematic rainfall measurement errors can 
have considerable impact on simulated discharge as well as simulated 
nitrogen load. A careful consideration of random point measurement pre-
cipitation errors is necessary only if a small number of precipitation sta-
tions (< 10) are included in the study. 
 
With respect to the river water quality model, the authors conclude that 
the model parameter uncertainties are much more important than the in-
put data uncertainties. Parameter uncertainties were high and sometimes 
larger than the effect of the investigated river restoration management 
scenarios on nutrient concentrations. The uncertainties of the boundary 
conditions had lower impact on nitrate concentrations compared to NH4-
N and PO4-P concentrations. 
 

Final Format 
 
 

Report (digital) 
Possibly scientific papers 

Status Completed by November 2006 
Review / QA process Scientist in charge: Michael Rode; QA Manager: Michiel Blind 

WP leader: 
M. Blind 

QA dedicated manager: 
M. Blind 

Approved 

Steering Committee: November 2006 
Dissemination level Public 
Plans regarding further 
collaboration, dissemi-
nation and/or use of this 
deliverable 
 

The report is available at the project website (www.harmonirib.com). 
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D7.3 Kennet case study 
Deliverable number D7.3 
Deliverable title 
 

The Kennet Catchment Case Study in HarmoniRiB 

Authors Michael Dunbar and Tracey Goodwin 
Summary 
 
 
 
 
 
 
 
 
 
 
 

The study has highlighted the difficulties in preparing good quality time 
series of historical flows and abstractions at ungauged sites, even when 
relatively comprehensive data are available to start with. The study has 
resulted in a new approach for the integration of uncertain physical pres-
sure and biological response data which could be applied in other con-
texts. Although the relationships between historical flows and the LIFE 
score were clear, it was not possible to demonstrate a link to abstraction 
data as well. Several factors may have contributed to this, particularly the 
small number of sites used in the study. 

Final Format 
 
 

Report (digital) 
Possibly scientific papers 

Status Completed by November 2006 
Review / QA process Scientist in charge: Michael Rode; QA Manager: Michiel Blind 

WP leader: 
M. Blind 

QA dedicated manager: 
M. Blind 

Approved 

Steering Committee: November 2006  
Dissemination level Public 
Plans regarding further 
collaboration, dissemi-
nation and/or use of this 
deliverable 
 

The report is available at the project website (www.harmonirib.com). 
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 D7.4 Vecht case study 

Deliverable number D7.4 
Deliverable title 
 

Uncertainty assessment on the nutrient concentration in the Regge catch-
ment, Vecht River basin, the Netherlands  

Authors Rianne Bijlsma, Piet Groenendijk, P. Boers and Michiel Blind 
Final Content 
 
 
 
 
 
 
 
 
 
 
 

The report describes the influence of data and parameter uncer-
tainty on the effects of alternative measures aimed at reducing the 
nutrient concentration in the surface water. The study is limited to 
the Regge catchment, which is a subcatchment of the Vecht. The 
model selected is NL-CAT. The influence of uncertainty in five 
selected input data/ parameters is assessed for the summer averaged 
phosphorus and nitrogen concentration for the outflow point of the 
Regge catchment. In addition, the economic costs of the measures, 
their side effect, public support and acceptance by Brussels are 
assessed, including corresponding uncertainties.  
 

Final Format 
 
 

Report (digital) 
Scientific paper 

Status Completed by November 2006 

Review / QA process Scientist in charge: Michiel Blind; QA Manager: JC Refsgaard 
WP leader: 
M. Blind 

QA dedicated manager: 
JC Refsgaard 

Approved 

Steering Committee: November 2006 
Dissemination level Public 
Plans regarding further 
collaboration, dissemi-
nation and/or use of this 
deliverable 
 

The report is available at the project website (www.harmonirib.com) 
. 
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D7.5 Svratka case study 
Deliverable number D7.5 
Deliverable title 
 

Svratka river case study 

Authors Pavel Biza, David Fina and Milos Stary 
Summary 
 
 
 
 
 
 
 
 

The Svratka case study is focused on assessing the uncertainty involved 
in the calculation of flood flows and in the hydrological data regarding 
extreme discharges in the river and the establishment of the of the flood 
overflows in connection with the economic assessment of the future pro-
posals of flood protection measures.. The uncertainty of the one hundred 
year flood was evaluated, regarding the maximum discharge and wave 
volume, the maximum depth reached in the river channel, extension of 
the flooded area and resulting damages to property. 

Final Format 
 
 

Report (digital) 
Possibly scientific paper 

Status Completed by September 2006 
Review / QA process Scientist in charge: Pavel Biza; QA Manager: Michiel Blind 

WP leader: 
M. Blind 

QA dedicated manager: 
M. Blind 

Approved 

Steering Committee: November 2006  
Dissemination level Public 
Plans regarding further 
collaboration, dissemi-
nation and/or use of this 
deliverable 
 

The report is available at the project website (www.harmonirib.com). 
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D7.6 Candelaro case study 
Deliverable number D7.6 
Deliverable title 
 

Candelaro River Basin, Italy - A HarmoniRiB Case Study 

Authors Giullermo Passarella, Emanuele Barca, Rossella Lo Presti, Rita Masciale 
and Michele Vurro  

Summary 
 
 
 
 
 
 
 
 
 
 

The main objective of the Candelaro Case study was to collect, organise 
and provide a well documented dataset, suitable for studying the influ-
ence of uncertainty on management decisions and to apply it in the de-
velopment of an integrated water management plan. 
   In order to process this dataset, which is now publicly available, IRSA 
applied the methodology and tools provided by HarmoniRiB. This way, 
the uncertainty originating from data and models used in decision making 
processes was assessed and described in order to be integrated into a de-
cision support concept applicable for implementation of the WFD. 
   IRSA applied the conceptual model for data management produced by 
HarmoniRiB in order to evaluate its ability to handle uncertain data. The 
Candelaro Case Study is focused on the severe groundwater resources 
availability problems faced in the semi-arid watershed of Candelaro 
stream in Apulia Region, Italy.  
   Providing a set of deliverables including this Case study report,    IRSA 
assisted HarmoniRiB in its attempt to improve the understanding and 
assessment of uncertainty for the purpose of providing more robust inte-
grated water management plans under the implementation of the WFD. 
 

Final Format 
 
 

Report (digital) 
Possibly scientific papers 

Status Completed by November 2006 
Review / QA process Scientist in charge: Giuseppe Passarella; QA Manager: Michiel Blind 

WP leader: 
M. Blind 

QA dedicated manager: 
M. Blind 

Approved 

Steering Committee: November 2006 
Dissemination level Public 
Plans regarding further 
collaboration, dissemi-
nation and/or use of this 
deliverable 
 

The report is available at the project website (www.harmonirib.com). 
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D7.7 Odense case study 
Deliverable number D7.7 
Deliverable title 
 

The Odense River Basin Case Study in HarmoniRiB – Strategy and 
Methodology 

Authors Peter van der Keur and Jens Christian Refsgaard 
Summary 
 
 
 
 
 
 
 
 
 
 
 

Uncertainty in model parameters for the unsaturated component in a 
linked rootzone- and groundwater model was assessed for the Odense 
catchment. The uncertainty analysis focussed on the rootzone model be-
ing of crucial importance for the right paramerisation of land manage-
ment and soil physical properties. This is achieved by simulating water- 
and solute transport through the rootzone using the DAISY model. In 
order to make an uncertainty analysis viable an original distributed model 
DAISY/MIKE-SHE must be simplified. This is achieved by reducing the 
number of climate stations, soil types and land management practices. 
The primary data used for the uncertainty assessment is plot- scale vari-
ability of textural composition and land management. The plot scale vari-
ability is used for a rootzone model parameter uncertainty analysis by 
generating parameter sets using Latin Hypercube Sampling technique. 
The results show a high sensitivity of the van Genuchten soil water re-
lease characteristics parameters for percolation and leaching. The amount 
of applied slurry has a relatively high sensitivity for leached nitrate from 
the rootzone.  
 
A method is proposed for the assessment of uncertainty at the scale of the 
Odense catchment. This method involves the selection of an appropriate 
number pedotransfer function for capturing the uncertainty of the soil 
water release characteristics parameters and unsaturated conductivity 
function parameters at the catchment scale rather than plot scale. An es-
timate of catchment scale variance of slurry application is used for gen-
eration of sets of DAISY parameters related to fertilizer settings. 

Final Format 
 
 

Report (digital) 
Possibly scientific papers 

Status Completed by November 2006 
Review / QA process Scientist in charge: Peter van der Keur; QA Manager: Michiel Blind 

WP leader: 
M. Blind 

QA dedicated manager: 
M. Blind 

Approved 

Steering Committee: November 2006  
Dissemination level Public 
Plans regarding further 
collaboration, dissemi-
nation and/or use of this 
deliverable 
 

The report is available at the project website (www.harmonirib.com). 
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D7.8 Geropotamou case study 
Deliverable number D7.8 
Deliverable title 
 

Geropotamou basin, Greece - A HarmoniRiB Case Study 

Authors Ioannis K.Tsanis, Aristeidis G. Koutroulis, Ioannis N. Daliakopoulos  
Final Content 
 
 
 
 
 
 
 
 
 
 
 

Geropotamou basin in Crete, Greece, faces a severe groundwater re-
sources problem due to the overexploitation of the aquifer. This environ-
mental issue calls for an immediate application of measures that will aim 
at both deterring the adverse effects of human activities but also have a 
positive environmental impact for the faster restoration of the ecosystem. 
In order to demonstrate the role of uncertainty in the decision making 
process an uncertainty analysis was undertaken for all measurements and 
models used in the Geropotamou Case Study. Following that, a socio-
economic analysis was conducted in order to evaluate the effectiveness of 
each measure. The results of the analysis show that a combination of 
measures can deal with the problem of groundwater over-exploitation. 
Specific effects on groundwater level by the year 2015 when the WFD is 
due to be implemented are presented.  

Final Format 
 
 

Report (digital) 
Scientific paper 

Status Completed in September 2006 
Review / QA process Scientist in charge: Ioannis Tsanis; QA Manager: Michiel Blind 

WP leader: 
M. Blind 

QA dedicated manager: 
M. Blind 

Approved 

Steering Committee: November 2006  
Dissemination level Public 
Plans regarding further 
collaboration, dissemi-
nation and/or use of this 
deliverable 
 

The report is available at the project website (www.harmonirib.com). 
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D7.9 Summary report 
Deliverable number D7.9 
Deliverable title 
 

Uncertainty in Integrated Water Resources Management. Lessons learned 
from HarmoniRiB 

Author(s) Michiel Blind + all project partners 
Summary 
 
 

The summary report will conclude on: 
 
Usefulness & appropriateness of methodologies 
Usefulness & appropriateness of software 
 
It will also compare different experiences in the case studies with respect 
to content, whenever possible. 

Expected or final Format 
 

Report 
Scientific paper 

Status Expected to be completed by August/September 2006 
Review / QA process TOC adopted in March’06, final report reviewed by all Case study lead-

ers. 
WP leader: 
Michiel Blind 

QA dedicated manager: 
JC Refsgaard 

Approved 

Steering Committee: November 2006 
Dissemination level Public 
Plans regarding further 
collaboration, dissemi-
nation and/or use of this 
deliverable 
 
 

The report is available at the project website. 
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WP8: DISSEMINATION 

D8.1 Public Website 
Deliverable number D8.1 
Deliverable title 
 

Website with communication to external users 

Author(s) Montesinos S 
Abstract 
 
 
 
 
 
 
 
 
 
 
 

www.harmonirib.com includes the following pages: 
Home: project overview in several languages. 
What is HarmoniRiB: context, objectives, work packages, etc. 
River basin network: Information on the river basins that constitute the 
project database. 
Partners: Information about the project Consortium. 
End-users: description of potential users of project results. 
Downloads: Project public files may be downloaded here. 
Events: Upcoming water-related events. 
Publications: list of scientific papers derived from the project. 
FAQs: Frequently Asked Questions on the project. 
Links: internet links of interest for project users. 

Format 
 

Internet website 

Status Operational from June 2003. 
Currently updated 

Review / QA process The website has been launched by UCLM and has been reviewed on 
regular basis by Steering Committee, during the SCMs. 
 
WP leader: 
September 2005, Salomón Montesi-
nos 

QA dedicated manager: 
September 2005,  
Jens Christian Refsgaard 

Approved 

Steering Committee: Hørsholm, September 23, 2005 
Dissemination level Public 
Plans regarding further 
collaboration, dissemi-
nation and/or use of this 
deliverable 
 

We are currently establishing a dialogue with HarmoniCA WP1 in order 
to ensure that at least part of the content of www.harmonirib.com will be 
available in the internet after the end of the project through the WISE-CE 
portal. 
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D8.2 Report on Data Use 
Deliverable number D8.2 
Deliverable title 
 

Report on responses from organisations delivering and organisations 
using the datasets 

Authors Salomón Montesinos, Guillermo Castilla and Thomas Bech  
Abstract 
 
 
 
 
 
 

Originally, this report was intended to summarise feedback received from 
the User Group, i.e. water authorities from the river basin network and 
possibly research institutions accessing the project database. Given the 
delay in some key deliverables, it has been decided that, in order to keep 
in with delivery plans stated in the 3rd Management Report, this report is 
based on responses to a questionnaire from internal users. These re-
sponses are compiled in a document that is presented during the 4th pro-
ject meeting (April 2005). 

Final Format 
 

Brief report, both in hardcopy and pdf. 

Status Completed by June 2006. 
Review / QA process Responsible scientist: Salomón Montesinos 

Dedicated QA manager Jens Christian Refsgaard 
WP leader: 
Salomón Montesinos 

QA dedicated manager: 
Jens Christian Refsgaard 

Approved 

Steering Committee: Brussels, September 2006 
Dissemination level Public 
Plans regarding further 
collaboration, dissemi-
nation and/or use of this 
deliverable 
 

The report is available on the public web site (www.harmonirib.com)  
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D8.3 Mid-term Report on Status of Exploitation and Final Plans 
Deliverable number D8.3 
Deliverable title 
 

Mid-term report on status of exploitation and final plans 

Author(s) Castilla G 
Abstract 
 
 
 

This reports describes the expected (after two years of implementation) 
final content, format and delivery date of each project deliverable; states 
plans regarding further collaboration, dissemination and/or use of those 
deliverables susceptible of being exploited; and outlines the plans of each 
Work Package from November 2004 till the expected end of project 
(March 2006). 
 

Format 
 

A report of 47 pages 

Status Completed by Month 26 
 

Review / QA process Every WP leader reviewed and agreed to the content related to his/her 
workpackage. 
Responsible scientist : Salomón Montesinos 
Dedicated QA manager Jens Christian Refsgaard 

Approved WP leader: 
September 2005, Salomón Montesi-
nos 

QA dedicated manager: 
September 2005,  
Jens Christian Refsgaard 

 Steering Committee: Hørsholm, September 23, 2005 
Dissemination level Public 
Plans regarding further 
collaboration, dissemi-
nation and/or use of this 
deliverable 
 

The report is available on the public web site (www.harmonirib.com).  
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D8.4 Post-project Continuity Measures 
Deliverable number D8.4 
Deliverable title 
 

HarmoniRiB Post-project Continuity Measures 
 

Author Jens Christian Refsgaard 
Summary This report consists of a brief document summarising the relevant as-

pects, regarding post-project continuity, of the final version of the Tech-
nological Implementation Plan (TIP) of the project. 

Final Format 
 

A report on 25 pages 

Status Completed by November 2006 
Review / QA process This report has been produced in close cooperation of the Steering Com-

mittee. 
Responsible scientist: Jens Christian Refsgaard  
Dedicated QA manager Salomón Montesinos  
WP leader: 
Salomón Montesinos 

QA dedicated manager: 
Salomón Montesinos 

Approved 

Steering Committee:November 2006 
Dissemination level Public 
Plans regarding further 
collaboration, dissemi-
nation and/or use of this 
deliverable 
 
 
 

The final version of this report is posted on the public web site 
(www.harmonirib.com)  
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D8.5 Reports from Project Workshops 
Deliverable number D8.5 
Deliverable title 
 

Reports from project workshops 

Author(s) GEUS 
Content 
 
 

Each report summarizes the activities and sessions taking place in each 
workshop, including the Steering Committee Meeting. 

Format 
 
 
 

Six separate reports of ~30 pages each. 
 
The reports will be posted on the internal project website as they become 
available. 

Status Completed  
Review / QA process Reports from project workshops are circulated to all HarmoniRiB part-

ners via the internal website for comments.  
 
WP leader: 
Salomon Montesinos 

QA dedicated manager: 
Salomon Montesinos 

Approved 

Steering Committee: Approved currently 
Dissemination level                                        Consortium 
Plans regarding further 
collaboration, dissemi-
nation and/or use of this 
deliverable 
 
 

None 
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WP9: CO-ORDINATION 

D9.1 Internal Website 
Deliverable number D9.1 
Deliverable title 
 

Website with communication to internal users 

Author(s) B. Nilsson and JC Refsgaard, GEUS 
Abstract 
 
 
 
 
 
 
 
 

The internal website (Quickplace) includes the following working mate-
rials: 
 
• For WPs 
• For steering committee members 
• For User Group members 
• Project Coordination 
• Reporting to EU 

Format 
 
 
 

Internet website. Only accessible for HarmoniRiB partners, User Group 
from co-operating water boards, external members of the Steering Com-
mittee and invited CATCHMOD consortium members 

Status In operational use from November 2002 
Currently updated 

Review / QA process  
WP leader: 
September 2005,  
Jens Christian Refsgaard 

QA dedicated manager: 
September 2005, 
Michiel Blind 

Approved 

Steering Committee: Hørsholm, September 23, 2005 
Dissemination level Restricted 
Plans regarding further 
collaboration, dissemi-
nation and/or use of this 
deliverable 
 

A section of the internal website has been opened for public access. This 
will provide possibility to update information on project publications and 
give users access to updated versions of the DUE software. The internal 
website will be kept alive as long as the project co-ordinator finds it use-
ful, taken also into account that there is no external funding for this pur-
pose. 
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D9.2 Steering Committee Meetings 
Deliverable number D9.2 
Deliverable title 
 

Steering Committee Meetings  

Authors Refsgaard JC, Nilsson B, Bache K 
Abstract 
 
 
 
 

Minutes from Steering Committee Meetings includes the following stan-
dard issues: 
• Comments to minutes from last meeting 
• Announcements from Brussels/CATCHMOD/HarmoniCA 
• User Group 
• Quality Assurance Plan (QA) 
• Technological Implementation Plan (TIP) 
• Reporting to EU 
• Review of list of deliverables 
• Planning of coming Project meetings and workshops 
• Agreements on work plan 

Format 
 

Minutes are reported in written reports from the Project Workshops 

Status Completed 
Review / QA process QA of Steering Committee meetings are assured by minuting the meet-

ings. Minutes are open for comments soon after the meeting and fixed 
during the subsequent Steering Committee meeting 
WP leader: 
Jens Christian Refsgaard 

QA dedicated manager: 
Steering Committee 

Approved 

Steering Committee:  
Dissemination level Restricted 
Plans regarding further 
collaboration, dissemi-
nation and/or use of this 
deliverable 
 

Decisions taken at Steering Committee Meetings are reflected in the an-
nual reports to EU. Minutes from the SCM are accessible on the project 
website (Quickplace). 
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D9.3 Reporting to EC 
Deliverable number D9.3 
Deliverable title 
 

Annual Reports 

Authors Refsgaard JC, Nilsson B, Bache K 
Content 
 
 

Contents of the annual reports follows the outlines given in the EC 
Guideline for Reporting (June 15th 2000) 

Format 
 
 
 

The annual reports are written documents. Some of the chapters are pub-
lic while other chapters are confidential in accordance with the EC 
Guideline for Reporting. 

Status Completed 
Review / QA process The reports are prepared by the project management based on inputs from 

HarmoniRiB partners. Draft versions are circulated to SC members and 
WP leaders before submission to EC. 
WP leader: 
Jens Christian Refsgaard 

QA dedicated manager: 
Steering Committee 

Approved 

Steering Committee:  
Dissemination level Public 
Plans regarding further 
collaboration, dissemi-
nation and/or use of this 
deliverable 

N/A 
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D9.4 Final Report 
Deliverable number D9.4 
Deliverable title 
 

Final Report 

Author(s) GEUS (lead) – all project partners 
Expected final Content 
 
 
 
 

The content of the final report includes: 
• The 8th 6-monthly Management Report (Sections 0, 1,2) 
• The 4th Periodic Report (Sections 3, 4) 
• A 2 page Executive Summary 2002-2006 (Section 5) 
• A 41 pages detailed HarmoniRiB Report 2002-2006 (Section 6) 
• Appendix A: Deliverable Report 
• Appendix B: Report from the Final HarmoniRiB Workshop held in 

Brussels 21st September 2006 
• Letter from EEA on hosting of HarmoniRiB data 
• A CD will all reports 

Expected final Format 
 
 

Report 

Status Completed in November 2006 
Review / QA process QA of the final report for the EC is the responsibility of the project man-

agement and quality is assured by circulating draft versions to the Steer-
ing Committee for comments and approval. 
WP leader: 
Jens Christian Refsgaard 

QA dedicated manager: 
Steering Committee 

Approved 

Steering Committee:  
Dissemination level Public 
Plans regarding further 
collaboration, dissemi-
nation and/or use of this 
deliverable 
 

The final report (Section 0+5+6) to EU will be available on the project 
website  
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HARMONIRIB REPORT FINAL PROJECT WORKSHOP  

BRUSSELS, SEPTEMBER 20-22, 2006 

 

DISTRIBUTION LIST 

All project partners 

EC 

Internal project website (WorkPlace). 

 

ABOUT THIS DOCUMENT 

HarmoniRiB is a project to carry out research, technological development and 
demonstration under the European Commission’s "Energy, Environment and 
Sustainable Development" programme, Key Action 1 "Sustainable Management and 
Quality of Water", 1.1 Integrated management and sustainable use of water resources at 
catchment river basin or sub-basin scale, 1.1.1 Strategic planning and integrated 
management methodologies and tools at catchment/river basin scale. 

This document is a HarmoniRiB report from the 6th and Final Project Workshop in 
Brussels, Belgium, September 20-22, 2006. It may not be distributed by any means, 
whether electronically or on paper. The proper reference is:  

Jens Christian Refsgaard, Kirsten Bache and Bertel Nilsson, HarmoniRiB Report. Final 
Project Workshop, Brussels, September 20-22, 2006. Contract EVK1-CT-2002-00109. 
Geological Survey of Denmark and Greenland. 
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1.  HARMONIRIB - MINUTES OF STEERING COMMITTEE MEETING 

Friday the 22nd of September 2006, Brussels, Belgium 

 

1.1 Participants 

GEUS: Jens Christian Refsgaard (Co-ordinator and chair) (JCR) 
RIZA: Michiel Blind (MB) 
IRSA: Guiseppe Passarella (GP) 
CEH: Roger V More (RVM) 
UFZ: Bernd Klauer (BK) 
UVA: Emiel van Loon (EvL) 
DHI: Thomas Bech (TB) 
PM: Pavel Biza (PB) 
UCLM: Alberto Holguín (AH) 
 
GEUS: Kirsten Bache (rapporteur) (KB) 
 
Also participating: 
GEUS: Bertel Nilsson (BN) 
GEUS: Peter van der Keur (PKE) 
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1.2 Agenda 

1. Adoption of agenda 
2. Composition of Steering Committee 
 - Any changes ? 
3. Comments to minutes from last meeting 
4. Follow-up information and actions related to last SC meeting 
5. Communication with EC 
6. Contract Amendment 
7. Finalisation of WP7 case studies 
8. Status of Project Deliverables 
 - Review of deliverables not yet approved 
 - Approval of Deliverables and QA tables 
9. Report and discussion on Dissemination activities since Janurary 
 - Meeting with Balabanis, 16 February 
 - Mini-workshop Brussels, 13 June 
 - Meeting with EEA 
 - Meeting with GEO 
 - etc. 
10. Evaluation of Public Workshop, 21 September 
11. Status of www.harmoniRiB.com after September 2006 
 - Review of present  content  (deliverables for download) 
 - how do we update content (e.g. DUE) 
12. Status of QP/internal web after September 2006 
13. Status of Data Centre after September 2006 
14. HESS Special issue 
15. Project Economy - Final Cost Statement 
16. Final Report 
17. Consortium Agreement 2 - starting 1st October 
18. Evaluation of Brussels Workshop 
 (a) Travel arrangement 
 (b) Meeting Logistics 
 (c) Agenda 
19. Any other issues.  
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1.3 Minutes 

1. Adoption of agenda 

The agenda was adopted.  

2. Composition of Steering Committee 

Mr. Alberto Holguín is formally representing UCLM at this meeting. 

3. Comments to minutes from last meeting 

MB has not read the final version after his comments. Approved by all other members. 

4. Follow-up information and actions related to last SCM  

JCR ran through the list of actions agreed on the SCM in Brno, and was able to declare 
most of them accomplished. Comments for clarification were: 

• 4. Easy plan for license agreement, transferred to a new deliverable 8.2. 

• 9. Deliverable list on www.harmonirib.com, still some corrections. 

• 11. Hosting of data centre should be OK. GP will elaborate. 

• 13. Special issue on case studies to be discussed later at the meeting 

• 14. Brochure with highlights from project. MB is preparing one for the next 
Catchmod meeting. JCR will be invited to comment. 

Other items are OK. 

5. Communications with EC  

JCR has had lots of communication directly with Balabanis during the recent months.  
A meeting in February was reported to the SC. More formal communications were :  

• Contract amendment (Item 5 on the agenda). 

• Dissemination activities (Item 9 on the agenda) 

• Cost Statements from 3rd Periodic Report, handed in 30 November 2005. As  the 
project was assigned a new financial officer, the CS were processed in May. A few 
issues needed clarification. This being done satisfactorily the payment from EC 
came mid June and was redistributed timely. 
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• The 7th Management Report was handed in late May and has been approved as EC 
has not had any comments. 

6. Contract Amendment 

The formal request was sent by courier and e-mail on November 23, 2005. Approved in 
principle by EC – confirmed by mail on May 2, 2006. 

The contract material was send from EC beginning of June. It was distributed, signed by 
all partners, collected and returned from HarmoniRiB to EC in first week of July. No 
signed contract yet received from EC 

7. Finalisation of WP7 case studies 

MB should have all case studies by Tuesday, or at least by the end of September. 
Realistic deadlines were agreed as listed below. The rest may still send to MB till the 
end of October. 

• Jucar - finalised 

• Vecht  - almost ready. Presented before SCM. 

• Svratka. PB has received last comments and will have final version ready by end of 
September. Presented before SCM. 

• Weisse Elster - final draft expected early October. 

• Candelaro - Presented before SCM. 

• Odense - October. Presented before SCM. 

• Georpotamou - comments received during workshop. Presented before SCM. 

• Kenneth – RVM will check with Mike Dunbar. Presented before SCM. 

 

GEUS will prepare a cover page for each report dated September. JCR will need to 
know if there are any updates, but will not delay co-ordinators summary in the Final 
Report (to be handed in by the end of November). 

Originally, the synthesis report was to be about lessons learned. But this is difficult with 
the late publication of the material. Also the target audience is slightly different from 
previously expected. It tends to be a little more funding organisations, rather than 
management people. The synthesis will focus on conclusions about handling 
uncertainties.  

8. Status of Project Deliverables  

Review of deliverables not yet approved. Approval of Deliverables and QA tables 
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The latest version of the Deliverable Report was on the CD with workshop material. A 
spreadsheet with overview over the final steps was prepared for the meeting and 
uploaded on QuickPlace (chapter 4. List of Deliverables). OK in the table means 
approved and with HarmoniRiB cover page. Further comments below. 

D3.3 needs formal approval. BN will upload on QP Monday, and questions have to be 
raised before the end of the week. Cover page lacking. 

D5.2 removed in the amendment 

D5.4 approved and OK. 

D6.3 Six chapters are written and on QP. The present chapters are in various stages of 
review. The two chapters on Kennet and Svratka are still lacking. The Svratka chapter 
was promised by PB to be ready by next week, while CEH due to change of staffing 
may have problems preparing the Kennet Chapter. Additionally there is an introductory 
chapter which is ready and the summary chapter. It was decided to make the report 
available as separate pdf files, with one file per river basin. 

GP was confident that everything can be ready within a week. The only exception is 
CEH’s input on Kennet. It was in this respect agreed that the report should be prepared 
with Kennet as the last chapter allowing it to be included at the last minute if it is 
prepared. RVM promised that CEH would do its utmost to prepare the chapter, but 
could not make guarantees, because CEH is presently suffering severely from change of 
staff.  

IRSA will make text for cover pages and introductory text and send them to GEUS by 
30.9.2006. GEUS will then produce the cover pages. There will be one cover page per 
basin. 

The SC authorised JCR to approve the Deliverable when it is ready.  

D7.2-9 update table (from abstracts). Upload on QP, and SC will have 2 weeks to 
approve. 

D8.4 what happens to data, tools, and technical implementation. This has to be 
rephrased in the final report. JCR has been involved in all discussions and will 
coordinate with Lara. Upload on QP and 2 weeks to approval.  

9. Dissemination activities 2006  

JCR reported dissemination activities in 2006. The outcome of these was discussed. 

Objectives: 

• Disseminate project results widely 

• Disseminate to organisations/policy makers that EC finds important (fulfil 
Balabanis’ expectations) 

• Identify possible future (permanent) hosts of HarmoniRiB data. 

Co-ordinators main activities: 

• Meeting with Balabanis, 16.02.2006 
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o JCR, MB, GP (minutes on QP) 

• Meeting with Philippe Crouzet, EEA, 03.05.2006 

o JCR – briefing of HarmoniRiB content 

o EEA interest in hosting HarmoniRiB data 

o EEA general interest in HarmoniRiB uncertainty concepts 

• Mini workshop, Brussels, 13.06.2006 

o JCR, MB, JB, RVM, TB + Balabanis + Levy + Erika(JRC) 

• Meeting with Antti Herlevi, GEO, Geneva, 25.07.2006 

o Exchange of information 

o Herlevi promised to give presentation 21.09  

 (minutes on QP) 

• Workshop, Brussels, 21.09.2006  

Evaluations of achievements: 

• General – water resources community 

o Large interest - good impact 

• GEO/GMES/INSPIRE/WISE/CIS etc 

o Large effort 

o Apparently limited effect (?) 

• Future host for HarmoniRiB database 

o IRSA willing to continue for a couple of years at relatively low activity level 
(no funding) 

o MB, as mentioned at earlier SCM, is still interested in uploading more 
project data in the HarmoniRiB database. 

o JRC: difficult to get into real dialogue. No significant interest. 

o EEA: Expressed interest at lower level, but no dialogue at management 
level. No decision or commitment. Philippe Crouzet participated in the open 
workshop (21/9) and expressed interested in eventually hosting research data 
from the project together with more datasets. Will continue dialogue. 

10. Evaluation of Public Workshop, 21 September 2006 

• Excellent attendance (for final numbers: see Workshop Report – Appendix B) 

o 74 registered persons by 19/9 (about 65 turned up) 

o 16 countries represented 

o 7 water managers. 
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o 11 policy makers 

o 5 NGO/stakeholders 

o 7 consultants 

o 44 researchers 

• Good presentations 

• Very lively and constructive discussion 

• Good preparations – well organised 

• EC (Balabanis) satisfied 

Which all lead to the conclusion that the workshop was a great success. 

• Follow up – practical issues: 

o ppts on public web next week, e-mail to people who have registered  

• Reporting to EC 

o 2 pp summary prepare  

o Newsletter #5 as summary to policy makers and water managers as appendix 
to Final Report ? MB: HarmoniCA newsletter is coming up, and JCR will be 
invited to report. JCR will decide later whether to prepare a new Newsletter 
or prepare the summary to policy makers in another form. 

• Follow up – activities 

o Dialogue with EEA on hosting of HarmoniRiB data. Regarding the database 
SC can expect a follow-up letter from EEA referring to the workshop. This 
will then be followed up by JCR and TB. SC agrees to the importance of the 
task to get the database up and running permanently. HarmoniCA may 
support. 

o New project (demonstration or RTD project) ?? 

• FP7 (?) 

• LIFE (?) 

• Interreg (?) 

Depends on opportunities and willingness/initiative of somebody to lead the 
proposal work. If opportunities arise, everybody can take imitative within their 
field and invite partners who fit in with the opportunities.  

TB expressed that Aquastress continues database work and is open towards new 
things. DHI will probably not take lead, but will continue to take part in network 
coming out of this HarmoniRiB. 
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11. Status of www.harmononirib.com after September 2006  

Up to the SCM Lara Fernandez sent a statement about future involvement by UCLM: 
The domain will be accommodated for the next 2 years. UCLM will maintain the web 
page in the next 2-3 months (after the end of the project) updating deliverables and 
solving potential technical problems. After closure of this phase, UCLM will only solve 
technical problems. 

 

HarmoniRiB needs the coming couple of years: 

• Depository for HarmoniRiB reports 

• Update of publication list and publications (e.g. 2-4 times/year) 

• Update of DUE (direct access for James, as required) 

• Harmoni-CA / WISE-RTD options for ”permanent” storage 

There is an expressed interest in keeping output of the project together  to reflect the 
HarmoniRiB. It is possible to open QuickPlace and have a public website. 

 

The SC decided to have two public websites after September 2006: 

• www.harmonirib.com: 

o Update with final versions of reports, publication lists, DUE software. SC 
agreed on MB suggestion to change the keywords with deliverable numbers 
that are no longer relevant after the process to simple lists so that new users 
can easily overview the publications and software. 

o Keep it as repository until 30.09.2008 

o Make new links to QP website. Harmonirib.com should link to or auto 
forward to QP. 

o Review of present content (deliverables for down load) 

o How do we update content (/e.g. DUE) 

• http://workplace.wur.nl/harmonirib 

o Put same information as in www.harmonirib.com (by end of 2006) 

o Room for James to post updated versions of DUE 

o Regular updates of publications 

o Establish links from other websites 

o GEUS keeps it alive as public website as long as there is a perceived need 
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12. Status of QP/internal web after September 2006 

o The SC agreed as follows with respect to the internal project website. WP 
leaders inform GEUS by end of October 2006 if they want to preserve some 
of the material. This will be kept as internal material. 

o All the remaining material will be deleted by GEUS in November 2006. 

o GEUS will keep the internal QP alive as long as QP is also used as a public 
website. Afterwards it will be closed. 

13. Status of data Centre after September 2006 

IRSA will keep the server running for the next two years with licenses etc. Users 
already registered will be able to upload. New users can be registered when you send 
the necessary information to GP about fixed IP address etc. GP will upload a 2-page 
instruction on QP on the topic. Updates can be published on QP. IRSA will no more 
undertake heavy work load like assisting formatting new files.  Users will have to solve 
problems reading the guidelines.  

MB will give example files to the people from Aquastress he expects to be interested in 
uploading datasets. TB and RVM are also able to upload Excel templates soon. 

TB will find out if requirement of fixed IP address is a structural problem in the 
database before negotiations with a new permanent host. 

DHI will undertake software maintenance to the extent it can be done within other 
projects, otherwise not. 

EvL suggests an empty database model on the public site would be of major interest to 
many people. TB explains that a comprehensive description of the administrative tool 
on QP will have to do it. The database software consists mainly of Oracle plus some 
DHI software, and support from DHI will be needed to create a new database. 

In summary the SC decided as follows: 

• IRSA will do its best to keep the database alive as described. 

• IRSA will accept new users to download and make license agreement with them. 

• New users will in general not be allowed to upload new data. IRSA will decide on 
possible exceptions to this practise on an ad hoc basis. 

• No support to maintain the database is committed.  

14. HESS Special issue 

EvL handed out a one page status of the special issue on “Uncertainty in hydrological 
observations” in Hydrology and Earth Systems Science (HESS). The special issue 
consists of 9 papers incl. one late paper not listed in the status. This is enough for a 
special issue. An introduction to the special issue should be written by the editors EvL + 
JCR + Jan Seibert + Jim Freer). 
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When all the papers are through review, revision, typesetting and approval, February 
2007 is a realistic date of publication. If it were decided  to hold up the special issue to 
wait for further papers it will be delayed a further 8 months. EvL therefore suggests to 
close now, and recommends further papers to a possible new special issue. 

 

JCR is hesitating towards a similar publication could be achieved for the case studies 
and database. It requires a lot effort after project closure, and someone to take a lead. 

The subsequent discussion showed a lot of interest. BK could do something in the 
beginning of next year. It would not meet the present issue, but maybe the case studies. 
GP is interested, but RVM and TB doubt they will have time to write up a paper about 
the database. The Svratka case study has interesting topics, but PB will need support to 
write up the work. PKE plans 2 papers on the Odense case, one in a month and one next 
year. He can not wait for the special issues. MB estimated 1 or 2 papers on Vecht, but 
had no schedule. No editor volunteered to take the lead. 

SC decided that the special issue chaired by EvL must come out now. No initiative was 
taken to work up a second special issue. 

15. Project Economy - Final Cost Statement  

The deadline for handing in the last Cost Statement will be 14th November to allow the 
financial departments time to finish the accounting of expenses within the project 
period, and still leave a small window for the co-ordinator to review the CS and the 
necessary additional documentation, and make the consolidated financial form. 

16. Final Report 

First part of the report has the same structure as the usual periodic reports. There is a 
new section 6. The schedule for preparation of the Final Report is as follows: 

• SC comments to outline at SCM 

• WP-leader/partner input as to usual Periodic Report by October 13 

• GEUS sends draft version for comments by November 1 

• Partner comments send to GEUS by November 10 

• Final Report ready by November 30  

 

17. Consortium Agreement 2 – starting 1st October 

Amendments to the Consortium Agreement prepared in connection with the overall 
contract amendment were extended with a separate article (#4) describing how the 
consortium can make decisions after 1st  October 2006. 
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This amendment was uploaded to QP with a notification to SC members on 30.01.2006. 
It has subsequently been approved by all partners as part of the acceptance of the 
contract amendment documents.  

It is therefore in force. The main issues are (short version): 

1. Partners have no formal responsibilities towards EC 

2. No HarmoniRiB funds – all activities at partners’ own costs 

3. SC objective. To ensure dissemination and exploitation, in particular of data from 8 
river basins 

4. Physical SC-meetings. Rules for decisions: 

o If < 8 partners attend, minutes to be circulated and the rest have possibility to 
object/vote within 15 days 

5. Electronic SC meetings. Rules for decisions: 

o Specific proposals for decision circulated to SC members electronically 

o If no objections within 15 days: proposal accepted 

6. A partner can withdraw with three months notice 

7. Duration: up to end of 2009. May be terminated if 2/3 of partners agree. 

The SC took note of this and noted that we now have a formal decision structure that 
will be required when we (hopefully) enter into a dialogue with EEA on the 
HarmoniRiB data. 

18. Evaluation of Brussels Workshop 

(a) Travel arrangement: individual arrangements – hopefully fine. 

(b) Meeting Logistics: OK 

(c) Agenda: Acceptable 

19. Other issues 

Reviewing the estimated workshop costs SC decided, with the approval of UCLM, to 
invite more persons to have a refund for travel expenses from WP8. 

No other issues. 
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2. HARMONIRIB MEETINGS IN BRUSSELS, SEPTEMBER 20-22 2006 

2.1 Programme for the Workshop, Wednesday 20/9  

Participants: HarmoniRiB partners. 

Chair of sessions: JC Refsgaard, Co-ordinator. 

 

Activities 
  

A  Preparation for workshop the following day 
Time 14.00 - 18.00 
Content - rehearsal of HarmoniRiB presentations 
  - logistics 
Responsible JCR 
Participants Those giving presentations on 21 September (compulsory) 
  All (very welcome to attend) 

B WP Technical sessions 
Time   
Content Nothing planned 

C Dinner 
Time 19 
Participants Those around who wants to join 
 

 

2.2 Public Workshop, Wednesday 21/1 

For participants and programme, see Summary Report, attached as Appendix A. 

Chair: JC Refsgaard, Co-ordinator. 
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2.3 Programme for the Workshop, Friday 22/9 

2.3.1 Work Package 7 Meeting 
Participants: Steering Committee Members + WP7 persons + other interested Harmoni-
RiB participants    

Short presentations of Case Studies with focus on new issues that are novel and/or 
problematic   . 

Chair of session: Michiel Blind. 

Time: 09.00 - 10.30   
Ioannis Tsanis Geropotamou River Basin Case Study 
Emanuele Barca Candelaro River Basin Case Study 
Pavel Biza Svratka River Basin Case Study 
Rianna Bijlsma Vecht River Basin Case Study 
Peter van der Keur Odense River Basin Case Study 
 

2.3.2  Steering Committee Meeting 
Chair: Jens Christian Refsgaard 

Time: 10.30 - 16 

Participants: Steering Committee Members + other interested HarmoniRiB participants 

 
Proposed agenda (last updated on QP 19/9-2006 JCR) 
Time: 09.00 - 10.30         

    

Ite
m 
No 

Content Responsibl
e 

Supporting 
material 

1 Adoption of agenda     
2 Composition of Steering Committee 

- Any changes ? 
    

3 Comments to minutes from last meeting All   

4 Follow-up information and actions related to last SC 
meeting 

JCR Minutes from last 
SCM 

5 Communication with EC JCR   
6 Contract Amendment JCR   
7 Finalisation of WP7 case studies MB + All   

8 Status of Project Deliverables 
- Review of deliverables not yet approved 
- Approval of Deliverables and QA tables 

All Deliverable 
Report - QA 
Tables 
Deliverable_SC-
QA_action_v2.xl
s 
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9 Report and discussion on Dissemination activities 
since January 
- Meeting with Balabanis, 16 February 
- Mini-workshop Brussels, 13 June 
- Meeting with EEA 
- Meeting with GEO 
- etc 

JCR   

10 Evaluation of Public Workshop, 21 September All   
11 Status of www.harmoniRiB.com after September 

2006 
- Review of present  content  (deliverables for 
download) 
- how do we update content (e.g. DUE) 

UCLM See note below 

12 Status of QP/internal web after September 2006 JCR See note below 
13 Status of Data Centre after September 2006 IRSA See note from 

IRSA on QP  
'DC after 
september.doc' 

14 HESS Special issue EvL   
15 Project Economy - Final Cost Statement KBA   
16 Final Report JCR See QP and note 

below 
17 Consortium Agreement 2 - starting 1st October JCR See QP and note 

below 
18 Evaluation of Brussels Workshop 

(a) Travel arrangement 
(b) Meeting Logistics 
(c) Agenda 

All   

19 Any other issues     
 

Notes 
Supporting material: QP -->> Project Meetings -->> Brussels Final Workshop -->> 22. Sept - SC 
Meeting 

#8 GEUS (BN) to prepare written status => Upload to QP by 2006-09-11 

#1
1 

UCLM statement in mail from Lara (2006.09.18): 
"At this moment we update the domain for the next 2 years, and also we update the 
accommodation expenses for two years too (SEPTEMBER 2007). 
UCLM will maintenance the web page in the next 2-3 months (after the end of the 
project) updating deliverables and solving potential technical problems.  
After closure of these phase, UCLM will only solve technical problems." 

#1
2 

(1) WP leaders inform GEUS by end of October 2006 if they want to preserve some 
of the material. This will be kept as internal material. 
(2) All the remaining material will be deleted by GEUS in November 2006.  
(3) GEUS keep it alive as public website as long as there is a perceived need. 
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#1
6 

First Outline of Final Report (see QP) 
(1) SC comments to outline at SCM 
(2) WP-leader/partner input as to usual Periodic Report by October 13 
(3) GEUS sends draft version for comments by November 1 
(4) Partner comments send to GEUS by November 10 
(5) Final Report ready by November 30 

#1
7 

Amendments to Consortium Agreement prepared in connection with the contract 
amendment were extended with a separate article (#4) describing how the 
consortium can make decisions after 1st October 2006. This amendment was 
uploaded to QP with a notification to SC members on 30.01.2006. It has 
subsequently been approved by all partners as part of the acceptance of the contract 
amendment documents. It is therefore in force. 
 
The amendment is available on QP 
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3. LIST OF PARTICIPANTS, WORKSHOP 

Jens Christian  Refsgaard, GEUS - Geological Survey of Denmark and Greenland  

Bernd Klauer, UFZ-Umweltforschungszentrum Leipzig-Halle  

Emiel van Loon, UvA - Universiteit van Amsterdam 

James Brown, UvA - Universiteit van Amsterdam 

Roger Moore, CEH - Centre for Ecology & Hydrology, NERC 

Thomas Bech, DHI Water & Environment 

Michiel Blind, RIZA - Rijksinstituut voor Integraal Zoetwaterbeheer en 
Afvalwaterbehandeling 

Rianna Bijlsma, RIZA - Rijksinstituut voor Integraal Zoetwaterbeheer en 
Afvalwaterbehandeling 

Piet Groenendijk, Alterra 

Alberto Holguín, Universidad de Castilla-La Mancha 

Guiseppe Passarella, IRSA - Istituto di Ricerca Sulle Acque, Bari 

Emanuele Barca, IRSA - Istituto di Ricerca Sulle Acque, Bari 

Pavel Biza, PM - Povodí Moravy 

Ioannis Tsanis, TUC - Technical University of Crete 

Aris Koutroulis, TUC - Technical University of Crete 

Ioannis Daliakopoulos, TUC - Technical University of Crete 

Bertel Nilsson, GEUS - Geological Survey of Denmark and Greenland  

Peter van der Keur, GEUS - Geological Survey of Denmark and Greenland 

Kirsten Bache, GEUS - Geological Survey of Denmark and Greenland 

Dirk-Ingmar Müller-Wohlfeil, County of Funen  

Peter Østergaard, County of Funen 
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4.   LIST OF DELIVERABLES 

Explanations 

Completed means that we have declared the deliverable for completed in our reporting to EC. We now need to finalise the formalities with respect 
to cover page, publishing, and QA issues. 

Cover page includes typically the six first pages of a report: (1) the cover itself, (2) page with title, editors, ISBN, issuing organisation etc, (3) page 
with title, authors, logos, (4) page describing which deliverable this deals with, (5) Table of contents, (6) blank  *** see for instance Guideline 
Report. The WP Leader has to produce a draft with all necessary text. GEUS can then produce the cover in a standard graphical standard. 

 

HarmoniRiB Deliverables - with reference to 'Deliverable Report' 

 
Deliverable Status Next Actions 
      WP Leader QA dedicated 

man 
SC 

JCR note to WP Leader www.harmoni
rib.com 

D1.1 Requirements Report Completed         ok 
D1.2 1st version of metadatabase Completed         update 
D2.1 Guideline Report Completed         ok 
D2.2 Report on uncertaintiy in river basin 

models 
Completed         ok 

D2.3 Report on uncertainty and scaling Completed         ok 
D2.4 Uncertainty software Completed         ok 
D3.1 Guidelines on economic analysis Completed         ok 
D3.2 Benchmarking  Completed         ok 
D3.3 Integrated info into decision making 

system 
Sep. 2006     Approve Report and 

QA Table 
Cover page still lacking update 

D4.1 The specifications of the conceptual data 
model 

Completed         ok 
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D4.2 The specification of upgrades to the 
database software 

Completed         ok 

D4.3 The specifications of the Object model Completed         ok 
D5.1 Database software Completed         ok 
D5.2 The Object model Not 

delivered 
          

D5.3 Training for the Data Centre and partner 
staff 

Completed         ok 

D5.4 Maintenance service Sep. 2006     For approval in 
Brussels 

    

D6.1 Web site with river basin database (beta-
version) 

Completed         ok 

D6.2 Guidelines for database use (beta-
version) 

Completed         ok 

D6.3 CD/web with datasets Sep. 2006 Finalise work     River Data Basin Report 
part of deliverable 

status unclear 

D6.4 Guidelines for database use Completed       Cover page still lacking update 

D7.1 Jucar 25. Sep. 06   QA table to be 
updated 

Approve Report and 
QA Table 

Cover page still lacking   

D7.2 Weisse Elster 25. Sep. 06 Finalise work QA table to be 
updated 

Approve Report and 
QA Table 

Cover page still lacking   

D7.3 Kennet 25. Sep. 06 Finalise work QA table to be 
updated 

Approve Report and 
QA Table 

Cover page still lacking   

D7.4 Vecht 25. Sep. 06 Finalise work QA table to be 
updated 

Approve Report and 
QA Table 

Cover page still lacking   

D7.5 Svratka 25. Sep. 06 Finalise work QA table to be 
updated 

Approve Report and 
QA Table 

Cover page still lacking   

D7.6 Candelaro 25. Sep. 06 Finalise work QA table to be 
updated 

Approve Report and 
QA Table 

Cover page still lacking   
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D7.7 Odense 25. Sep. 06 Finalise work QA table to be 
updated 

Approve Report and 
QA Table 

Cover page still lacking   

D7.8 Geropotamou 25. Sep. 06 Finalise work QA table to be 
updated 

Approve Report and 
QA Table 

Cover page still lacking   

D7.9 Summary report 30. Sep. 06 Finalise work QA table to be 
updated 

Approve Report and 
QA Table 

Cover page still lacking   

D8.1 Public web site Completed         ok 
D8.2 Report on responses from organisations 

delivering and organisations using the 
databases 

Completed         update 

D8.3 Mid-term report on status of exploitation 
and final plans 

Completed         ok 

D8.4 Report on post-project continuity 
measures 

Sep. 2006 Finalise work QA table to be 
updated 

  Cover page still lacking   

D8.5 Reports from SCM and workshops Currently Continue        Should not be 
publicly 
available:  

D9.1 QP Completed           
D9.2 Reports from SCM and project 

workshops 
Currently Continue          

D9.3 Annual reports to EC Currently Continue        Should not be 
publicly 
available:  

D9.4 Final report Nov. 2006 Finalise work       Should not be 
publicly 
available: 
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HarmoniRiB Workshop 21st September 2006 – Brief Report 

 

Workshop context, objectives, and participants 
The workshop “Uncertainty in data and models: On the way to operational use in environmental 
management” was held in Brussels on 21st September 2006. It was organised by the EU FP5 project 
HarmoniRiB in co-operation with the EC. The objectives of the workshop were: 

• To discuss the importance of uncertainty among water resources policy makers, practitioners and 
researchers with respect to the WFD implementation as well as to related fields such as Earth 
Observatories, spatial management, etc. 

• To present and discuss operational tools for handling uncertainty in data and models. 

• To outline the need for future database functionality and discuss the limitations in the current database 
designs for adequately supporting water management functions. 

81 persons had registered for the workshop and 65 actually attended. Among the registrations there were 
participants from 16 countries. 60% of the participants came from research organisations while the remaining 
were policy makers, water managers, NGO’s/stakeholders and consultants. The list of participants is 
enclosed to this report. 

Programme 
The opening and welcome address was given by Panagiotis Balabanis, DG RTD. This was followed by four 
presentations from the HarmoniRiB group and four presentations from policy organisations. In between the 
poster session was introduced. The final programme is enclosed to this report. The key messages of the 
presentations were: 

• Jens Christian Refsgaard (GEUS - HarmoniRiB) gave an introduction to uncertainty in water resources 
management, motivating why uncertainty is important and outlining the various sources of uncertainty. 
Furthermore, he gave a brief overview of the content and output of the HarmoniRiB project. 

• Michiel Blind (RIZA - HarmoniRiB) gave three key messages: (a) including uncertainty is recommended, 
even required by the WFD; (b) uncertainty is a fact of WFD life; and (c) HarmoniRiB’s products supports 
integrated uncertainty assessment. 

• James Brown (University of Amsterdam – HarmoniRiB) presented the Data Uncertainty Engine (DUE), a 
software tool developed by HarmoniRiB to support assessment of data uncertainty and its propagation 
through modelling. 

• Thomas Bech (DHI – HarmoniRiB) discussed the limitations of current databases and presented his 
vision for a water information system for future needs, including key aspects of HarmoniRiB contributions 
such as integration of different data types and handling of data uncertainty. 

• Philippe Quevauviller (DG ENV) discussed challenges in the WFD implementation. He emphasised the 
specific hydroinformatics research needs taking account of uncertainty assessment as well as the need 
for a stronger science-policy interface. 
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• Erika Rimaviciute (DG JRC) presented the data and databases in the Water Information System for 
Europe (WISE) related to the practical implementation of the reporting (information flow) under the WFD 
and the plans for its further development during the coming years. 

• Philippe Crouzet (EEA) presented views on uncertainty in the data process and in policy analysis and 
gave specific examples illustrating the importance of considering uncertainty in a management context. 
Furthermore, he discussed the problems related to reporting on compliance to WFD requirements when 
uncertainty is included.  

• Dirk I. Müller-Wohlfeil (County of Fyn, Odense PRB) described why uncertainty needs to be accounted for 
in practical water management and gave examples of how uncertainty assessments are carried out for 
groundwater management. 

The last session of the workshop was devoted to a discussion facilitated by Roger Moore (CEH – 
HarmoniRiB). In his closing remarks Panagiotis Balabanis (DG RTD) mentioned that the workshop could be 
seen as a starting point for giving more emphasis to uncertainty aspects in water management. He 
concluded that we have experience now, and hence we should go forward and try to apply the developed 
methodologies and tools in practise. He furthermore informed about ongoing initiatives to strengthen 
research co-operation with North American research groups on the topics covered by this workshop.   

Conclusions and recommendations from discussion 
The discussion was very lively and constructive. The key views and conclusions from the discussion were: 

• Uncertainty aspects should be taken into account as part of the water management process. It is already 
included in some areas such as climate change. Uncertainty should not be seen with a negative 
connotation that should be avoided, but as a reality you have to live with and that may open a room for 
negotiations. 

• Transparency in data handling, in communication and in documenting uncertainty in data and model 
results is a key issue. A tool which can support this is the Modelling Support Tool (MoST) that has been 
developed by a parallel EU FP5 project HarmoniQuA. 

• There is a need to better include uncertainty in policy. Things that can help towards such development 
are: (a) uncertainty assessment should be integrated with economics in order to make the results more 
relevant for policy makers; (b) transparency of the data, modelling and decision process and the 
associated uncertainties should be improved; and (c) more emphasis should be given to social science 
aspects of uncertainty. 

• There is a need to better include uncertainty in the practical water management. A number of useful 
uncertainty tools exist now. A major constraint, however, is that uncertainty aspects are often complicated 
to deal with. Understanding uncertainty is often in reality a more difficult thing than to operate uncertainty 
tools. Nevertheless, improved and more user friendly tools will help driving the capacity building process, 
because it will generate a larger demand among practitioners to understand uncertainty concepts. 

• It has taken a long time to get models from research into practical use. Now the computer and modelling 
software infrastructure makes it relatively easy to use models, and many practitioners today use models 
and models results. Similarly we may expect that the development of user friendly uncertainty software 
tools, such as the Data Uncertainty Engine (DUE) developed under HarmoniRiB, will catalyse a more 
widespread use of uncertainty assessment. Although it is still relatively seldom for water managers to 
demand inclusion of uncertainty assessments in analyses of data and models, there has been a clear 
trend in this direction during the past few years. This trend is likely to greatly accelerate the practical use 
of uncertainty during the coming years. 

• Although some operational uncertainty tools, such as those developed by HarmoniRiB, already exist, 
there is a need for more research on uncertainty in relation to water resources management. Major 
challenges in this respect include: (a) how to characterise and assess the effects of model structure 
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uncertainty; (b) how to deal with scale effects and uncertainty in data from different sources; and (c) how 
to integrate aspects of social science and natural science into a broader and more holistic view of 
uncertainty for use in water resources management. Improved utility of research outputs can be facilitated 
by establishment of research and demonstration projects with joint participation of researchers, policy 
makers and water managers to develop and test concepts and tools that are adapted to the needs of 
policy makers and water managers. The potential co-operation between EU and US research groups on 
uncertainty issues is also believed to become a great asset. 

 

 

Copenhagen, 27th September 2006 

Jens Christian Refsgaard 
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Programme – 21st September 2006  

Time Presentation 
  

9:00 – 10:00 Registration and coffee 
  

10:00 – 10:15 Welcome 
(Panagiotis Balabanis, DG RTD + Jens Christian Refsgaard, GEUS) 

  

10:15 – 10:40 Uncertainty in water resources management 
(Jens Christian Refsgaard, GEUS - HarmoniRiB) 

  

10.40 – 11:05 Implementation of the Water Framework Directive – Uncertainty 
issues 
(Michiel Blind, RIZA - HarmoniRiB) 

  

11:05 – 11:25 Coffee  
  

11:25 – 11:45 The Data Uncertainty Engine (DUE): a tool for assessing and 
propagating data uncertainties 
(James Brown, University of Amsterdam - HarmoniRiB) 

  

11:45 – 12:05 Design of a water and information system for future needs 
(Thomas Bech, DHI - HarmoniRiB) 

  

12:05 – 12:45 Introduction to poster session 
• HarmoniQuA’s Quality Assurance and modelling support for water 

management – Huub Scholten, Wageningen University 
• Joint use of monitoring and modelling in water management (Harmoni-CA 

WP4) – Lisbeth Flindt Jørgensen, GEUS 
• NeWater - Marcella Brugnach, University of Osnabrück 
• HarmonIT – Roger Moore, CEH 
• HarmoniRiB Case Study Kennet – Roger Moore, CEH 
• HarmoniRiB Case Study Geropotamou – Ioannis Tsanis, Technical 

University of Crete 
• HarmoniRiB Case Study Vecht – Rianne Bijlsma, RIZA 
• Knowledge of uncertainty enhances the quality of decisions in river 

management practice – Saskia van Vuren, Delft Hydraulics 
• Lessons learned from uncertainty assessment in EU risk assessment of 

chemical substances – Frederik Verdonck, Ghent University 
• CATCHMOD – Michiel Blind, RIZA (no oral introduction) 
• WISE-RTD – Michiel Blind, RIZA (no oral introduction) 
• HarmoniRiB 

  

12:45 – 13:45 Lunch 
  

13:45 – 14:00 Challenges in WFD implementation 
(Philippe Quevauviller, DG ENV) 

  

14:00 – 14:15 Data and databases in WISE  
(Erika Rimaviciute, DG JRC) 

  

14:15 – 14:30 Perspectives of handling uncertainty in European data  
(Philippe Crouzet, EEA) 

  

14:30 – 15:00 Coffee 
  

15:00 – 15:10 Uncertainty in water resources management – a water manager 
perspective 
(Dirk Müller-Wohlfeil, County of Fyn, Odense PRB, Denmark) 

  

15:10 – 16:00 Discussion 
(facilitated by Roger Moore, CEH - HarmoniRiB) 

  

16:00 – 16:15 Closing remarks 
(Panagiotis Balabanis, DG RTD) 
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