
HarmoniRiB Post-project Continuity Measures
November 2006

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

Contract EVK1-CT-2002-00109

Geological Survey of Denmark and Greenland (GEUS)



 



HarmoniRiB Post-project Continuity Measures
November 2006

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

Contract EVK1-CT-2002-00109

Author

Jens Christian Refsgaard, Geological Survey of Denmark and Greenland (GEUS),
Copenhagen, Denmark



 



This report is a publicly accessible deliverable D8.4 of the HarmoniRiB project.  This R&D 
project is partly financed within 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 scale under contract EVK1-CT 
2002-00109. This report may be downloaded from the internet and copied, provided that it 
is not changed and provided that proper reference to it is made: 
  
Jens Christian Refsgaard. HarmoniRiB Post-Project Continuity Measures. Geological 
Survey of Denmark and Greenland, Copenhagen, November 2006 (www.harmonirib.com) 
or 
(http://workplace.wur.nl/QuickPlace/harmonirib/Main.nsf/h_Toc/38da1522d3c0e520c12571
e3002f512c/?OpenDocument). 



 



HarmoniRiB November 2006 Deliverable D8.4 

 

 

 

1  

 

 

 

 

 

 
HarmoniRiB Post-project Continuity Measures 

 
 
 
 
 

HarmoniRiB  
 

Deliverable D8.4 
  

 
 
 
 
 

Contract number: EVK1-CT-2002-00109 
 

www.harmonirib.com 



HarmoniRiB November 2006 Deliverable D8.4 

 

 

 

2  

ABOUT THIS DOCUMENT 

 
 
Title HarmoniRiB Post-project Continuity Measures 
Purpose To summarise the possibilities for exploiting HarmoniRiB 

outputs after project completion. This report is Deliverable 
8.4. 

Filename D84_v1_02Nov.doc 
Author Jens Christian Refsgaard, GEUS 
Reviewer Salomón Montesinos, UCLM 
Document history  v1 – First draft, 2006-11-02  

v2 – Draft Final version with reviewer comments incorpo-
rated 
v3 – Final version approved by the Steering Committee 

Current version. v1  
Changes to previous 
version 

 

Date 02/11/2006 
Status   
Target readership  European Commission and Organisations interested in co-

operating on exploitation of HarmoniRiB results 
General readership  Project members 
Correct reference JC Refsgaard, HarmoniRiB Post-project Continuity Meas-

ures, November 2006, Geological Survey of Denmark and 
Greenland, Copenhagen 

 
 



HarmoniRiB November 2006 Deliverable D8.4 

 

 

 

3  

 
 

TABLE OF CONTENTS 
 
About this document ....................................................................................... 2 

1. Introduction .................................................................................................. 4 

1.1 HarmoniRiB context ............................................................................... 4 

1.2 HarmoniRiB objectives........................................................................... 4 

1.3 HarmoniRiB Scientific Achievements ................................................... 5 

1.4 HarmoniRiB Socio-economic relevance and policy implications....... 5 

1.5 Consortium composition ....................................................................... 6 

1.6 Purpose and content of the present report .......................................... 7 

1.7 Acknowledgement .................................................................................. 7 

2. Exploitable HarmoniRiB Products .............................................................. 8 

2.1 Introduction............................................................................................. 8 

2.2 Data Uncertainty Engine (DUE) ............................................................. 8 

2.3 Database design and software ............................................................ 10 

2.4 Data from HarmoniRiB river basin network........................................ 15 

3. Exploitation Plans ...................................................................................... 23 

3.1 Introduction........................................................................................... 23 

3.2 The Data Uncertainty Engine (DUE) software .................................... 23 

3.3 The database design and software ..................................................... 23 

3.4 Data from the eight river basins available through the HarmoniRiB 
Data Centre.................................................................................................. 24 

4. References .................................................................................................. 25 

Slettet: 4

Slettet: 4

Slettet: 4

Slettet: 5

Slettet: 5

Slettet: 6

Slettet: 7

Slettet: 7

Slettet: 8

Slettet: 8

Slettet: 8

Slettet: 10

Slettet: 15

Slettet: 23

Slettet: 23

Slettet: 23

Slettet: 23

Slettet: 24

Slettet: 25



HarmoniRiB November 2006 Deliverable D8.4 

 

Refsgaard, Post-project Continuity Measures  

 

4 

1. INTRODUCTION 

 

1.1 HarmoniRiB context 
The Water Framework Directive (WFD) provides a European 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, sectors of wa-
ter use, socio-economics and stakeholder participation. As such, the WFD poses new chal-
lenges to water resources 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 re-
sults. The preparation of integrated water management plans for the WFD will require making 
a large number of decisions by operational agencies in Europe. A decision maker has to make 
decisions based on available information. In most cases this information is deficient, incom-
plete and uncertain. How should this affect the decision making. 
 
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 devel-
opment, 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. 

1.2 HarmoniRiB objectives 
The overall goal of HarmoniRiB is to develop methodologies for quantifying uncertainty and 
its propagation from the raw data to concise management information. The four specific pro-
ject objectives are: 
• To establish a practical methodology and a set of tools for assessing and describing uncer-

tainty originating from data and models used in decision making processes for the pro-
duction of integrated water management plans. It will include a methodology for inte-
grating uncertainties on basic data and models and socio-economic uncertainties into a de-
cision 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 exam-
ples of their use in the development of integrated water management plans.  

• 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. 

 
Thus, the HarmoniRiB project aims to support the WFD implementation, by addressing issues 
of uncertainty in data en modelling, and by developing a ‘virtual laboratory for modelling 
studies’. This virtual laboratory will comprise of a set of river basins, of which data relevant 
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to modelling and the WFD, are readily available for the scientific community. The data can be 
used for comparison and demonstration of methodologies and models relevant to the WFD. 

1.3 HarmoniRiB 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 uncer-

tainty 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 Har-
moniRiB Data Centre. These data will be available free of charge for research pur-
poses. 

• Case studies 
 Reports from eight case studies comprising test of concepts for HarmoniRiB method-

ologies and tools on cases focussing on different aspects of the WFD.  
The HarmoniRiB outputs have been documented through internal testing, reviews and scien-
tific journal papers. 

1.4 HarmoniRiB 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 models results. Similarly we may expect that the devel-
opment 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 
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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 data-
bases hold national data from a single domain only, implying that differences in terminol-
ogies 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 pro-
jects for free use for future research projects. 

1.5 Consortium composition 
The HarmoniRiB consortium consists of 11 partners. The partners and their roles in the pro-
ject are shown in the table below. 
 
Table 1 HarmoniRiB partners 
No Participant Key roles in project Lead roles for WPs 
1 Geological Survey of Denmark and 

Greenland (GEUS), Copenhagen, Den-
mark 

Co-ordination 
Dissemination 
Dataset and case study 

Co-ordinator 
WP1-leader 
WP9-leader 

2 Institute of Inland Water Management 
and Waste Water Treatment (RIZA), 
Lelystad, The Netherlands 

Socio-economy 
Dataset and case study 

WP7-leader 

3 Water Research Institute (CNR-IRSA), 
Roma-Bari, Italy 

Uncertainty assessment 
Data Centre 
Dataset and case study 

WP6-leader 

4 Centre for Environmental Research 
(UFZ), Leipzig, Germany 

Socio-economy 
Uncertainty assessment 
Dataset and case study 

WP3-leader 

5 Centre for Ecology & Hydrology 
(CEH), Wallingford, UK 

Database design 
Socio-economy 
Dataset and case study 

WP4-leader 

6 University of Amsterdam (UVA), Am-
sterdam, The Netherlands 

Uncertainty assessment WP2-leader 

7 DHI Water & Environment (DHI), 
Hørsholm, Denmark 

Database software deve-
lopment 

WP5-leader 

8 Technical University Crete (TUC), 
Chania, Greece 

Dataset and case study  

9 Universidad de Castilla - La Mancha 
(UCLM), Albacete, Spain 

Dissemination 
Dataset and case study 

WP8-leader 

10 Povodi Moravi (PM), Brno, Czech Re-
public 

Dataset and case study  

11 Alterra, Wageningen, The Netherlands Case study  
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1.6 Purpose and content of the present report 
The present report constitutes deliverable D8.4 of the project. The overall aim of the report is 
to describe the plans for post-project exploitation in accordance with the content of the Tech-
nological Implementation Plan (TIP). 

1.7 Acknowledgement 
The present work was carried out within the Project ‘Harmonised Techniques and Represen-
tative River Basin Data for Assessment and Use of Uncertainty Information in Integrated Wa-
ter Management (HarmoniRiB)’, which is partly funded by the EC Energy, Environment and 
Sustainable Development programme (Contract EVK1-CT-2002-00109).
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2. EXPLOITABLE HARMONIRIB PRODUCTS 

2.1 Introduction 
The Technological Implementation Plan (TIP) separates the exploitation of project results into three 
different, but inter-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 briefly describe the content and the status for each of these three 
products. 

2.2 Data Uncertainty Engine (DUE) 

2.2.1 Framework for describing data uncertainty 

By considering space-time variability and data type, Brown et al. (2005) have distinguished 13 un-
certainty categories of uncertain data (Table 2). 
 
Table 2. The subdivision and coding of uncertainty-categories, along the ‘axes’ of space-time vari-
ability and measurement scale (Brown et al., 2005). 

Measurement scale 
Space-time variability 

Continuous 
numerical 

Discrete nu-
merical 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 
consider discrete probability distribution functions, whereas continuous density functions are re-
quired 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 re-
quested 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 
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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 uncer-
tainty. 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 exper-
tise. 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 fre-
quency, 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 cate-
gorical 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 categori-
cal data. 

2.2.2 DUE software tool 

Development of the Data Uncertainty Engine (DUE) is a major scientific achievement of Harmon-
iRiB. DUE can support assessment of data and its propagation through models. The graphical user 
interface of DUE is illustrated in Fig. 1. 
 
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 uncer-
tainty 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 or 
http://www.harmonirib.com/download.htm. 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. 
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Fig. 1 Screen shot from the Data Uncertainty Engine (DUE) 
 
 

2.2.3 Guidelines for assessment of data uncertainty 

Reviews with results on data uncertainty reported in the literature have been compiled into a guide-
line 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 ex-
pected that they will be published in 2007. 
 

2.3 Database design and software 

2.3.1 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 ex-
ceeds 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. 
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We have designed and developed software for a database than 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. 
 

2.3.2 Functionality with respect to data uncertainty 

The uncertainty characteristics are described according to the uncertainty categories listed in Table 
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 uncer-
tainty model is also stored in the database. 
 
An initial list of pdfs and autocorrelation functions are included in a Probability Distribution Func-
tion Dictionary and an Autocorrelation Function Dictionary of the database. In addition the soft-
ware 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 as-
sumption 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 loca-
tions and attributes. 
 

2.3.3 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 seam-
less linking of metadata to data and a new underlying table design. 
 
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. 
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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. 2. The three axes of this cube represent ob-
jects (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. 2. 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: 
 
• 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 possi-

ble 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 infor-
mation 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 
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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 de-
scribes the range of possible values that an attribute might take at a given location. 

 

2.3.4 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 neces-

sary tools for managing user accounts object classes, attribute dictionaries, units of measure-
ment 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.  

 
In addition to the uncertainty aspects, the strengths of the database design and the developed soft-
ware 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 life time of the database. In our case the amount and types 
of data can be gradually 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.  
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2.3.5 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 de-
sign does not allow the uncertainties to be uploaded to the database. At present, it is only possi-
ble 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 sys-
tems. 

 
In addition the users have expressed wishes for improved Graphical User Interface and other func-
tionalities: The original database design (Moore, 2005) included these functionalities, but in accor-
dance 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 improve-
ments 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.  
• 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. Slettet:  
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• R49 Metadata capture Tool. 
• R50 Thesaurus builder. 
• R51 Improved editing of user details. 
 
 

2.4 Data from HarmoniRiB river basin network 

2.4.1 Why a new river basin network? 

Many networks of river basin data have been established for research purposes during the last cou-
ple 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. 
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 re-
search on integrated water management of direct relevance for implementation of the WFD. In ad-
dition, 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 representa-
tive 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.  
 

2.4.2 The HarmoniRiB river basin network 

The HarmoniRiB network of representative river basins comprise eight basins, see Fig. 3 for loca-
tions and Table 3 for characteristic features. These basins have been selected to ensure a good cov-
erage across Europe in terms of eco-regions, types of water problems, socio-economic conflicts and 

Slettet: 2
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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 influ-
ence of uncertainty on management decisions. 
 

 
Fig. 3. Location of the HarmoniRiB network of representative river basins. 
 
 

Slettet: 2
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Table 3 Key characteristics of the HarmoniRiB network of representative river basins 
 

Country  
River Basin 

Area (km2) Population Den-
sity (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 ab-
straction depletes stream flow and wetlands 

ES, Júcar 21,328 28 9,900 Agriculture Irrigation, hydroelectric, touris-
tic supply, industry 

Farming use; hydroelectrical use; touristic water 
demand 

GR, Geropo-
tamou 

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, Ecosys-
tem, recreation 

Water supply vs. ecology 

 

Slettet: u
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2.4.3 Data in HarmoniRiB Database 

For each of the eight river basins a comprehensive amount of data was collected. After col-
lecting and reformatting the data they were uploaded to the HarmoniRiB Data Centre. Subse-
quently, 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 imple-
mentation (Blind and de Blois, 2003). The data are organised according to objects and attrib-
utes. 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 4, 
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 con-
tains most data. Table 5 provides an overview of the amount of data and its diversity accord-
ing to number of attributes and dictionaries for the eight river basins. 
 
Table 4. The 10 dictionaries with the number of attributes in each dictionary and the number 
of loaded records. 
Dictionary name Example of attribute Number of 

attributes used
Number of 

records 
Biological  8 7,731 
General  44 83,726 
Geological  3 74,862 
Hydrological  16 1,319,790 
Morphological  2 4,035 
Physical and Chemical  579 1,359,589 
Socio-economical  12 2,609 
Soil  7 21,729 
Tidal  0 0 
Weather  32 7,102,285 
Total  703 9,976,356 
 
Table 5. Number of records loaded and the number of dictionaries and attributes used per 
basin. 
River Basin / Country Number of records Number of Dic-

tionaries 
Number of at-

tributes 
Svratka / Czech Republic 20,3720 5 33 
Weisse-Elster / Germany 1,555,965 4 21 
Odense / Denmark 322,468 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 9,461,213   
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The data and the associated uncertainties from the eight river basins are documented in the 
HarmoniRiB River Basin Data Report (Passarella, 2006). 
 

2.4.4 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 appro-
priateness 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 pur-
poses. The Data User commits that the Data only are used for non-commercial research ac-
tivities as defined above. 

• The Data User must acknowledge the origin of the Data by making specific and appropri-
ate 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 com-
mercial 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. 
 

2.4.5 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 pro-
jects 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. 
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• 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. 
 

2.4.6 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 net-
work 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 re-
spect 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 typi-
cally 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. 

 
The functionality of the HarmoniRiB database has proven sufficient for internal use by Har-
moniRiB partners. For further operational use by additional people and projects improve-
ments 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 
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a pan European database a set of common European dictionaries will ultimately be re-
quired. 

 

2.4.7 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 Har-
moniRiB 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 appears 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. 
 
EEA has, on the other hand, expressed an interest to host research data in the future. As part 
of this EEA has expressed an interest in principle to host the HarmoniRiB data. This will re-
quire further detailed technical discussions in order to become operational. In any case this 
attitude from EEA opens very interesting perspectives for the research community. 
 

2.4.8 How can we ensure that RTD projects store data in a common European RTD data-
base? 

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 meet: (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 de-

livery 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 rele-

vance 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. 
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The contractual obligations for data delivery have the following two elements: 
• The data delivery condition, including formats and needs for documentation, must be de-

scribed 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 re-
search consortium.  
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3. EXPLOITATION PLANS 

3.1 Introduction 
The three key HarmoniRiB products will most likely have different routes of exploitation, 
because their respective potential users are different segments of the water resources research, 
policy and management community. This is described in the Technological Implementation 
Plan (TIP) approved by the HarmoniRiB Steering Committee. This is elaborated in the fol-
lowing sections. 

3.2 The Data Uncertainty Engine (DUE) software 
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 docu-
mented. 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. 
 
At present, 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 aware-
ness among water managers about the need to deal with uncertainty still is relatively low, al-
though 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 ma-
jor software project, DATools (Data Assimilation Tools). 

3.3 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 data-
base 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 imple-

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

tional 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 com-
mercial 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 
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obtained. DHI and CEH have an interest in pursuing this and are actively looking for possi-
bilities in this regard. RIZA is promoting the use of the database in the FP6 AquaStress pro-
ject. 
 

3.4 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 as-
sumptions made on the associated uncertainty is described and documented in a report. Com-
prehensive 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 2.4 above, we see two possibili-
ties 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 functional-
ities 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 2.4 we will explore the possi-
bilities for a collaboration with the EEA in this respect.  
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