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SUMMARY 
 
This report provides a review of existing decision support tools (DSS) in the field of long-term flood 
risk management as a basis for the development of a new tool covering outcomes of the integrated 
methodology of FLOODsite. The report documents research work carried out under Task 18, Activity 
1, Action 2. The overall aim is to identify the advantages and disadvantages of existing tools as well as 
the derivation of concrete demands for the future developments. The tools considered were 
predominately developed in Germany, The Netherlands and United Kingdom as well as some other 
European countries.   
 
As flood risk systems are highly complex, tools for decision support need to be rather sophisticated. 
This is particularly relevant for the inclusion of risk analyses, the system dynamic through climate and 
global change factors, the spectrum of measures and instruments for risk reduction as well as the 
multi-criteria assessment of existing and reduced flood risks. According to these multi-dimensional 
and non-structured problems the following definition of a DSS is used:  
 

A DSS is a computer-based approach or methodology supporting individual or collective 
decision makers in the solution of semi-structured problems. It uses a database and, models 
with an user interface and provides results in a readily assimilated way. 

 
Various tools have already been developed and tested in the field of flood research and in other areas 
of environmental science. Some of them are actually used in practice by water authorities and other 
flood risk managers. According to an initial literature and internet survey, altogether 19 DSSs have 
been identified as useful and of interest for an in-depth evaluation within this study. These tools are 
the: Planning Kit, Water Manager, IRMA-Sponge DSS Large Rivers, IVB-DOS, STORM Rhine, 
MDSF, EUROTAS, Flood Ranger, DESIMA, NaFRA, PAMS, HzG, DSS-Havel, WRBM-DSS, Elbe-
DSS, INFORM 2.0/.DSS, RISK/RISC, FLIWAS, FLUMAGIS. Four other DSS � RAMFLOOD, 
ANFAS, MIKE 11 DSS and EFAS � are briefly described but not further considered due to their 
specific concepts which do not fit with the main objectives of the DSS development of FLOODsite. 
Instead, some tools from river basin management are included. Their approaches also provide valuable 
information for flood risk management DSS tools. 
 
To consistently compare all tools and to derive their advantages and disadvantages, a wide-spread set 
of criteria and specific evaluation methods for each criterion is used. Five groups of criteria encompass 
the following thematic areas: Contents of the DSS regarding the representation of the �flood risk 
system�, �measures and instruments�, �scenarios for external change�, and �spatial and temporal 
scales� are reviewed. The criteria group data and methods encompass the criteria �input data�, 
�methods� used, and the consideration of �uncertainty�. The presentation of results is analysed via the 
criteria �target end-users� and �visualisation�. Technological realisation is covered by the criterion 
�software architecture�. Further aspects are applying the criteria �support� for users as well as 
�application and strengths and weaknesses�.  
 
Every single criterion is discussed taking into account its relevance for future DSS development. As 
some criteria are more or less neutral and descriptive, the review shows what exists and is common 
practice for them. Criteria which can be seen as having a positive or negative influence on the design 
of future DSSs are discussed more thoroughly and used to derive recommendations and guidelines. A 
key conclusion is that users should be in the focus of the DSS development and be integrated as early 
as possible. The users' skills and expectations determine whether a DSS is accepted and used and 
hence fulfils its general aim in finding better decisions. Meeting the user�s needs has different aspects 
such as dealing with the problem of flood risk management itself as well as all parts concerning the 
usability of the software. Recommendations based on the results of the review are given. 
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1. Introduction 

1.1 Background 
Flood risk management (FRM) is dealing with complex �flood risk systems� which can be described 
as causal relations of �sources�, �pathways�, �receptors� and �consequences� (Kundzewicz & 
Samuels 1997, ICE 2001, Sayers et al. 2002). The systems consist of hydro-meteorological processes, 
the generation of impacts on various receptors and the social, economic and environmental damages. 
Analyses of such systems on the scale of catchments or coastal cells need data collection and models 
from several fields. Risk reduction in the long term, moreover, requires the simulation of wide-spread 
measures and instruments and maybe the consideration of climate and global change trends. 
 
Neither single scientists nor decision makers of practical flood risk management are able to deal with 
the complexity of whole flood risk systems. Investigations or decisions accordingly are normally 
restricted to specific aspects. Comprehensive flood risk management which takes the main 
interrelations of whole systems into account needs methodological and technological integration. For 
societal decision makers, furthermore, the usability of the simulated risks and their assessment plays 
an important role. For this reason, so called Decision Support Systems (DSS) are used. They are 
already common for flood issues as well as for other tasks of water management and other fields. 

1.2 Objectives 
This investigation provides a review on existing DSS for flood risk management or similar tasks 
focussing on pre-flood prevention in the long-term. The main objective is to identify and assess 
existing tools as a basis for the further development of a DSS using the methodological innovations of 
the FLOODsite project. According to the perspective of EU-funded research, the review is mainly 
dedicated to European DSSs. The survey in principle also included international tools. But the 
documentation of the latter in both the literature and on the internet did not allow for an inclusion in 
the in-depth analyses. For all well documented tools comparative assessments are carried out to 
specify advantages and disadvantages of certain approaches and technologies. Together with the 
theoretical framework of flood risk management of Task 18 results are the basis for the design of an 
innovative DSS. 

1.3 Approach 
The review starts with a clarification of the term Decision Support System (DSS). Based on this, 
relevant tools are selected from flood risk management research and practice including related fields 
like river basin management according to the Water Framework Directive (WFD). Each tool is briefly 
described. The most important step is then to specify the evaluation criteria for the principle 
requirements of a DSS for flood risk management. These criteria encompass scientific and practical 
items and are applied to all selected tools. Finally, conclusions are drawn from these results and 
recommendations are made for future development of DSS tools for flood risk management. 
 
The research has been jointly carried out by the authors mentioned under the document information. 
The underlying review of individual DSS tools has been undertaken by the institutional groups of 
authors as specified in the Annex.   
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2. Decision Support Systems 

2.1 Definitions 
The term DSS is often very generally defined. Accordingly, different views exist about what a DSS is 
and of which components it consists. To derive a common understanding for this study, different 
definitions of DSS are presented and compared below. 
 
Following a commonly cited definition, a DSS is �an approach or methodology for supporting 
decision-making. It uses an interactive, flexible, and adaptable computer-based information system 
especially developed for supporting the solution for a specific non-structured management problem. It 
uses data, provides an easy user interface, and can incorporate the decision maker�s own insights. In 
addition, a DSS usually uses models and is built (often by end users) by an interactive and iterative 
process (evolutionary prototyping process). It supports all phases of decision-making and may include 
a knowledge component. Finally, a DSS can be used by a single user on a PC, or it can be Web-based 
for use by many people at several locations� (Turban & Aronson 2001, 77). Another definition 
(Brennan & Elam 1986, 130) states that DSSs are �computer-based systems whose objective is to 
enable a decision maker to devise high-quality solutions to what are often partially formulated 
problems.� Keen & Scott-Morton (1978, 97) note that DSSs �are computer-based support for 
management decision makers who are dealing with semi-structured problems.� 
 
The term �computer-based� is used in all definitions. Thus, a theoretical framework is not a DSS but 
can act as basis for the development of such a system. The physical realisation of a DSS can be based 
on the use of a stand-alone PC or a Web-server (Web-based DSS). An overview of the newly 
developing field of Web-based DSS is given by Rinner (2003). All definitions, moreover, contain 
descriptions of the problems as �non-structured�, �partially formulated� or �semi-structured�, which 
means that these types of problems cannot be solved by straightforward means e.g. by a computer 
programme. Thus, to deal with these complexities, application of general problem-solving strategies is 
needed (cp. Bonczek et al. 1988, 15). This can truly be accepted for flood risk management, as no 
simple solutions are at hand and the choice of a specific measure is afflicted with a high degree of 
uncertainty. 
 
DSSs typically aim at �management decision makers� or in general �decision makers�. They need not 
be individuals, but can also be a group or an organisation (cp. Leigh & Doherty 1986, 13). The 
involvement of end-users in the development process of a prototype DSS is an important aspect 
(Turban & Aronson 2001, 77). This maybe realised by application of the evolutionary lifecycle model 
including prototyping (explorative and evolutionary). In flood risk management, it is possible to 
identify many different end-users, e.g. policy makers, water managers and water authorities or people 
at risk such as the general public. Hence, this review includes systems addressing different end-users. 
 
From the comprehensive definition of Turban & Aronson (2001, 77) four typical components of a 
DSS can be derived:  
 
• data (database management system � DBMS) 
• models (model base management system � MBMS) 
• knowledge (knowledgebase management system � KBMS) 
• communication (graphical user interface � GUI) 
 
The components �database� and �models� are also mentioned in Thierauf�s (1986, 50) definition. 
DSSs can be classified as data, model, knowledge, and/or communication oriented (cp. Bohanec 2001, 
88), depending on the general aim/focus with respect to the adopted problem-solving-strategy. 
 
Against the explanation above, the following definition of a DSS is used in this study: A DSS is a 
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computer-based approach or methodology supporting individual or collective decision makers in the 
solution of semi-structured problems. It uses a database, models and a graphical user interface and 
provides its results mainly in a graphical way. The development of such a system may involve the 
users from the initial development stages through to development completion and onwards. 

2.2 Decision Support Systems in the context of flood research 
Based on the definition in Section 2.1, a survey of existing DSSs in the field of flood risk management 
with a long-term focus has been carried out. As only a few systems with real �long-term� strategies do 
exist, operational systems were also included as far as they could be seen as an additional useful 
source of information. The alternative would be to potentially lose valuable knowledge and 
experience. Similarly, DSSs used for river basin management according to the WFD have been 
considered (cf. CEC 2004, 10). 
 
Of the tools identified, those from Germany, The Netherlands and United Kingdom and other 
European countries were given an in-depth analysis. All selected systems need to consist of a data 
management system, a knowledgebase management system and a graphical user interface (see above). 
The model base may be classified into two types, a DSS which uses embedded models (�hard 
coupling�) and a DSS which mainly draws on results from external models (�soft coupling�). Both 
classifications are relevant for this study to avoid excluding all soft or all hard coupled tools.  For 
example, soft coupled tools may have advantages with performance or usability. 
 
Nineteen DSS tools are reviewed in-depth in this study which represents the comprehensive review 
part of this report (see Table 1). Additionally four other DSS tools � RAMFLOOD, ANFAS, MIKE 11 
DSS and EFAS � are briefly described to give an additional overview of their features. The systems 
were all developed in Europe as part of previous European Union research projects or under nationally 
funded projects. 

Table 1 Overview of DSS tools to be reviewed in-depth. 

DSS-Acronym Full Name 

Planning Kit  
IRMA-Sponge DSS 
Large Rivers 

 

IVB-DOS Integrale Verkenning Benedenrivieren � Discussie Ondersteunend 
Systeem (Integrated Exploration of the Lower Rivers � Discussion 
Supporting System) 

STORM Rhine Simulation Tool for River Management of the Rhine 
MDSF Modelling and Decision Support Framework 
EUROTAS European River Flood Occurrence and Total Risk Assessment System 
Flood Ranger  
DESIMA Decision Support for Integrated Coastal Zone Management 
NaFRA National-scale Flood Risk Assessment 
PAMS Performance-based Asset Management System 
HzG  Hochwasserinformationssystem zur Gefahrenabwehr (Flood Information 

System for Hazard Defence) 
DSS-Havel Decision Support System for the Havel river 
WRBM-DSS Werra River Basin Management DSS 
Elbe-DSS Decision Support System for the Elbe river 
INFORM 2.0/.DSS Integrated Floodplain Response Model 
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RISK Risikoinformationssystem Küste (Risk Information System Coast) 
FLIWAS Flood Information and Warning System 
FLUMAGIS Flusseinzugsgebietsmanagement mit GIS (GIS-based River Basin 

Management) 
 

2.3 DSS mainly for flood issues 
2.3.1 Planning Kit DSS/Water Manager 
The Planning Kit was commissioned by the Dutch Ministry of Public Works to support the �Room for 
the Rhine Branches� project; it was completed in 2004. It provides both policy makers and river 
managers in the Netherlands with a tool to evaluate a large number of alternative river design 
measures, taking into account the effects on flood stages, nature, ecology and costs. The Planning Kit 
serves to support decision-making on river designs for the Dutch Rhine Branches, and to communicate 
with stakeholders. The DSS does not provide insight into the origin of flood waves, nor in flood 
impacts. The simplified web-based version of the Planning Kit, called the �Water Manager� (see 
www.ruimtevoorderivier.nl) allows the general public to play with river design measures, to 
understand the issues involved in selection of strategies and to test different alternatives. Both the 
Planning Kit and the Water Manager were developed by WL | Delft Hydraulics. 
 
2.3.2 IRMA-SPONGE DSS Large Rivers 
The DSS Large Rivers is a decision support system for water managers and spatial planners, which 
supports the design of lowland rivers. The DSS was developed by WL | Delft Hydraulics within the 
IRMA-SPONGE Programme, and finalized in 2002. The project aimed to produce a generic DSS to 
support the �planning and assessment of river landscapes�, while applying the tool to a specific type of 
measure at specific locations: possible retention areas in Northrhine Westphalia, not far upstream of 
the Dutch border (Schielen et al. 2002). 
 
2.3.3 IVB-DOS 
IVB-DOS is a Dutch abbreviation for �Integrated Exploration of the Lower Rivers � Discussion 
Supporting System�. The DSS is thus not meant to be a �decision supporting tool� but a �discussion 
supporting tool� which is an important difference. The DSS was developed in the context of a large 
research project which aimed at the exploration of effects of water level reducing measures on the 
river stretches near the coast. The exploration should take into account legal safety standards (design 
discharges and water levels) and should result in a strategy that involves as little dike strengthening as 
possible and that harms nature as little as possible. The proposed measures should be implemented 
between 2000 and 2015. However the exploration should also consider the effects of the measures in 
the period between 2015 and 2050 in order to prevent future regret (Van der Linden 2001). 
 
2.3.4 STORM RHINE 
STORM is an abbreviation for �Simulation TOols for River and Floodplain Management�. STORM-
Rhine was developed (mainly by IHE-UNESCO, partly within the IRMA-SPONGE Programme) to 
simulate river and floodplain management issues in the Rhine system, covering the Netherlands and 
much of the main channel in Germany. The version reviewed here was completed in 2002 but further 
development may be ongoing. The main goal of the tool is to help create awareness of relevant issues 
amongst stakeholders in the policy debate: river engineers and decision makers. It supports discussion 
through a simulation game in which stakeholders represent other stakeholders with different interests. 
In order to reach their aims the players must negotiate, cooperate and interact. The effects of decisions 
are simulated immediately by the instrument. Actors can discuss more openly and relaxed in this 
game, than they could when real day-to-day situations are involved. The assumption is that this 
improves understanding and communication in real life. The game was designed for employees of 
governments, water boards and interest groups involved in river management (Heun et al. 2002). 
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2.3.5 MDSF 
The Modelling and Decision Support Framework (MDSF) was developed by HR Wallingford, 
Halcrow, the Centre for Ecology and Hydrology and the Flood Hazard Research Centre (FHRC).  It 
was created to support the implementation of Catchment Flood Management Plans (CFMPs), a major 
initiative of the Department for Environment, Food and Rural Affairs (Defra), the Welsh Assembly 
Government and the Environment Agency (EA) of England and Wales.  A CFMP is a high-level 
strategic planning tool through which the EA will seek to work with other key decision-makers within 
a river catchment to identify and agree policies for sustainable flood risk management. In practice, the 
MDSF is also suitable for use with Shoreline Management Plans (SMP), which provide a large-scale 
assessment of the risks associated with coastal processes and hence present a long-term policy 
framework to reduce these risks to people and the developed, historic and natural environment in a 
sustainable manner.  Other MDSF applications include strategy studies, pre-feasibility studies and 
other similar appraisals. 
 
2.3.6 EUROTAS 
The EUropean River Flood Occurrence & Total Risk Assessment System (EUROTAS) was funded by 
the European Commission from the 2nd call of the Fourth Framework under the Hydrological Risk 
component of the Environment and Climate Programme. The EUROTAS Decision Support System 
provides a framework to assist planners and decision makers in undertaking catchment studies whilst 
fulfilling a range of objectives. These include undertaking river management studies in a �quality 
assured� manner through some form of information management system; ensuring the decisions made 
and their predicted consequences are recorded and that the benefits and drawbacks can be 
demonstrated to the relevant stakeholders and political decision makers. The EUROTAS Project was 
led by HR Wallingford with contributions from the Danish Hydraulic Institute (Denmark), Delft 
Hydraulics and the Institute of Inland Water Management and Waste Water Treatment (Netherlands). 
 
2.3.7 Flood Ranger 
FloodRanger is an educational game about managing flood defences along rivers and coasts, but is 
included here as it incorporates some of the concepts peculiar to long-term planning, such as future 
population or climate change scenarios. It is intended to raise awareness of flood and coastal defence 
issues in a way that is both fun and thought-provoking. The game uses a virtual terrain loosely based 
on the east coast of England and the objective is to defend urban areas and sites of special scientific 
interest while maintaining levels of housing and employment for an expanding population. The 
development of FloodRanger was funded by the Office of Science and Technology in the UK as part 
of the Foresight programme. It is a joint project of Discovery Software Ltd. and View the World Ltd. 
 
2.3.8 DESIMA 
Decision Support for Integrated Coastal Zone Management (DESIMA) is an information tool 
developed under a European Commission project in 1998 led by Matra Systems & Information from 
France, with partner contributions from Mecanique Appliquee et Sciences de l'Environnement (ACRI) 
in France, Satellite Observing Systems UK, and HR Wallingford UK. The project aim was to provide 
an information tool for decision makers to give efficient answers for the development of operational 
and integrated coastal zone management. The coastal zone experiences a variety of increasing and 
competing demands and a major challenge is to achieve a balance among the sometimes incompatible, 
activities such as tourism, fishing, hazard mitigation and marine research. The need was therefore 
identified for a tool to assist decision-making, effective management, protection and development of 
the coastal zone. 
 
2.3.9 NaFRA 
The National Flood Risk Assessment (NaFRA) DSS tool, commissioned by the Environment Agency 
of England and Wales, has been developed by HR Wallingford with support of John Chatterton and 
Associates and Halcrow to support national planning policy in the UK. It is specifically designed for 
national application and enacts the so-called RASP (Risk Assessment of Flood and Coastal Defence 
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for Strategic Planning, http://www.rasp-project.net/) High Level Methodology that forms part of a 
consistant hierarchy of risk assessment methods developed by HR Wallingford with support of the 
University of Bristol for the Environment Agency.  This DSS has been used to support Foresight and a 
series of national flood risk assessments since 2000. 
 
The NaFRA DSS tool is a national application of the High Level Method, which provides consistent 
information to support flood management policy, strategic prioritisation of investment in defence 
improvements or other flood management options and monitoring the performance of flood risk 
mitigation activities. 
 
Note: Although the NaFRA DSS tool is fully-coded and functional, it is not a commercial software 
tool with a specifically designed User Interface. However, it has been used for the national 
applications in 2002, 2004 and 2005 and NaFRA 2006 is now underway. Each national application 
provides an improvement on the previous application, in that the methods and data sets are constantly 
evolving. 
2.3.10 PAMS 
The Performance-based Asset Management System (PAMS) is a tool which enables flood and defence 
managers to assess the performance of, and management requirements for, existing flood defence 
assets. These may involve maintenance, adoption/replacement or removal. The long-term planning 
functionality provides a means of identifying the preferred management intervention to achieve a 
particular performance outcome or expenditure profile. 
 
The PAMS DSS tool is included here, although it is still under development, due for completion in 
June 2007. To clarify, the conceptual methodologies which underpin the PAMS DSS are at an 
advanced stage of development and many of the DSS modules have been finalised. However, the final 
front end and interfacing between the modules is still under development. 
 
2.3.11 HzG 
The German Flood Information System for Emergency Defence (Hochwasserinformationssystem zur 
Gefahrenabwehr HzG) provides decision support for water managers, the public administration, civil 
protection units (police, ambulance, German governmental disaster relief organisation (Technisches 
Hilfswerk, THW), fire brigade), and the public before, during and after a flooding event. The HzG is a 
pilot project of the German federal state Baden-Württemberg within the Interreg IIIB project NOAH, 
additionally funded by the Federal states Working Party on Water (Länderarbeitsgemeinschaft Wasser 
LAWA). HzG is field-tested in the county of Rastatt (Landkreis Rastatt) and will be transferred to the 
levels of the regional government (Regierungspräsidium) and the federal state. 
 
The web-based system consists of four modules: water level information, flood risk maps, emergency 
defence pinboard, and information to the public. The water level information module uses existing 
near real-time data from the flood prediction centres (Hochwasser-Vorhersage-Zentralen) which act as 
triggers for certain flood protection and defence measures (roadblocks, providing of sand bags). The 
flood risk maps are based on different flooding and dike failure scenarios that are pre-processed. The 
module emergency defence pinboard integrates/pools deployment plans and spatial information (dikes, 
infrastructure, depots with dike defence material, etc.) showing the relevant authorities which 
measures should be undertaken. In the module information to the public data about water levels and 
flood risk maps are disseminated. 
2.3.12 RISK 
The German Risk Information System Coast (Risikoinformationssystem Küste, RISK) was developed 
by the Franzius-Institute for Hydraulic, Waterways, and Coastal Engineering at the University of 
Hannover (Germany) as a DSS for Integrated Coastal Zone Management in the area of the North Sea 
Coast belonging to the federal state of Lower Saxony (von Liebermann & Mai 2002, Weigel & Mai 
2002). The system analyses the consequences of the inundation of the dike hinterland due to the 
failure of the defence system by dike breaches. RISK contains information on the coastal defence 
system (maps, satellite images, technical drawings, design specifications, pictures), the damage 
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potential in the hinterland, risk maps, flooding scenarios based on historical events or the future raise 
of the sea level caused by climatic changes, and different coastal defence measures. Potential users are 
decision-makers and various stakeholders dealing with coastal defence and coastal zone management, 
respectively. 
 
The system is implemented using ESRI�s ArcView 3.1 and AVENUE as DSS generator. It externally 
uses the model SWAN (Shallow Waves Near Shore) for deriving swell from sea water level and wind 
statistics, and MIKE 21 HD for the numerical simulation of flooding after dike breaches (Mai & von 
Liebermann 2001). The results are mainly displayed as static or dynamic maps, showing the spatial 
distribution of water levels and damages derived by damage functions (based on surveys in The 
Netherlands after the 1953 storm surge). Additionally, aggregated risk and damages are available. 
 
In the framework of the project �Climate change and preventive risk and coastal defence management 
at the German North Sea coast� (Klimawandel und präventives Risiko- und Küstenschutzmanagement 
an der deutschen Nordseeküste KRIM) the DSS will be supplemented, respectively redesigned taking 
social and ecological aspects into account (cp. Kraft 2003). 
 
2.3.13 FLIWAS 
Mainly based on the concept of the HzG, the FLood Information- and WArning System is a further 
development within the Interreg IIIB-Project NOAH. It is coordinated by the Dutch Foundation for 
Applied Water Research STOWA (Stichting Toegepast Onderzoek Waterbeheer) in cooperation with 
the Dutch Ministry of Transport and Waterways RIZA (Rijkswaterstaat). The German partners are the 
flood protection centre Köln (Hochwasserschutzzentrale Köln), and the federal state of Baden-
Württemberg with subordinated local authorities (NOAH Project Office 2004). Connections exist to 
the projects HIS (Hoogwater Informatie System) and VIKING (Improvement of Informations for civil 
protection of the German federal state Northrhine-Westphalia and the province of Gelderland 
(Verbesserung der Informationseinrichtung Katastrophenschutz In Nordrhein-Westfalen und 
Gelderland)), which have comparable aims. 
 
The primary objective of the project is to build a web-based transnational system for the management 
of information during a flooding event, bundling existing systems and sources of information in a 
coherent and reliable framework. Target users are water managers and official decision makers as well 
as the general public and the media. The system should also be used for training purposes of local 
authorities and civil protection organisations, simulating certain flooding scenarios. The use of 
FLIWAS for disaster relief exercises with civil protection units integrating the general public aims on 
building or enhancing public awareness for the future. 
FLIWAS is developed as a modular server-based multi-platform application. It uses spatial 
information in the form of digital maps and provides its information and features graded, depending on 
the users requirements (e.g. public, civil protection units, official decision maker) (De Gooijer & 
Kauppert 2005). 
 
2.3.14 RAMFLOOD 
The RAMFLOOD DSS tool is a deliverable of the EC 5th Framework Project RAMFLOOD, which 
included six partners from Spain, Germany and Greece. The project aim was to develop and validate a 
new web-based decision support system for risk assessment and management of emergency scenarios 
due to severe floods. This entailed combining advanced information technologies with advanced 
methods for collecting, processing and managing hydro-geological data, qualitative methods based on 
simplified models and more complex computer simulation models, graphical visualisation methods 
and artificial intelligence techniques, in order to provide comprehensive support so as to improve the 
process and outcome of decision making in flood management and risk assessment during the different 
stages of planning, flood event management and post flood recovery. 
 
The product is a web-based decision support system which means that the end-user can work with it 
through a web browser. It includes the following utilities: 
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• Flood hazard analysis on a study area in real time 
• Access to flood related information 
• Users' communication tools 
• New projects development tools 
• Users' management 
 
The RAMFLOOD DSS tool has an open architecture. The development is based on an original 
approach identified as the intelligent decision support architecture. The RAMFLOOD model base 
includes some simple hydrological forecasting tools and allows for the integration of alternative 
existing tools and others which are in the process of development. For further information on the 
RAMFLOOD DSS see: http://www.cimne.upc.es/ramflood/. 
 
2.3.15 ANFAS 
Description 
ANFAS is a decision support system developed as part of a joint IST project between the EU and the 
People�s Republic of China. The system can be used by decision makers and stakeholders to simulate 
river floods and estimate the potential impacts. 
 
Architecture 
A key characteristic of the integrated system is that it is web-based with a distributed architecture. 
This architecture was adopted because (i) with the storage of all data on the server data updates are 
immediately available to end users and (ii) since the numerical models often require excessive 
computational time the models can run on separate computers dedicated to the task. In order to 
compare flood scenarios and assess the impacts, it integrates in a transparent way for the user different 
modules: 
 
• Remote sensing / computer vision. The topographic data is prepared from a variety of sensors e.g. 

SAR, LiDAR, SPOT. 
• Geographic Information System (GIS) data bases 
• Numerical hydraulic models. The existing models are CARIMA (1/1.5D) and FESWMS (2D). 
• Impact assessment procedures. This is where the results are used to evaluate the impact of the 

flood on the surrounding area. 
 
Users have the capability to replace some models with their own, including data sets. 
 
Data 
Data of various nature (topographic, hydrologic and socio-economic) and different acquisition 
techniques (ground survey, airborne and satellite remote sensing) are fused and integrated in specific 
data bases to be used in the different modules: set up and calibration of the hydraulic models and 
evaluation of the elements at risk. 
 
Visualisation 
Extensive visualisation capabilities have been implemented and end users can visualise the results in 
terms of graphs or maps on the web or download them on their PC using specially designed software. 
 
Application 
The system was tested in three pilot sites: the Loire river in France, the Vah river in Slovakia and the 
Yangtze river in China (Pratacos et al. 2006). 
 
Target End Users 
The ANFAS target user group is technical staff, managers, stakeholders and decision makers who 
have background in floodplain management and could interactively use the system and interpret its 
output. It is not intended for highly skilled hydraulic experts or modellers. 
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Measures & Decision Support 
Decision makers must determine what are the most appropriate structural or non-structural measures 
to take in order to prevent floods and to mitigate their impact. ANFAS includes facilities that permit 
users to define scenarios that consist of modifications in the hydraulics structures and perform �what-
if� simulations. 
 
2.3.16 MIKE 11 DSS 
Description 
The MIKE 11 DSS was developed by the Danish Hydraulic Institute (DHI) in Denmark. It is used at a 
planning level in assessing proposed flood mitigation options and preparing environmental impact 
assessments. It provides a strategic integrated Flood Plain Management approach, and it incorporates 
the 1D hydraulic modelling software MIKE 11 for flood analysis and flood plain management. The 
DSS considers the full impacts of flood extents, flood depths and flood damage of present or future 
options, i.e. "What if" scenarios can be modelled. The MIKE 11 hydraulic mode is linked to ArcGIS 
within a DSS framework. This enables presentation of flood inundation maps, flood impact maps and 
related statistics.  
 
Target Users 
The use of the MIKE 11 DSS is aimed at hydraulic modellers. The modeller presents the results to 
decision makers at all stages of the integrated process. 
 
Visualisation 
The map illustrates the results from model simulations in a visual format, facilitating interpretation 
and analysis of potential impacts. Several flood maps can be merged into a video, which animates to 
an example the development of flood inundation during a flood event. 
 
Use of Output 
The outputs are used for Environmental Impact Assessments, Flood Risk Analyses, Flood Damage 
and Disaster Assessments. 
 
Data 
The floodplain topography is essential. The MIKE 11-GIS interface also allows for extraction of flood 
plain topography from the Digital Elevation Model (DEM). 
 
2.3.17 EFAS 
The European Flood Alert System (EFAS) is a European Commission product, currently under 
development, which builds upon the European Flood Forecasting System (EFFS) and is intended to 
complement national flood forecasting systems. It is an activity of the Joint Research Centre of the 
European Commission together with meteorological services and Water Authorities of the Member 
States and Candidate Countries. The aim is to develop a prototype EFAS that will be tested and 
validated during the EC 6th Framework Programme. It will provide: 
 
• An overview of forecasted river discharges across Europe 
• Early flood alerts to national forecasting centres between 3-8 days in advance 
• Translation of meteorological forecast uncertainty into flood risk uncertainty 
• A comparison of flood risk using different meteorological forecasts 
 
EFAS incorporates the LISFLOOD modelling software, which is a spatially distributed water balance 
model that will form the backbone for detailed modelling practices in different regions in Europe or 
for individual basins. It has been adapted to run for the whole of Europe with a horizontal resolution 
between and 1 and 5 km. - A prototype of EFAS for the Elbe and Danube catchments is expected to be 
ready and tested by 2006. For further information on EFAS, see http://efas.jrc.it/index.html. 
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2.4 DSS from other thematic areas 
2.4.1 INFORM 2.0/.DSS 
The Integrated FlOodplain Response Model (INFORM) is developed by the German Federal Institute 
of Hydrology (Bundesanstalt für Gewässerkunde, BfG) aiming at hydraulic engineers in the German 
Federal Water and Navigation Administration (Wasser- und Schifffahrtsverwaltung des Bundes, 
WSV) (cp. Fuchs et al. 2003). The system should assist the planning engineers in evaluating the 
ecological effects of technical measures (e.g. groins, dikes, etc.) on the floodplain ecosystem. Based 
on a modular architecture, INFORM consists of several modules/models, e.g. VMODFLOW for 
groundwater tables and flow, WASBOD for the soil water budget, MOVER for the vegetation 
dynamics, MOCAR for ground beetles (Caraboides), visualisation, comparison, sensitivity analysis, 
and assessment. 
 
Due to the fact that many of the components need expert knowledge to be run, the usage of the system 
is divided into parts which are operated by the engineer himself (INFORM.DSS), and parts which are 
operated by the BfG (INFORM 2.0). The former deals with the specific area, the detailed description 
of the technical measures and its evaluation, the latter mainly parameterises and runs the expert 
models and handles the results back to the engineer. 
 
2.4.2 DSS-Havel 
The DSS-Havel has been developed as part and final objective of the BMBF research project �Water 
management options in the Havel river basin� (Bewirtschaftungsmöglichkeiten im Einzugsgebiet der 
Havel) (cf. Bronstert et al. 2005). It deals with alternative RBM options and their influence on water 
amount and water quality. The system allows the comparison of different strategic alternatives in the 
frame of management scenarios (cf. Schanze et al. 2005, Jessel & Jacob 2004). Lahmer (2003, 18) 
describes the following tasks: (1) supply of information on data, models, model results, management 
alternatives, and recommendations, (2) education and gain of knowledge through dissemination and 
analysis of the results of management alternatives, (3) communication between scientists, decision-
makers, users and the public, and (4) support of the river basin management. Concluding, the system 
acts as an information, management, communication and education tool. 
The system should meet the following needs: It should be developed with a low financial effort and 
work fast and reliable on common PCs. No dynamic, complex and processing intensive models will be 
integrated to maintain user-friendliness and applicability, so the focus is set on information and 
communication features (Lahmer & Pfützner 2003). 
 
Effects of measures under different scenario conditions are pre-processed by dynamic models (e.g. 
ArcEgmo, ArcEgmo-URBAN, SWIM) and stored as spatial data and parameter values in the course of 
time in a central database. Comparisons are carried out by the use of multicriteria and ranking 
procedures, considering costs and effectiveness of different measures. 
 
2.4.3 Werra River Basin Management-DSS 
Within the German Federal Ministry of Education and Research (BMBF) research project "River 
Basin Management Werra" a DSS has been developed. It aims at helping planners and decision-
makers in choosing cost-efficient measures to implement the WFD (cp. Schumann 2004, 2005). 
Despite the fact that this system deals only marginally with flooding, it is worth looking at due to its 
innovative approaches in multicriteria decision analysis and support. 
The system by itself consists of spatial data on water bodies and land use (GIS, based on ESRI's SDE 
and IMS), a database of management measures combined with their pre-simulated effects, and a multi-
criteria decision analysis component. The latter allows an interactive and visual exploration of the 
decision space using the Reasonable Goal Method and the Interactive Decision Map Method (cp. 
Dietrich et al. 2004). For performance reasons, models were not included. This leads to the effect that 
for the evaluation of new measures modelling has to be repeated. Building the DSS by an iterative 
process, divided into planning and deciding phase, results in a relatively easy solution concerning the 
problem of integrated modelling. 



FLOODsite Project Report  
Contract No:GOCE-CT-2004-505420 

T18_06_01_DSS_Review_D18_1_V2_2_P01.doc  08 05 2007 
11 

 
2.4.4 Elbe-DSS 
The Elbe-DSS was developed within the research network �Elbe river ecology�, founded by the 
German Federal Ministry of Education and Research (BMBF) project �Project group Elbe river 
ecology�, which started in 1996. Research was coordinated by the German �Bundesanstalt für 
Gewässerkunde�, collaborating with different partners for the DSS development (University of 
Osnabrück, Research Institute for Knowledge Systems, University of Twente, Infram International 
BV, Intevation GmbH) and multiple other partners providing data, knowledge and support (Kofalk et 
al. 2004, 2005). 
 
General aim was the development of a DSS for the areas of river basin management and flood risk 
management to show the potential users current scientific possibilities. The part of flood risk 
management became of special interest after the flood event of August 2002 and now plays now an 
important role within the DSS. At the moment, due to a lack of data, just a prototype version called 
�Pilot DSS Elbe� does exist. 
 
The DSS is divided into four main modules, working on different scales and focusing on different 
fields. Module �Catchment� (Modul Einzugsgebiet) deals with the processes influencing the quantity 
and quality of runoff in the catchment (model area: 97 000 km²), module �River network� (Modul 
Fließgewässernetz) focuses on matter transport and chemical processes in river segments within the 
catchment, and module �Main channel� has three aspects: Ecology of the floodplain, flood risk, and 
navigation properties (stream kilometres 0-585,9). The last module �River section� (Modul 
Flussabschnitt) works on ecological relations between river, floodplain and flood risk on a very 
detailed level (stream kilometres 412�422) (Berlekamp et al. 2005, 13). The latter includes parts of the 
above mentioned INFORM 2.0. - The processes of each module are described by system diagrams, 
showing variables and interactions. Simulations can be carried out by the use of integrated models or 
pre-processed scenarios, depending on the data availability and computation effort. 
 
2.4.5 FLUMAGIS 
The FLUMAGIS project, led by the Geoinformatics Department of the University of Münster, aims at 
developing a generic interactive computer-based prototype tool for river basin management and 
planning, using the catchment of the Ems as an example region. The systems focus is on 2D/3D 
visualisation of the present state and the future state after conducting miscellaneous measures using a 
multidisciplinary knowledge base in the form of a causal network (Möltgen et al. 2005, Möltgen & 
Streit 2004). Through a participatory approach, the different actors can evaluate their decisions in a 
transparent and very realistic way. As the system is tailored to the planning phase, especially scenario 
planning, the developers call it a Planning Support System. 
 
The system has a modular and open client-server-based software architecture, integrating different 
modules for scientific and socio-economic evaluation of present and future state, scale dependent 
modelling of water and matter balances, knowledge base (ontologies, causal networks, petri nets) as 
well as editing and visualisation. The coupling of the components is realised by XML-based interfaces 
and for the geodata on the one hand by a proprietary API (ArcSDE), and on the other hand by OGC 
conform services (Web Mapping Service WMS, Web Feature Service WFS, Web 3D Service W3DS) 
(May et al. 2004). 
 
In the early beginning phase, stakeholders (farmers, fishermen, drinking water suppliers, waste water 
contractors) and planning authorities (local governments, environmental agencies, chamber of 
agriculture) were identified and integrated in the development process, obtaining a high level of 
acceptance in practice. 
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3. Review 

3.1 Methodology 
All DSS identified for an in-depth analysis are assessed against a number of criteria. These criteria 
represent various features of the tools which can be grouped as follows: 
• Contents 

- Criterion �Flood risk system� 
- Criterion �Measures and Instruments� 
- Criterion �Scenarios of external change� 
- Criterion �Spatial and temporal scales� 
- Criterion �Results� 

• Data and methods 
- Criterion �Input data� 
- Criterion �Methods� 
- Criterion �Uncertainty� 

• Presentation 
- Criterion �Target end-users� 
- Criterion �Visualisation� 

• Technological realisation 
- Criterion �Software architecture� 

• Others 
- Criterion �Support� 
- Criterion �Application and strengths and weaknesses� 

 
Criteria under contents should provide information on the subject of decision support which means the 
system considered with its elements and processes. In terms of flood risk management the so-called 
�flood risk system� is used as one criterion. Moreover, potentially interventions in this system by 
physical measures and policy instruments are of interest and, therefore, named with the homonymous 
appellation �Measures and instruments�. For long-term planning furthermore the ability to include 
�scenarios of external change� is seen as one criterion. Finally, and more general, the acceptable level 
of uncertainty together with minimum and maximum �spatial and temporal scales� of applicability in 
the results play an important role for the characterisation of a DSS . 
 
The group data and methods encompasses the criteria �input data�, �methods� and �uncertainty�. 
�Input data� are the fundamentals a DSS is built on and define to a great extent its applicability to 
different sites with different conditions, e.g. some sites may require detailed survey whereas others 
may rely on less refined data and hence require less effort. Criterion �Methods� consists of three items 
which are dealing with the applied scientific or technical methods. Criterion �Hydrometeorological 
modelling� lists hydraulic or rainfall-runoff models, under criterion �Damage modelling/risk 
assessment� methods for determining risk or potential damage are described and finally criterion 
�Kind of assessment� deals with methods like mono- or multi-criteria analysis for evaluating the 
overall effects of certain measures in reaching a given goal, e.g. proof of flood protection system for a 
given return period. �Uncertainty� in principle is emerging from the contents, i.e. the input data 
(natural variability) and the systems description within the applied methods (knowledge uncertainty). 
Here, methods for taking into account the uncertainty of the final results are mentioned. 
 
Presentation specifies the audience and the possible (graphical) outputs of a DSS which are intended 
to be user-friendly. Therefore, the criteria �target end-users� and �visualisation� have been defined. 
The group technological realisation is dedicated to IT. Here, the criterion �software architecture� is 
of interest. The last group others covers remaining criteria which represent higher aggregated 
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information. The first criterion refers to the previous and future �support�. The second, more 
generally, sums up the �application and strengths and weaknesses� of the systems from the users 
perspective. 
 
Criteria are normally further partitioned into specific items with a certain scale (e.g. metric, ordinal). 
Here, recommended values are given as far as reasonable to use common terms and make the results 
comparable. 

3.2 Criteria 
3.2.1 Criterion �Flood risk system� 
Within FLOODsite the approach of describing the flood risk system in terms of a Source-Pathway-
Receptor-Consequence (SPRC) model (Sayers et al, 2002) has been generally accepted (FLOODsite 
Consortium 2005). It allows the consistent description and analysis of all processes and parameters 
influencing flood risks. Sources are the hydrometeorological drivers of the flood hazard and are 
closely related to the generation of floods (e.g. precipitation and runoff generation for inland flooding 
or storms forming waves for coastal floods). The pathways specify the wave propagation in the river 
channel or along the coast and depend on the hydromorphology and physical risk reduction measures 
(e.g. overtopping of dikes, inundation of the hinterland etc.). Receptors are all elements which may be 
harmed by a flood (e.g. population, property, ecosystems). Finally, consequences are the effects of a 
hazard on a given receptor (e.g. damage to property, loss of life, loss of habitats). The probability of a 
flood event times the vulnerability results in risk (ibid.). Comparing this risk concept with the SPRC 
model, sources and pathways form the hazard term and receptors and consequences can be assigned to 
vulnerability. 
 
It should be noted that the �Source� may vary for different DSS tools. For example, a DSS tool may 
include the precipitation as the Source Term (i.e. model the rainfall and runoff) or it may consider the 
coastal loadings as the Source (i.e. the coastal models are external). Thus, the Source and Pathway 
elements should always be described in accordance with the modelling methods adopted.  
 
Assessing and reducing flood risk can be undertaken by altering either of the SPRC factors using 
certain measures and instruments. In terms of DSS this results in different modules dealing with the 
operationalisation and calculating of each factor (e.g. a pathway module consisting of a hydraulic 
model) as well as their relations. Accordingly, the applied modules have to be noted to get an 
overview on how the flood risk system is displayed in different DSSs. 

Table 2 Item descriptions for criterion �Flood risk system�. 

Item Name Sources Pathways Receptors Consequences Comments 
Data level boolean boolean boolean boolean Nominal 
Examples y/n y/n y/n y/n  

 
3.2.2 Criterion �Measures and instruments� 
To reduce flood risk, typically interventions are implemented within the flood risk system.  These aim 
to alter either the hazard by modifying sources or pathways or the vulnerability by changing receptors 
or consequences. These interventions are classified in FLOODsite Task 12 �Methodology for ex-post 
evaluation of measures and instruments� into measures and instruments (cf. Olfert & Schanze 2005). 
Measures are direct physical interventions, whereas policy instruments are interventions triggering 
mechanisms which can (indirectly) lead to the intended results. 
 
The assessment of a certain measure, instrument or combinations of these is a key functionality of a 
DSS for flood risk management. In order to avoid using single site-specific interventions available in 
the DSS, a typology of the measures and instruments seems to be a valuable textual resolution level 
for the review (Olfert & Schanze 2006, 15ff): 
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• Adaption measures: Alteration of non-built physical conditions, e.g. tillage practices to reduce 
runoff. 

• Control measures: Direct physical creation, alteration or removal of built structures, e.g. dike 
relocation, groynes, deepening of the river bed. 

• Retreat measures: Removal of elements at risk, e.g. evacuation, relocation of buildings. 
• Regulation instruments: Statutory regulations, e.g. legal planning. 
• Stimulation instruments: Financial advantages or disadvantages, e.g. subsidies, taxes. 
• Communication instruments: Provision of information, e.g. warnings, recommended actions. 
• Compensation instruments: Mitigation of individual losses, e.g. insurances. 
 
Systems which allow the combination of different measures and instruments at the same time 
(strategic alternatives) are indicated by a separate item. 

Table 3 Item descriptions for criterion �Measures and instruments�. 

Item Name Adaption 
meas. 

Control 
meas. 

Retreat 
meas. 

Regu-
lation 
instr. 

Stimu-
lation 
instr. 

Communi-
cation 
instr. 

Compen-
sation-
instr. 

Strategic 
alterna-
tives 

Data level boolean boolean boolean boolea
n 

boolea
n 

boolean boolean boolean 

Examples y/n y/n y/n y/n y/n y/n y/n y/n 
 
3.2.3 Criterion �Scenarios of external change� 
Inclusion of the system dynamic and future states of the flood risk systems is essential for DSS dealing 
with long-term planning. Following the FLOODsite Language of Risk (FLOODsite Consortium 2005, 
16) the term �scenario� can be defined as, �a plausible description of a situation, based on a coherent 
and internally consistent set of assumptions.� These assumptions could be trends of certain parameters 
extrapolated to the future (precipitation, population, land use) or assumed conditions, e.g. a specific 
discharge. Depending on the amount of parameters under consideration, scenarios differ in 
complexity, ranging from just changing one value ceteris paribus to integrated holistic scenarios 
incorporating different natural and societal aspects. 
 
The term �external change� refers to factors of the flood risk system which cannot be controlled 
within the scope of flood risk management. Here, we distinguish the fields of climate, demographic 
and land-use changes. 

Table 4 Item descriptions for criterion �Scenarios of external change�. 

Item Name Climate 
change 

Demographic 
change 

Land-use 
change 

Comments 

Data level boolean Boolean boolean nominal 
Examples y/n y/n y/n only one parameter (discharge) 

 
3.2.4 Criterion �Spatial and temporal scales� 
Within DSSs for long-term flood risk management the factor time is implicit, leading to the following 
questions (see Table 5): Is time taken into account and if yes, on what time horizon is the system 
working and what is the temporal resolution (time steps)? This should be examined for the whole 
system as well as for each coupled model. E.g. a system evaluates the effects of land-use changes 
planned over a time horizon of 10 years, running a rainfall-runoff model with the future conditions 
using time steps of 1 hour. These items show data needs as well, e.g. the dependency of a system on 
high resolution data in the course of time. 
 
Another feature is the integration of the spatial dimension, as flooding is definitely a spatial 
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phenomenon. It is necessary to consider whether the spatial dimension is explicitly contained, e.g. by 
use of a GIS and at which scale (a whole catchment or just a part of the river). Furthermore, the 
internal representation of the spatial scale is of interest. E.g. is the system raster- or vector-based or 
does it allow or even require the use of both types of data (hybrid systems)? 

Table 5 Item descriptions for criterion �Spatial and temporal scales�. 

Item Name Planning 
time 
horizon 

Scenario 
time 
horizon 

General 
time steps 

Model time 
steps 

Spatial 
scale 

Spatial data 
format 

Data level metric metric metric metric ordinal nominal 
Examples years years years hours catchment, 

river 
segment 

raster, 
vector, 
hybrid 

 
3.2.5 Criterion �Results� 
This criterion describes all outcomes of the systems directly visible to the user (see Table 6).  In terms 
of  the flood risk system it consists of the sources forming the hazard (e.g. loads like water levels with 
a specific probability), processes additionally accounted for by the pathways (sediment transport, 
water quality), social, economic and ecological values representing vulnerability as well as flood risk 
calculated from the probability of a given hazard and the vulnerability. Additionally, measures and 
instruments are described, followed by statements about dynamic visualisations of long-term effects. 

Table 6 Item descriptions for criterion �Results�. 

Item Name Hazard: 
water level, 
probability, 
� 

Other 
attributes 
(e.g. debris, 
water 
quality) 

Vulnerability: 
economic, 
social, 
ecological 

Flood risk: 
Probability 
of damages 

Measures 
& 
instruments 

Dynamic 
[long-
term?] 

Data level nominal nominal nominal nominal nominal nominal 
Examples       

 
3.2.6 Criterion �Methods� 
The criterion �Methods� (see Table 7) aims at describing the scientific tools used for building the 
content of the DSS, i.e. tools that are in- or outside the DSS and that are necessary to run the system. 
These methods typically exist in the form of models, e.g. for calculating hydrodynamics or predicting 
water quality. Another group of methods applied are those for calculating flood damages and last but 
not least, those for assessing the different types of measures by mono- or multi-criteria techniques. 
Under criterion �Software architecture� in Table 25 (Annex) a list of the models included in the DSS 
is shown and the methods of coupling (soft/hard, internal/external) are described.  
 

Table 7 Item descriptions for criterion �Methods�. 

Item Name Hydromet modelling Damage modelling Assessment methods 
Data level nominal nominal nominal 
Examples Rr damage functions mono-criteria 

 
To compare the different hydrometeorological models, the following six groups are distinguished: 
rainfall-runoff models (rr), hydraulic models (hyd), water quality models (wq), sediment transport 
models (sed), integrated catchment models (icm) and ecological models (eco). Due to the limited 
number of documented damage models and assessment methods, no grouping could be performed and 
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only catchwords are given. 
 
3.2.7 Criterion �Uncertainty� 
The concept of uncertainty refers to the problem of determining what a �true� result is, i.e. to which 
degree a calculated or measured parameter value differs from reality. Sources of uncertainty in the 
field of flood risk management, especially when modelling natural or societal systems, are improper 
understanding of the systems behaviour, known as knowledge uncertainty, and natural variability of 
parameters like precipitation or discharge (cf. Hall 2003, FLOODsite Consortium 2005). E.g. 
measurements of water levels represent only a part of the population. 
 
As uncertainty influences the decision process considerably, e.g. by determining the level of 
confidence a decision maker has on the results, it is necessary that the DSS takes account of this where 
possible. 

Table 8 Item description for criterion �Uncertainty�. 

Item Name Uncertainty representation 
Data level nominal 
Examples Upper and lower bounds 

 
3.2.8 Criterion �Target end-users� 
The review should figure out the addressed user(s) (see Table 9) and their context. This especially 
means whether a system explicitly aims at individuals, groups, or institutions (e.g. Group Decision 
Support System) or multiple combinations of them. As decisions are made on different societal and 
professional levels, it is needed to consider whether the DSSs are taking these different levels of 
decision making into account. Additionally, the user�s professional background has to be considered. 
E.g. is the system designed for experts, policy makers, or people with a basic or even profound 
knowledge of the subject? 

Table 9 Item descriptions for criterion �Target end-users�. 

Item Name End-user Knowledge level 
Data level Nominal Ordinal 
Examples water managers, policy makers no, basic, expert 

 
3.2.9 Criterion �Visualisation� 
The visualisation (see Table 10) of the effects resulting from different management measures is a core 
element within a DSS (communication/graphical user-interface). It allows the �non-expert� user to 
(visually) evaluate decisions. Possible representations are text-based or graphical. Examples for the 
latter are tables, diagrams, maps, and 3D-scenes in a static or dynamic manner. Visualisation is 
important, because it is the translation of the technical data resulting from model calculations into the 
easy-to-understand and intuitive language of graphics and pictures. 

Table 10 Item descriptions for criterion �Visualisation�. 

Item Name Static visualisation Dynamic visualisation 
Data level Nominal nominal 
Examples tables t, diagrams d, maps m, 3D-scenes s diagrams d, maps m, 3D-scenes s 

 
3.2.10 Criterion �Software architecture� 
The DSS software architecture (see Table 11) is of special importance in terms of the future 
development of the system and including existing modules. A key characteristic is whether the system 
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is based on a modular architecture or built like a block. The linkages and communication between the 
different modules require definition of the interfaces and the standards and formats used (e.g. ODBC, 
ASCII, OpenMI). Additionally, it is necessary to describe the use and coupling of external models, e.g. 
the system�s use of data provided by external models and the modi of data exchange (hard/soft 
coupling). Further important aspects are the use of a development environment (such as 
GEONAMICA) and the accessibility of source codes and the underlying programming language. 

Table 11 Item description for criterion �Software architecture�. 

Item 
Name 

Modular 
archi-
tecture 

Interfaces Model 
coupling 

Development 
environment 

Code 
accessible 

Programming 
language 

Data level boolean nominal nominal nominal boolean nominal 
Examples y/n XML, 

ASCII, 
ODBC 

model 
name: hard 
h, soft s 

GEONAMICA, 
ArcView 

y/n Avenue, 
Python 

 
3.2.11 Criterion �Input data� 
This group of criteria deals with a crucial determinant and a fundamental element of a DSS: data. The 
type and quality of the data required by the DSS and its sub-modules and internal or external models 
should be evaluated. A key component is whether the data are regularly available (e.g. by water 
management authorities, land surveying offices) or if it needs to be collected for every new site/case. 
This refers to the transferability and applicability of the system to other areas/locations. As detailed 
descriptions of each parameter are not practical, it is necessary to determine integrating respectively. 
summarising criteria concerning amount and spatial/temporal resolution of the data, e.g. data 
intensive/extensive (see Table 12). 

Table 12 Item description for criterion �Input data�. 

Item name General input data Specific input data Comments 
Data level Nominal nominal Nominal 
Examples DEM, daily 

precipitation 
daily sediment load specific data is only in a 

few cases available 
For some DSSs an evaluation of the detailed input data has been carried out, using the items given in 
Table 13. The tables containing the results can be found in the Annex. 

Table 13 Item description for detailed evaluation within criterion �Input data�. 

Item 
Name 

Dataset Source Temporal 
resolution 

Spatial 
resolution 

Availability Sensitivity 

Data level nominal nominal metric metric ordinal ordinal 
Examples DTM, 

location 
of dikes 

external model 
HEC-RAS, land
survey 

hours, years 50 m 1, 2, 3 high / low 
influence 

 
3.2.12 Criterion �Support� 
The criterion �Support� focuses on software support and future development and maintenance. 
Systems developed by scientific project groups are in many cases handed out to the users at the end of 
the project. After completing the project, it is very difficult for the users to find somebody who takes 
ongoing ownership and responsibility of the system and hence answers questions. It is therefore 
important whether there is a future support and maintenance for the system and the design of this (e.g. 
by a regularly updated web-site with upgrades and bug-fixes, a static FAQ-list, a telephone-hotline 
etc.). 
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Table 14 Item description for criterion �Support�. 

Item Name Support Kind of support 
Data level boolean nominal 
Examples y/n responsible person, web-site, newsletter 

 
3.2.13 Criterion �Application and strengths and weaknesses� 
The criterion �Application� deals with the acceptance of a system and its real application in practice, 
looking at the real user�s and the system�s degree of use. Attention should be given to the user�s 
experiences with the DSS. As this aspect is closely related to the users opinions on the system, these 
are described in detail under the criterion �Application and strengths and weaknesses�. 
 
The strengths and weaknesses as stated by the users (see Table 15) are difficult to derive (if no 
publications on user surveys are available). They nevertheless play a key role in the future 
implementation of a flood risk management DSS. It should be borne in mind that the best designed 
system is worthless if it is not applied or accepted by the intended users. Thus, an important distinction 
is whether the system was really in use by the target group or an individual. If the case is true i.e. it is 
in use, their experiences and opinions have to be documented. If the case is false i.e. it is not in use, 
the reasons for their refusal need to be understood. 

Table 15 Item description for criterion �Application and strengths and weaknesses�. 

Item Name Use Positive Experience Negative Experience 
Data level boolean nominal nominal 
Examples y/n description of experiences description of experiences 

 
 

3.3 Results of the review 
3.3.1 Criterion �Flood risk system� 
The representation of the flood risk system (FRS) within the analysed DSS depends on the application 
case. If flood generation can be influenced through measures in the catchment (e.g. local retention, 
stormwater management, enhancement of infiltration capacity through land management) a source 
module is integrated, otherwise the focus is set on the parts of the flood risk system which can be 
managed. An example for the latter are the DSS developed in The Netherlands, where there is no 
chance of influencing the origin of flood waves, hence only the pathway is considered (see Table 16).  

Table 16 Review against criterion �Flood risk system�. 

DSS S P R C 
Planning Kit  X   
DSS Large Rivers  X   
IVB-DOS  X   
STORM Rhine  X   
MDSF X X X X 
EUROTAS X X X  
Flood Ranger X X X X 
DESIMA X X X X 
NaFRA X X X X 
PAMS X X X X 
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HzG  X X  
DSS-Havel X X X  
WRBM-DSS X X X  
Elbe-DSS X X X X 
INFORM 2.0/.DSS  X X X 
RISK/RISC X X X X 
FLIWAS  X X  
FLUMAGIS X X X  
Abbrev: S: sources, P: pathways, R: 
receptors, C: consequences 
 
The source is introduced in the DSS by specifying design discharges resp. water levels by the user. All 
systems using rainfall-runoff-models automatically include the source term, as it is the case with the 
DSS from the field of the river basin management dealing with whole catchments. People and property 
as receptors are considered in all systems from the UK and consequences are mainly expressed in 
monetary values, e.g. expected annual damage in terms of money. The Elbe-DSS and the 
INFORM.DSS also account for effects on ecosystems as receptors and use several indices to express 
potential consequences. 
 
3.3.2 Criterion �Measures and instruments� 
Measures and instruments are the tools to alter the flood risk system either on the hazard or on the 
vulnerability side, constituting as a whole the �Toolbox� a decision maker can choose options from. 
Most DSS account for technical measures like dike relocation, removal of hydraulic obstacles, raising 
of crest levels or the relocation of receptors out of the floodplain or changes of the receptor properties, 
i.e. vulnerability (see Table 17). Depending on the spatial scale the system acts on, measures differ in 
the level of detail. Given the example of the Planning Kit, about 700 pre-defined measures are 
described in detail, including design sketches, aerial photos and costs or building efforts including 
approximately 100 different pre-calculated effects (costs, ecological impacts etc.).  The NaFRA DSS 
allows for the consideration of measures through free, i.e. not pre-defined, changes to the input data 
(changing floodplain land-use, position and protection standards of defences). Thereafter the flood 
extents under these changed conditions are calculated with a simple embedded hydraulic model, 
evaluating the effects through important indicators of change. 
 
In general, DSS tools from The Netherlands focus on technical measures because they are assumed as 
the most effective way to deal with flooding, as is the case in Germany. A further rationale for 
excluding instruments is the difficulty in assessing and measuring the effects, as they often influence 
the flood risk system indirectly, e.g. by long-term changes in human behaviour (raised awareness, 
taking flood risk into account when making spatially effective decisions). Despite this, instruments are 
important tools for sustainable long-term FRM and procedures for implementing and assessing 
physical measures. 
 
As the systems from the field of the EU-WFD only consider the amount of water as part of the river 
quality and questions of flood protection do not play an important role, no direct measures for flood 
risk management are included. Nevertheless, it is possible to use measures aiming to control the 
amount of water for flood risk management purposes, e.g. tillage practices, changing soil physical 
properties like compaction, influencing infiltration capacity, depression storage etc. Through dealing 
with whole catchments such systems can provide examples on how to use and evaluate local measures 
(changes in land-use and agricultural practice) under competing goals (costs vs. river quality). 
 
FLIWAS and HzG are aiming at operational FRM, hence they predominantly include temporal 
measures for flood defence (road blockings, evacuation routes depending on flood levels, securing of 
buildings), but the produce long-term effects by building awareness through disaster exercises and 
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information dissemination during periods of no flooding. Accordingly they can be seen as 
communication instruments. 

Table 17 Review against criterion �Measures and instruments�. 

DSS p t r f c s r Comments 
Planning Kit X     X  the whole system is based on combining pre-

defined measures 
DSS Large Rivers X        
IVB-DOS X        
STORM Rhine X        
MDSF X  X   X  detailed guidance through accompanying 

management planning guidance on how to 
implement different measures and 
instruments within the DSS 

EUROTAS X     X  combinations of measures termed �river 
engineering scenarios� 

Flood Ranger X        
DESIMA        case dependent, defined by the user 
NaFRA X       user is assisted in changing input data-sets to 

implement measures 
PAMS X  X X    not specified how 
HzG   X      provides only information of what to do/no 

simulation of effects 
DSS-Havel        no direct flood risk measures 
WRBM-DSS        no direct flood risk measures 
Elbe-DSS X       free chooseable as well as pre-defined 

variants 
INFORM 2.0/.DSS X        
RISK/RISC X        
FLIWAS  X      only information/no simulation of measures 
FLUMAGIS        no direct flood risk measures 
Abbrev: p: permanent physical measures, t: temporal physical measures, r: regulatory instruments, f: 
financial instruments, c: communication instruments, s: strategic alternatives (combinations), r: 
potential for recombination of measures and instruments 

 
3.3.3 Criterion �Scenarios of external change� 
Most DSSs dealing with climate change (see Table 18) do it in the way that they alter the source term, 
e.g. by simply modifying discharge or water levels or more comprehensive by changing precipitation 
characteristics and temperature. Than they run the rainfall-runoff models with these new parameters 
(e.g. EUROTAS). For example, the Planning Kit assumes an increased design discharge entering The 
Netherlands from upstream for the near future of 16 000 m³/s and of 18 000 m³/s in 2100 due to 
climate changes. 

Table 18 Review against criterion �Scenarios of external change�. 

DSS c d l Comments 
Planning Kit X   two given discharges 
DSS Large Rivers     
IVB-DOS X    



FLOODsite Project Report  
Contract No:GOCE-CT-2004-505420 

T18_06_01_DSS_Review_D18_1_V2_2_P01.doc  08 05 2007 
21 

STORM Rhine     
MDSF X X X  
EUROTAS X  X  
Flood Ranger X X X  
DESIMA X   modules for sea level rise and increased storminess 
NaFRA X X X  
PAMS X  X  
HzG      
DSS-Havel X X X focus is on the source 
WRBM-DSS     
Elbe-DSS X X X  
INFORM 2.0/.DSS     
RISK/RISC     
FLIWAS     
FLUMAGIS     
Abbrev: c: climate, d: demography, l: land-use 

 
Such changes of single factors of the flood risk system can be more or less easily ex-ante analysed and 
evaluated. In comparison, anticipation of future risks becomes more challenging if holistic scenarios 
with a high level of complexity are considered. Especially manifold assumptions regarding the natural 
and societal changes are difficult to translate into effective parameterisations. 
 
Many DSS tools allow for the possibility to take account of changes in climate, population or land use, 
but only indirectly by altering several of the input parameters. The new parameter values are generally 
not provided as specific and consistent datasets following a storyline of a particular scenario. Instead, 
they have to be customised by the user or by the developers (e.g. MDSF). 
 
Changes in land use are also taken into consideration from the receptors perspective. Together with the 
population dynamics they modify both the vulnerability and the consequences (e.g. people at risk, loss 
of life, damage to property). 
 
Criterion �Spatial and temporal scales� 
Table 19 gives an overview of the spatial and temporal scales of the DSSs considered, showing the 
models used and the spatial data formats. The planning and scenario time horizons are almost identical 
due to the fact that the evaluation of a certain measure or a combination of measures is carried out 
under conditions of an assumed future state.  
 
Taking the systems explicitly designed for FRM, this kind of assessment does not use continuous 
simulations until the defined point in the future is reached. Instead, synthetic events or predefined 
conditions are run under future conditions getting a snapshot of the system at this point. Hence, the 
combination of assumed conditions which are projected to the future with event-based models always 
results in or consists of a long-term approach. Whereas, for DSS tools originating from the field of 
river basin management, approaches in some cases are slightly different. Here, continuous simulations 
are undertaken through to the given epoch, the time slice of interest for evaluating the implemented 
measures.  These continuous simulations are based on present weather conditions and / or stochastic 
weather generators. 
 
Since continuous simulations are not carried out for FRM, time steps are irrelevant. In contrast, what 
is relevant is the assumed future epochs or time slices for the analysis, which may be prescribed at 
regular intervals. Model time steps influence computation effort and accuracy of the results. As the 
specification of time steps depends on the coupled models and the configurations made by the 
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modellers, little or no information is available for this item. Most of the applied models allow time 
steps ranging from seconds to hours, depending on the problem to be solved and the limitations 
specified by the developers. As this is a fairly technical component which requires understanding of 
the detailed model behaviour (e.g. stability of numerical solutions, influence on accuracy), the end 
user should not be concerned with this. 
 
The spatial data formats, i.e. data types like raster and vector, understood by the different DSS are 
mainly dependent on the GIS software the system is build upon. As eight of the 19 systems are based 
on hybrid ESRI products like Arc/Info, ArcView or ArcGIS both types are possible. Common formats  

Table 19 Review against criterion �Spatial and temporal scales�. 

DSS Planning 
time 
horizon 

Scenario 
time 
horizon 

General 
time 
steps 

Model 
time 
steps 

Spatial scale Spatial 
data 
format 

Planning Kit 100 y 100 y � � Rhine in NL � 
DSS Large 
Rivers 

Any any � � Rhine & Meuse in NL � 

IVB-DOS 50 y 50 y � � lower river sections of 
Rhine & Meuse in NL 

� 

STORM 
Rhine 

� � � � Rhine in FRG/NL � 

MDSF  any any any any r, v 
EUROTAS 10�

100 y 
100 y � � catchment r, v 

Flood 
Ranger 

100 y 100 y 10 y � � r, v 

DESIMA any any � � any r, v 
NaFRA � � � � � � 
PAMS any any � � any r, v 
HzG  � � � � administrative area 

(county) 
r 

DSS-Havel y (2015) y (2015) � � catchment, 30�14 000 km² r, v 
WRBM-
DSS 

y (2015) y (2015) � � catchment r, v 

Elbe-DSS y y var var 10 m�1000 km, 
catchment�river segment 

r, v 

INFORM 
2.0/.DSS 

y y � � river segment, var, 5�50 m r 

RISK/RISC � 50 y � � section of the north sea 
coast in the FRG 

r 

FLIWAS � � � � administrative area r, v 
FLUMAGIS y (2015) y (2015) � var catchment r, v 
Abbrev: y: years, d: days, min: minutes, var: variable, r: raster, v: vector 

 
are those supported by ESRI like GRID, Coverage or Shapefile or other common exchange formats 
which can be imported. Spatial scales under consideration are ranging from scale-independent over 
whole catchments to small river segments of a few kilometres. The systems from the Netherlands are 
tailored to the area they are focusing on, most of the UK systems are scale independent and their 
resolution is only limited by the spatial resolution of the available data. Because river basin 
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management deals with whole catchments, this is the resulting spatial scale for those systems. As for 
different models and problems under consideration different levels of spatial resolution are needed, the 
scales are variable and often exist in parallel. 
 
3.3.4 Criterion �Results� 
The main results and outputs of the DSS vary widely (see Table 20). Most of the tools provide their 
outcomes as digital maps.  

Table 20 Review against criterion �Results�. 

DSS Hazard: 
water le-
vel (pro-
bability)  

Other 
attributes 
(e.g. water 
quality) 

Vulnerability: 
economic, 
social, 
ecological 

Flood risk: 
Probability 
of damages 

Measures 
& 
instruments 

Dynamic 
(long-
term) 

Planning Kit graph 
with wa-
ter levels 
along the 
river 

side-effects 
of the 
measures 
(costs, 
ecology) 

� � Comprehen-
sive data-
sheets for all 
measures 

pre-cal-
culated, 
assumed 
future 
condition

DSS Large 
Rivers 

graph 
with wa-
ter levels 
along the 
river 

side-effects 
of the 
measures 
(costs, 
ecology) 

� � maps with 
tools to 
define 
measures 
(e.g. dikes) 

� 

IVB-DOS � side-effects 
of measures 
(costs, 
ecology) 

� � � � 

STORM 
Rhine 

hidden graph with 
effects on 
flood risk, 
navigation,  
etc. 

? ? chooseable 
on a map 
(e.g. river 
engineering, 
measures) 

� 

MDSF maps with 
externally 
calcula-
ted water 
levels/flo
od extents 

� maps of 
property, 
social 
vulnerability, 
agricultural 
land use 

map of 
expected 
annual 
damage 

� � 

EUROTAS coupled 
hydraulic 
model, 
inunda-
tion by 
GIS 

� map with 
potential 
damage 

� maps with 
tools to 
define 
measures 
(e.g. reten-
tion areas) 

� 

Flood Ranger � � floodplain 
land use 

indicators: % 
areas at risk, 
map 

sea and 
river 
defences 

Time-
steps of 
10 y 

DESIMA � � � � � � 
NaFRA external 

calcula-
tion of 

� maps of 
property, 
social 

depth-
damage 
functions and 

altering 
input data 
(pathways, 

� 
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discharge
and inun-
dation 

vulnerability, 
agricultural 
land use 

probabilities 
of defence 
failures 

receptors) 
within tools 
in the GIS 

PAMS external 
models 

� property 
locations, 
depth-
damage-
functions 

expected 
annual 
damage 

� � 

HzG  Operatio-
nal: only 
current 
water 
levels 

� � � operational 
flood 
defence 
measures: 
diagrams 
and maps 

� 

DSS-Havel � water quality � � � � 
WRBM-DSS � water quality � � �  

 
Elbe-DSS return 

period 
based on 
discharge 
statistics 

water 
quality, 
navigation 

land-use 
units with 
assigned 
monetary 
values, 
habitats 

return period 
of 
overtopping 

maps with 
retention 
areas to 
choose, 
change of 
land use 

� 

INFORM 
2.0/.DSS 

external 
calcula-
tion 

� habitat 
suitability in 
maps 

� river 
engineering 

� 

RISK/RISC maps with 
externally 
calcula-
ted water 
levels (in 
timesteps) 

� maps with land
use and 
monetary 
values, depth-
damage-
functions 

� � maps of 
flood 
propaga-
tion 

FLIWAS Operatio-
nal: only 
current 
water 
levels 

� � � operational 
flood 
defence 
measures: 
diagrams 
and maps 

flood 
propaga-
tion of 
scena-
rios as 
movie 

FLUMAGIS � water quality,
landscape 

� � � � 

 
3.3.5 Criterion �Methods� 
Water levels are a crucial factor in the analysis of flood risk in all DSSs (Table 21). In many cases, this 
information is incorporated through the use of external hydraulic models. Even for the case of model 
independent DSSs, the data have to be provided by some means. This typically implies that the data 
need to be pre-calculated by external models (enabling the user to choose the appropriate model).  
Running external models generally requires expert knowledge, and to this end, it is worth noting 
upfront the number of scenarios and/or strategic alternatives and hence runs which will be required.   
 
The hydraulic models are used for calculating water levels, flood durations and velocities. The 
velocity terms play a major role e.g. for flash floods. Different choices exist for incorporating these 
models, e.g.:  
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• only loading the results and doing all calculations and model schematisations outside the DSS; 
• preparing the parameterisation within the DSS and then running the model outside; 

Table 21 Review against criterion �Methods�. 

DSS Hydromet modelling Damage modelling, Risk 
assessment 

Assessment 
methods 

Planning Kit Hyd, ext � mono-criteria 
DSS Large Rivers Hyd � mono-criteria 
IVB-DOS Hyd � mono-criteria 
STORM Rhine Hyd � mono-criteria 
MDSF hyd, ext population at risk, property 

and agriculture damages 
mono-criteria 

EUROTAS rr, hyd vulnerability dependent on 
land-use 

case-based 
reasoning 

Flood Ranger hyd insurance premiums, portion 
of areas at risk 

mono-criteria 

DESIMA hyd, ext � mono-criteria 
NaFRA hyd, ext people at risk, expected 

annual damage (property, 
agricultural production) 

mono-criteria 

PAMS hyd, ext depth-damage functions, 
exposure and vulnerability 

multi-criteria 

HzG  hyd, ext flood risk/hazard maps 
(metrics not known) 

� 

DSS-Havel rr, hyd, wq, icm � multi-criteria 
WRBM-DSS wq, icm � multi-criteria 
Elbe-DSS rr, hyd, wq, sed, icm, eco depth-damage functions, 

changes in habitat area 
mono-criteria 

INFORM 2.0/.DSS hyd, eco changes in habitat area mono-criteria 
RISK/RISC hyd, ext depth-damage functions mono-criteria 
FLIWAS hyd, ext flood risk/hazard maps 

(metrics not known) 
� 

FLUMAGIS rr, icm, ext � � 
Abbrev: rr: rainfall-runoff, hyd: hydraulics, wq: water quality, sed: sediment transport, icm: 
integrated catchment model (hydrology & water quality), eco: ecology, ext: external 
models/calculations 

 
• doing everything within the DSS using an integrated model; and  
• choosing between pre-defined and pre-calculated scenarios combining measures and instruments 

with future conditions and analysing the results. 
 
As none of the systems from The Netherlands accounts for receptors or consequences, no damage 
models and risk assessment methodologies are included. The UK systems and those from Germany 
include receptor and consequence modules. They integrate risk and damage assessment methods with 
different levels of detail. Approaches range from relatively simple vulnerability considerations based 
on land-use types to which certain monetary values are assigned to more detailed procedures using 
depth-damage functions with a high spatial resolution (e.g. RISK). An example of a system focussing 
on ecological effects of measures is the INFORM. It shows the consequences of a measure as 
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increased or decreased floodplain habitat areas. Modules of the INFORM package are also included in 
the Elbe DSS. 
 
Assessment methods aim at rating and comparing the effects of alternative measures and/or 
instruments and their combinations with competing goals (e.g. flood protection vs. habitat protection 
or financial constraints) to find an optimal solution. Most DSSs provide a group of different single 
criteria or accumulated indicators (e.g. risk in monetary terms: expected annual damage) to evaluate 
performance and effects of measures. Only one system from the field of FRM (PAMS) will include 
multi-criteria techniques. It is worth mentioning here that the WRBM-DSS, which applies an 
innovative multi-criteria technique, allows the user to visually evaluate the decision space and find 
nearly optimal combinations of measures considering their manifold effects. 
 
3.3.6 Criterion �Uncertainty� 
As Table 22 shows, only four of the systems dealing directly with FRM take uncertainty into account. 
They range from considering upper and lower cases, as in the NaFRA and the MDSF, to specific 
mature statistical methods, like the General Likelihood Uncertainty Estimate (GLUE) as applied in the 
EUROTAS. 
 
3.3.7 Criterion �Target end-users� 
The target end-users, as listed for each DSS in Table 23, are those individual or groups that the 
systems are addressing. One can call them the �customers�, whose needs have to be met, as these are 
the people who will make use of the results of the DSS calculations and visualisations. Since some 
tools cover a knowledge level from basic to expert knowledge, the question arises, how can the 
distinctive needs of these heterogeneous users be differentiated? Problems resulting from too simple 
approaches for one group to too complicated approaches for the other have been recognised, for 
example, through use of the IVB-DOS. 

Table 22 Review against criterion �Uncertainty�. 

DSS Uncertainty representation 
Planning Kit � 
DSS Large Rivers � 
IVB-DOS � 
STORM Rhine � 
MDSF expert judgement and weighting 
EUROTAS General Likelihood Uncertainty Estimate methodology (GLUE) 
Flood Ranger � 
DESIMA � 
NaFRA Interval probability propagation 
PAMS yes, but not specified at the moment 
HzG  � 
DSS-Havel � 
WRBM-DSS sensitivity analysis in coupled models 
Elbe-DSS � 
INFORM 2.0/.DSS visual check with current state 
RISK/RISC � 
FLIWAS � 
FLUMAGIS � 

Table 23 Review against criterion �Target end-users�. 



FLOODsite Project Report  
Contract No:GOCE-CT-2004-505420 

T18_06_01_DSS_Review_D18_1_V2_2_P01.doc  08 05 2007 
27 

DSS End-user Knowledge level 
Planning Kit policy makers, river managers, technical 

engineers, inhabitants, local authorities 
no 

DSS Large Rivers water managers, spatial planners basic, expert 
IVB-DOS expert groups and committees in the IVB 

project 
intermediate, expert 

STORM Rhine government, water board, actors in water 
management 

basic 

MDSF EA, EA consultants, local authorities basic, intermediate, expert,  
EUROTAS planners, decision makers, public authorities, 

EA, educational institutes, academic 
researchers 

basic, intermediate, expert 

Flood Ranger flood defence practioners, local authorities, 
insurers, universities & schools 

basic 

DESIMA authorities and consultants in integrated 
coastal zone management 

intermediate, basic 

NaFRA EA�s strategic planners, EA�s regional and 
area flood risk management teams, local 
authorities, EA�s flood warning teams 

basic, intermediate 

PAMS EA�s regional and area flood risk 
management teams, EA�s area operations 
delivery, EA�s corporate & planning, 
internal drainage board, local authorities, 
indirect users (e.g. water companies, 
network rail, energy networks association, 
policy makers, process makers) 

basic 

HzG  water managers, public administration, civil 
protection units, general public 

no, basic 

DSS-Havel planners and decision makers in RBM, 
general public 

no, basic, expert 

WRBM-DSS planners and decision makers in RBM basic, expert 
Elbe-DSS decision makers in counties, federal state 

authorities, federal authorities 
basic 

INFORM 2.0/.DSS hydraulic engineers in the German Federal 
Water and Navigation Administration 

basic, expert 

RISK/RISC decision makers in coastal defence planning basic, expert 
FLIWAS water managers, public administration, civil 

protection units, general public 
no, basic 

FLUMAGIS planners, decision makers, stakeholders no, basic 
 
3.3.8 Criterion �Visualisation� 
As Table 24 shows, nearly all systems use tables, diagrams and maps to visualise the outputs. Tables 
are usually used to compare and rank the effects (costs, benefits) of measures and instruments. 
Diagrams and graphs show temporal developments or spatial profiles, and maps for all data with a 
spatial reference. No statements can be made about the quality of these graphical representations. The 
review does not provide the means to differentiate between the qualities of the visualisation techniques 
for the systems reviewed � other than noting which of the three static types are available. As 
visualisation primarily aims at user-friendliness, all of the reviewed systems are deemed user-friendly. 
 
Dynamic visualisations are less common. No conclusions can be drawn from this as the extent to 
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which they benefit DSSs for long-term FRM is questionable. Applications which could potentially add 
value include, for example, the use of animated graphics for showing temporal changes in space, such 
as land use changes due to the effects of instruments or the different phases of a rising water level. 

Table 24 Review against criterion �Visualisation�. 

DSS Static visualisation Dynamic visualisation 
Planning Kit t, d, m � 
DSS Large Rivers t, d, m � 
IVB-DOS t, d, m � 
STORM Rhine t, d, m � 
MDSF t, d, m � 
EUROTAS t, d, m � 
Flood Ranger t, d, 3D-VR 3D-VR 
DESIMA t, d, m � 
NaFRA t, d, m � 
PAMS t, d, m  
HzG  t, d, m � 
DSS-Havel t, d, m m 
WRBM-DSS t, d, m m 
Elbe-DSS t, d, m � 
INFORM 2.0/.DSS t, d, m � 
RISK/RISC t, d, m m 
FLIWAS t, m, d m 
FLUMAGIS m m, 3D-VR 
Abbrev: t: tables, d: diagrams/graphs, m: maps, 3D-VR: 3D-virtual realities 

 
3.3.9 Criterion �Software architecture� 
Software architecture as used here may be interpreted as all technical details about the development of 
a DSS.  These include modularity, interfaces to external data and software, the methods employed for 
model coupling, the development environment, code accessibility and the programming language (see 
Table 25). 
 
A modular architecture influences maintainability, replaceability, changeability as well as extensibility 
and reusability. The integration of further developed or additional methods to change or replace the 
existing ones is enabled by discrete modules as well as the extension of the systems.  
 
As the item �Modular architecture� only states that a somewhat modular engineering principle is used, 
no details are available for an comparison of the degree of modularity throughout all systems, i.e. to 
which extent components are segmented into smaller pieces or how heterogeneous this building blocks 
are (e.g. code snippets in different languages, whole models etc.). Examples for certain types of 
modular architectures are web-based client-server-systems and distributed systems. An advantage of 
the first is easy and fast maintenance, as in most cases only the data and software on the server are 
relevant and these are independent of the users� hardware. For example, calculations which require 
intensive computational expenditure can be carried out on high-performance computers. 
 
Here, interfaces may be interpreted as the communication channels between the system and the 
external software and data e.g. interfaces like ODBC or standardised exchange formats such as XML, 
ASCII Grid or .E00. Data exchange is closely connected to model coupling, especially if soft coupling 
with manual data exchange is considered. Table 25 illustrates that in most cases the development 
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environment or application framework e.g. ArcView or other commercial software e.g. GIS/MapInfo 
determines the supported formats. Some systems like the Elbe-DSS and FLIWAS use standards based 
on XML for external as well as internal (inter-module) data exchange. 
 
The dependency of DSSs with respect to models has already been addressed under criterion 
�Methods�. Here, the focus lies on the �how�, i.e. how are the models coupled with the DSS? Based 
on evaluations, two procedures can be specified:  
 
1. the coding of models within the system or their close integration as building blocks (hard/tight 

coupling) and  
2. the manual exchange of results between the models and the DSS.  
 
Examples of the coding of models include the three systems from The Netherlands, where 
parameterisation, models runs and the presentation of the results is tightly integrated into the DSS. 
Another example is the Elbe-DSS from Germany, where multiple models are integrated by wrapper 
techniques, leaving the original code untouched. Most systems from the UK do not integrate models 
directly; rather they use pre-processed data from external models. These models have to be 
parameterised, run and, due to the high level of knowledge required, the model runs are carried out by 
experts. 

Table 25 Review against criterion �Software architecture�. 

DSS Modular 
archi-
tecture 

Interfaces Model 
coupling 

Development 
environment 

Code 
accessible 

Programming 
language 

Planning Kit � � SOBEK: s � � � 
DSS Large 
Rivers 

� � 1D/2D: h ArcView � � 

IVB-DOS y � SOBEK: h � � � 
STORM 
Rhine 

� � hydraulics: h � � � 

MDSF y ArcView N ArcView 
3.2a 

y Visual Basic, 
Avenue 

EUROTAS � ArcView Y ArcView � Avenue, 
Visual Basic, 
C++, Fortran 

Flood 
Ranger 

n n N � n � 

DESIMA y to exter-
nal data 
sources 

N � y JavaScript 

NaFRA y SQL N ArcGIS y Visual Basic, 
C# 

PAMS y � N ArcGIS y Visual Basic 
HzG y � N � � � 
DSS-Havel y � SWIM, 

ArcEGMO 
(-URBAN), 
HEC-RAS, 
IWAN, 
TRAM: all s 

� � Java 
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WRBM-DSS  ArcSDE, 
DBMS 

SWAT, ATV 
water quality 
model, 
RWQM1, 
AQUASIM: 
all s 

� � Java 

Elbe-DSS y XML, 
dBASE 

HBV-D, 
GREAT-ER, 
MONERIS, 
ELBA, HEC-
6, MOVER 
2.1, SOBEK 
1D2D, CA-
NO-DAT: h 

GEO-
NAMICA 

� � 

INFORM 
2.0/.DSS 

y Arc/ 
Info 

H � � C++, Visual 
Basic, AML 

RISK/RISC y � MIKE 21 HD: 
s, SWAN: s 

ArcView 3.1 y Avenue 

FLIWAS y SQL, 
XML 

n ZOPE � Python 

FLUMAGIS y ArcSDE, 
XML, 
dBASE, 
ASCII, 
WMS, 
WFS, 
W3DS 

NASIM, 
SWAT, 
ArcEGMO, 
ABIMO: all 
s 

� � MapObjects 
for Java2.0 

Abbrev: y: yes, n: no, h: hard, s: soft 
 
Development environments are twofold: (i) software systems specially designed for building DSS 
tools and enacting a certain architecture (e.g. GEONAMICA with component based development) and 
(ii) existing software packages with basic functionalities which are extended in using internal tools to 
fulfil new tasks (e.g. GIS-based DSS which use the internal macro or scripting languages). Table 25 
includes several systems which build upon ESRI GIS software (Arc/Info, ArcView, ArcGIS). Of the 
tools considered, only the Elbe-DSS uses a specially designed development environment as a DSS-
generator. 
 
The accessibility of code is relevant in that it enables developers to gain insight into the methods used 
in existing systems and to potentially reuse code i.e. where open source is provided. This is less 
relevant for the end-users, as in most cases they have no programming experience and do not apply 
changes to the software. 
 
The item �Programming language� is essentially descriptive: Systems based on commercial GIS use 
the script or macro languages which are �on board� (VBA, AML, Avenue). Higher programming 
languages are mostly used for model coding or modules which go beyond the functionalities provided 
by the scripting languages. 
 
3.3.10 Criterion �Input data� 
One of the core elements of criterion �input data� is a DSS� transferability to other areas, bearing in 
mind that other sites with specific conditions may need special and newly developed systems tailored 
to their needs. In particular, where specific data is required, the problem of transferability is of 
importance, as the data may need field surveying which is not readily available. Taking general data 
like demography into account, the input data are similar, but there are some national differences which 



FLOODsite Project Report  
Contract No:GOCE-CT-2004-505420 

T18_06_01_DSS_Review_D18_1_V2_2_P01.doc  08 05 2007 
31 

hinder the transferability (e.g. data not available in this form or only aggregated on higher 
administrative areas). 
 
For the whole flood risk system, data can be assigned to the constituting SPRC elements. The source 
element is represented through spatial data of water levels or time series of precipitation, discharge or 
water levels. Pathway data are river networks, elevations (DEM/DTM) and spatial as well as site-
oriented information about defences. The receptor term is covered by land-use, socio-economic and 
ecological data. The application of the flood risk system within the different systems determines to a 
great extent the data needed. Table 26 gives an overview of input-data groups for the different DSS 
reviewed. Systems with a comprehensive scope, especially those developed in the field of the EU-
WFD, have intensive data needs. If ecological or water-quality models are applied, a broad range of 
parameters with often high spatial and temporal resolution have to be provided, hindering the transfer 
to other study areas. Data which are required by all systems are explicitly designed for flood risk 
management include elevation data (DEM) and loadings (water levels, discharges, flow velocities, 
storminess). 
 
Uncertainty analysis and representation is inexorably linked with the quality of the data and the 
resulting effects on the outputs (sensitivity). At present, little or no information is available on which 
data are most sensitive and hence high quality inputs are required.  Sensitivity in most cases depends 
on the integrated models and should be stated separately for each model and dataset. 

Table 26 Review against criterion �Input data�. 

DSS General input data Specific input data Comments 
Planning Kit    
DSS Large Rivers    
IVB-DOS    
STORM Rhine    
MDSF DEM, RN, SE, LU, 

AB, LO, DEF 
  

EUROTAS DEM, LO, LU cross-sections, 
hydraulic structures 

 

Flood Ranger   data embedded 
DESIMA CL, LO, DEF, SE  access to distributed data 
NaFRA DEM, DEF, SE, LU, 

RN 
  

PAMS DEM, DEF, SE, LO   
HzG  LO, FR, EM   
DSS-Havel DEM, SE, LU, EC, CL  intensive needs for 

specific parameters 
WRBM-DSS DEM, SE, LU, EC   
Elbe-DSS DEM, SE, LO, LU, 

DEF, CL 
cross-sections, 
hydraulic roughness 

 

INFORM 
2.0/.DSS 

DEM, LU, LO, ECO, 
DEF 

  

RISK/RISC DEM, SE, LO, DEF, 
CL 

  

FLIWAS LO, FR, EM   
FLUMAGIS DEM, LU, ECO, CL, 

SE 
  



FLOODsite Project Report  
Contract No:GOCE-CT-2004-505420 

T18_06_01_DSS_Review_D18_1_V2_2_P01.doc  08 05 2007 
32 

Abbrev: DEM: digital elevation model, SE: socio-economic data, LU: land-use data, LO: loading, 
DEF: defences, EC: ecology, EM: emergency data, RN: river network, AB: administrative 
boundaries, CL: climate data, FR: flood risk data 

 
3.3.11 Criterion �Support� 
Only one DSS, the MDSF, has comprehensive support consisting of a written user guide, organised 
trainings led by developers and sophisticated users, user groups for user-to-user discussions and 
communication, a regularly updated website and ongoing software maintenance. Provision of support 
for FloodRanger, which is a commercial product, is led by the developer. For the Elbe-DSS and the 
INFORM support is provided through responsible persons in the leading organisation (BfG). Details 
about the scope of the support are not available. 

Table 27 Review against criterion �Support�. 

DSS Support 
Planning Kit � 
DSS Large Rivers � 
IVB-DOS � 
STORM Rhine � 
MDSF User guide, hotline, training, user groups, website, software maintenance 
EUROTAS � 
Flood Ranger by software company? 
DESIMA � 
NaFRA � 
PAMS � 
HzG  � 
DSS-Havel � 
WRBM-DSS � 
Elbe-DSS responsibilities in the developing organisation (BfG) 
INFORM 2.0/.DSS responsibilities in the developing organisation (BfG) 
RISK/RISC � 
FLIWAS � 
FLUMAGIS � 

 
3.3.12 Criterion �Application and strengths and weaknesses� 
Only a few of the reviewed systems (Table 28)  are in use as most tools (1) are just under development 
or in the pilot phase, (2) were only in use for a short time period or (3) were never delivered to a 
broader public. Statements from a user�s point of view which explain why certain systems did not 
reach the objective to be used in practice are sparse. For the systems from The Netherlands some 
positive and negative experiences of the users are summarised by the developers. Two main findings 
are that systems aiming at different groups can fulfil the needs of each group only to a marginal 
degree, often leading to refusal from both groups. A second finding is that simple tools which require 
only basic knowledge and are hence accessible by a broader public perform better, as the only system 
in use demonstrates. The results of this study show, independent research (not carried out by the 
developers) about the use of DSS in practice is very rare. 
 
Future work should focus on the users and their experiences e.g. through interviews and 
questionnaires. This is closely allied with the earlier finding (Section 2.2) that the users should always 
be at the forefront of the DSS development and application. Hence, the user does not need to adapt to 
the system, rather, the system has to be adapted to the needs of the user. 



FLOODsite Project Report  
Contract No:GOCE-CT-2004-505420 

T18_06_01_DSS_Review_D18_1_V2_2_P01.doc  08 05 2007 
33 

Table 28 Review against criterion �Application and strengths and weaknesses�. 

DSS Use Positive Experience Negative Experience 
Planning Kit All participants in the �Room 

for the Rhine branches� 
project 

simple, usable by 
everybody without 
detailed knowledge 

 

DSS Large Rivers Short-time use by the 
commissioner during and 
after development 

forces communi-
cation between 
planners and 
engineers/modellers 

too simple for 
engineers, not flexible 
enough for planners 

IVB-DOS not as intended due to strict 
definition of 
measures results are 
well documented, 
transparent and 
reproducible 

results of the included 
models unreliable, 
definition of measures 
to strict/not flexible 
enough, experts opinion 
is still needed 

STORM Rhine no records about application � � 
MDSF widely used in the UK, 

Mekong 
� � 

EUROTAS five case studies to show 
methodology, no longer in 
use 

� � 

Flood Ranger � � � 
DESIMA only by research 

organisations (HR 
Wallingford, ACRI (France)) 

� � 

NaFRA 2002, 2004, 2005, 2006 
NaFRA, Foresight, input to 
Flood Ranger, Thames 
estuary 2100 

� � 

PAMS under development, complete 
in June 2007 

� � 

HzG  Pilot version; internal 
modules not accessible due 
to secret/not public data, 
public module not finished 

� � 

DSS-Havel Pilot version, not distributed  � � 
WRBM-DSS � � � 
Elbe-DSS Pilot version � � 
INFORM 
2.0/.DSS 

� � � 

RISK/RISC � � � 
FLIWAS under development � � 
FLUMAGIS under development � � 

3.4 Synthesis 
Taking a general view on the reviewed DSS tools, the following functions which support individuals 
and groups in the decision making process can be identified: 
 
• Communication with others based on a common knowledge 
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• Analysis and assessment of the present situation 
• Simulation, comparison and discussion of management options (now and in the future) 
 
A system providing up-to-date information on the present state of flood risk for a given site is the 
starting point of decision support. It provides all actors involved with a common knowledge base. As 
the decision process in the FRM involves several groups as well as individuals with different interests, 
communication and discussion between these stakeholders is a vital part of the whole process. To 
anticipate and discuss the effects of planned measures or to gain insights into what measures are 
adequate, a further step has to be taken. The system should therefore integrate models to calculate the 
effects of alternative developments (=scenarios), consisting of measures and instruments and 
assumptions about the future e.g. trends. Finally, these results should be presented in an 
understandable way to allow for analyses and comparison of different cases. 
 
Based on this scheme and on the results of the review, the typical components of a comprehensive 
computer-based DSS for flood risk management can be derived: 
 
• A graphical user interface to communicate (input/output) 
• A database with all information necessary to explore the present situation and to run models to 

analyse future situations 
• A model-base which contains all models needed to compute the effects of measures and 

instruments on flood risk itself and competing fields, e.g. ecological river quality 
• Tools to interactively compose different cases, i.e. combinations of different measures, 

instruments and assumptions about the future 
• Tools to assess and rank different effects bases on relevant indicators, e.g. multi-criteria analysis  
• Features for static and dynamic 2-dimensional or 3-dimensional display   
 
The nineteen DSSs evaluated in detail plus the five systems reviewed in brief emphasise the above-
mentioned elements, as illustrated earlier in this Chapter. These tools also illustrate a broad range of 
approaches to flood risk management methodologies in general and to long-term planning in 
particular. The degree of covering the flood risk system ranges from considering the pathways only to 
integrating all the elements of the SPRC model. The reason for this is that different flood risk 
management policies, focus on different elements � pre-determined or driven by those which are 
considered manageable. 
 
Systems from the UK use comprehensive approaches and include many elements of the flood risk 
system. Due to the present view of flood risk management in The Netherlands, only the pathways are 
considered. For a thorough view on the flood risk system with the numerous interdependencies 
between its elements, a holistic approach integrating source, pathway and receptor elements is 
necessary. 
 
A final outcome of the decision support approaches in most cases is the impacts of alternative 
measures and instruments. These interventions in the flood risk system are made possible via the 
specific tools available to the decision maker either to alter the hazard (e.g. by protections and 
defences like dikes), or the vulnerability (e.g. by relocating property and inhabitants). In certain 
conditions, the effects are simulated by the use of models. The physical measures are more commonly 
translated into model parameterisations, which form the basis for revised model conditions and hence 
runs (e.g. inserting or raising a dike by adding the according height to a digital elevation model). This 
can take place within the DSS during runtime or in an earlier step of the decision process outside the 
system. In the latter case, the calculations and schematisations are carried out by experts but the 
decision on the measures to be considered is made by the end-user group. 
 
The review has shown that most of the DSS tools focus on technical measures compared to financial 
instruments. As FLOODsite aims at developing sustainable strategies for the long-term, a more 
comprehensive approach is required. To this end, it may need to take account of options which are 
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currently not widely accepted by politicians and stakeholders. 
 
Systems dealing with long-term flood risk management should take account of future natural and 
societal conditions. This is realised through simulating scenarios of external change i.e. changes 
originating from outside the flood risk system and its management. DSS tools deal either with changes 
altering the hazard (climate: precipitation characteristics, temperature, storminess) or those modifying 
the vulnerability (land use, population). As climate change is widely accepted in principle, long-term 
flood risk management should take account of changes in the related parameters such as precipitation 
volume and intensity as well as temperature changes which influence evaporation. The 
implementation of such scenarios widely varies. Some systems need direct input by the user (assuming 
an informed user), others offer few, but consistent and realistic assumptions. 
 
Some form of database is a prerequisite of a DSS, in particular, as both discussions and meaningful 
well-founded decisions are not possible without supporting information and data. The database should 
store all information about the present state of flood risk systems. The input data requirements of a 
specific DSS determines to a great extent the transferability to other locations with different 
conditions. Essential input data required by all systems includes elevation data (DEM) and loading 
(water levels, discharges, flow velocities, storminess) as well as information on defences, land use and 
socio-economic features. With these data constituting the flood hazards and the flood vulnerability, 
flood risks can be determined. 
 
In many cases the database is accompanied by the above-mentioned modelbase. The latter is not a 
vital part of a DSS for FRM, but it is vital for the whole process of decision making. Classical models 
applied in flood risk management DSSs are hydrometeorological models ranging from rainfall-runoff 
models to 1D and 2D hydraulic models. Some DSSs have a database on the operationalisation of 
different measures and instruments �on board�. No completely model independent DSSs exist i.e. all 
DSSs reviewed depend on at least one specific model. 
 
As analyses, discussion and decision-making is carried out by people, DSS elements responsible for 
the communication between computer resp. software and the user are of paramount importance. 
Following on from the list of typical DSS components, these include the graphical user interface as 
well as tools for displaying and visualising the effects of certain measures or future conditions. As 
most systems address a wide range of users with different knowledge and skills, the design of these 
communication elements is a crucial task. It can only be successfully solved through intensive user 
involvement. As a result it can be thought of as one system with an identical model base and database 
but providing several user interfaces tailored to different groups of users. 
 
As most systems reviewed have not been used for a longer period of time, or have even never been 
applied, Task 18 faces a difficult challenge. Only in a few cases from The Netherlands explanations 
for the failure of systems are available. And these point clearly to the applicability for the users. The 
success of a DSS is 100% determined by its users, as is the case with all products. Missing the target 
group implies not only wasting public money but also missing the opportunity of improving flood risk 
management across Europe. 
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4. Conclusions 
Perhaps the most important feature of establishing a useable and useful DSS is to be clear regarding 
the decision it aims to support.   
 
The experiences in The Netherlands and the results from Hahn et al. (2001, 23) provide the following 
key-recommendations for future DSS development: The decision need has to be understood and the 
DSS has to service this need. This will involve close collaboration with users in determining this need 
but will not necessarily be defined by the users. The users skills and expectations determine whether a 
DSS is accepted and used and hence fulfils its general aim in reaching better, more informed 
decisions. Meeting the user�s needs has different aspects, dealing with the problem of flood risk 
management itself as well as all parts concerning the usability of the software.  

 
The future textual framework should incorporate all elements of the flood risk system to make sure 
that it is displayed comprehensively and can be understood as a whole under the site-specific natural 
and societal conditions. The steps taken in dealing with the development of specific DSS applications, 
the most appropriate and manageable parts of the FRS should be emphasised. A generic framework 
should include all measures and instruments known, building a toolbox which than can be adapted to 
the site-specific requirements, effectiveness and sustainability. Existing DSSs allow external changes 
to be taken into account, but do not offer formalised procedures to parameterise them.   Future DSSs 
should, without detailed knowledge, combine different trends into a few predefined and consistent 
scenarios, which can then be chosen by the users and evaluated.  
 
The generic framework for DSS development this should be independent of fixed temporal and spatial 
scales but should be guided by the nature of the decision � it would be inappropriate to establish a 
DSS to operate at a 1s time step for use in long term planning.  
 
For methods used for determining hazards, vulnerability and risks as well as for the multi-criteria 
assessment of current and future risks considering various sustainability indicators - no general 
statements can be made. The calculation of loads by hydraulic modelling techniques can be carried out 
using different approaches. It depends on the case and the site conditions as well as on the experience 
of the developers which approach or model will be used in the DSS or for pre-processing the relevant 
data. The choice of adequate methods for damage evaluation and can be guided by the outcomes of 
FLOODsite, Task 9 (e.g. Report on National Flood Damage Evaluation Methods). 
 
It is an imperative that uncertainty is recognised explicitly (either quantitatively or qualitatively), in all 
decision making processes.  Decision uncertainty can be expressed as the rationale doubt as to want 
choice to make and it is important that all DSSs provide the decision maker with information on 
uncertainty � allowing the user  the choice or either accepting the uncertainty (as the decision they are 
making is robust to that uncertainty) or exploring ways of reducing doubt. 
 
The users are not only the decision-makers in terms of FRM but they reserve the right to select or 
�decide on� a given DSS tool. Hence, the �target end-users� need to be well known and understood, 
including their needs, skills and knowledge base. From the background of the very mixed groups of 
addressees as shown by the existing systems it has to be asked if the DSS are really tailored to the 
users� needs and the tasks they have to fulfil. Should a system be developed which aims at a specific 
group or should it meet the needs of many different users? These questions have to be worked out in a 
very early stage of DSS development. Participation of different users is highly recommended; 
otherwise a strict focus on a certain group of users has to be set. When considering end-users, existing 
users can be used to ascertain / define an instance of the addressed type of end-user. 
 
As graphical representations of the DSS� results are the main channel on which the information is 
delivered to the user, recent findings in visual communications research need to be taken into account. 
Detailed recommendations on specific visualisation techniques cannot be given based on results of the 
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review. Decisions on which methods are most appropriate have to be worked out together with the 
potential users. 
 
The field of software architecture is covered by the aspects modularity, interfaces to external data and 
software, the way of model coupling, the development environment, code accessibility and, last but 
not least, the employed programming languages. As a modular architecture benefits maintainability, 
replaceability, changeability as well as extensibility, and reusability, future systems have to be built 
upon the principles of modularity. Elements can be replaced with little efforts in case of innovation or 
required changes by the users for specific components.  Modifications to the analysis framework are 
more difficult to update in a modular fashion. The choice between modularity and closed model 
frameworks will therefore depend on the trade-off between efficiency and flexibility.  For the latter, in 
relation to a development process like rapid prototyping with intensive user involvement, the case of 
requests for change will frequently occur. Having a software design based on the principles of a 
construction kit makes it relatively easy to implement such changes where the changes relate to 
specific modules. Even the wish of converting a stand-alone-PC based DSS to a web-based application 
can be facilitated when simulation and modelling kernel are strictly separated from the user interface. 
Changeability and extensibility are of great importance if policy decision support systems are 
concerned, because situations, opinions and goals as well as the measures to reach them are most 
likely affected by multiple changes. However, many projects have failed due to an ambition to be fully 
flexible, and a choice is required as to want is best dealt within an DSS specific manner and what can 
be done to promote future adaptability.  
 
Interfaces in the sense of communication channels to external software and data are mainly determined 
by the development environment of the existing systems (e.g. ArcView, ArcGIS). Newly developed 
DSSs need to use open and common standards for on- or offline data exchange. Recent trends show a 
broad use of XML-based data-exchange methods leading to the fact that this will become or even 
already is an industry standard.   
 
For model integration, two ways are common and both have their strengths and weaknesses. Hard 
coupling of models through software integration allows flexible parameterisations e.g. with different 
measures and scenarios. However, it requires knowledge about the underlying processes and the 
models as well. Depending on the modelling approach noteworthy computational resources are needed 
to solve the given cases with acceptable performance. The alternative is to use external models and 
only integrate the results in the DSS. Advantages of this solution are the low computational 
requirements and the following speed of the application as well as the consistency and reliability of 
cases pre-defined by experts. Disadvantages are a lack of flexibility and the high effort needed to 
define and calculate all combinations of measures and external changes. 
 
For development environments or DSS-generators, a few general recommendations are given here. It 
should be noted that DSSs which are based on commercial software (e.g. GIS from ESRI) cause high 
costs for licenses and therefore hinder the use by a broader public. Stand-alone or web-based solutions 
are not at the user�s expenses but may be cost-intensive during the development phase as on-board 
functionality of the commercial systems has to be re-coded or re-developed.  These bespoke systems 
also have to be maintained; which can be both costly - as the bespoked software attempts to keep pace 
with commercial packages - and can expose the decision maker to the single supplier risk. 
 
The input data required by the DSS determines to a great extent its transferability to other locations 
with different conditions. General input data required by all systems include hydrometeorological and 
elevation data (DEM) as well as others such as data about defences, land use and socio-economic 
conditions. Systems which use ecological models are especially dependent on specific data which are 
not only available in a minority of cases. Due to the fact that required and available input-data are to a 
great extent determined by the application case, no general advice can be given. 
 
DSS tools especially developed using a participatory approach need reliable user-support to guarantee 
response to questions and proposals or calls for change. A high level of user-friendliness can be 
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achieved through comprehensive support. In general, substantial support can greatly enhance the life-
time and acceptance of a DSS. 
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Annex 1: Reviewer of and Models within the DSS 

Table 29 Assignment of the DSS to the reviewers. 

Reviewer DSS-Acronym Full Name 
WL 
Delft 

HRW IOER 

Planning Kit  X   
DSS Large Rivers  X   
IVB-DOS Integrale Verkenning Benedenrivieren - 

Discussie Ondersteunend Systeem 
(Integrated Exploration of the Lower 
Rivers - Discussion Supporting System) 

X   

STORM Rhine Simulation Tool for River Management of 
the Rhine 

X   

MDSF Modelling and Decision Support 
Framework 

 X  

EUROTAS European River Flood Occurrence and 
Total Risk Assessment System 

 X  

Flood Ranger   X  
DESIMA Decision Support for Integrated Coastal 

Zone Management 
 X  

NaFRA National-scale Flood Risk Assessment  X  
PAMS Performance-based Asset Management 

System 
 X  

HzG  Hochwasserinformationssystem zur 
Gefahrenabwehr (Flood Information 
System for Hazard Defence) 

  X 

DSS-Havel Decision Support System for the Havel 
river 

  X 

WRBM-DSS Werra River Basin Management DSS   X 
Elbe-DSS Decision Support System for the Elbe 

river 
  X 

INFORM 2.0/.DSS Integrated Floodplain Response Model   X 
RISK Risikoinformationssystem Küste (Risk 

Information System Coast) 
  X 

FLIWAS Flood Information and Warning System   X 
FLUMAGIS Flusseinzugsgebietsmanagement mit GIS 

(GIS-based River Basin Management) 
  X 

RAMFLOOD   X  
ANFAS    X  
MIKE11 DSS   X  
EFAS European Flood Alert System  X  
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Table 30 Overview of models integrated in the reviewed DSS. 

Acronym Full Name Description Type 
SWIM Soil and Water Integrated 

Model 
continuous, spatially differentiated 
catchment model on diurnal basis. 
Integrates hydrology, plant growth, 
erosion, nitrogen and phosphorus 
dynamics 

icm 

ArcEgmo Arc-EinzugsGebietsMOdell 
(Arc-catchment model) 

GIS-based continuous multi-scale 
rainfall-runoff model including 
subsurface flow and groundwater 
flow 

rr 

HEC-RAS Hydrologic Engineering 
Center-River Analysis 
System 

1D hydraulics hyd 

IWAN Integrated Modelling of 
Water Balance and Nutrient 
Dynamics 

coupling of the hydrologic model 
WASIM-ETH with the groundwater 
flow model MODFLOW and the 
matter transport model MT3D for 
modelling catchment water budget 
and nitrogen dynamics 

icm 

TraM Transport Model modelling of phosphorus and 
nitrogen dynamics in lakes and rivers 

wq 

SWAT Soil and Water Assessment 
Tool 

continuous, spatially differentiated 
catchment model for long periods of 
time. Integrates hydrology, plant 
growth, erosion, nitrogen and 
phosphorus dynamics 

icm 

ATV-WQM ATV-Water Quality Model 1D modelling of pollutant dynamics 
(runoff, transport as well as physico- 
and biochemical processes)  

wq 

RWQM1 River Water Quality Model 
No. 1 

compartment-oriented water quality 
modelling framework 

wq 

AQUASIM Computer Program for the 
Identification and 
Simulation of Aquatic 
Systems 

flexible water quality modelling 
environment 

wq 

HBV-D Hydrologiska Byråns 
Vattenbalansavdelning 

conceptual rainfall-runoff model rr 

GREAT-ER Geography-Referenced 
Regional Exposure 
Assessment Tool for 
European Rivers 

environmental risk assessment and 
management of point pollution by 
chemicals in river basins 

wq 

MONERIS MOdelling Nutrient 
Emissions in RIver Systems 

modelling loads by point and non-
point sources of nitrogen and 
phosphorus in catchments 

wq 

ELBA Eine Leicht Bedienbare 
Anwendung für die 
Wasserstandsvorhersage (an 
easy to use application for 
water level prediction) 

translation-diffusion approach for 
runoff-routing/water level prediction 

hyd 
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HEC-6 Hydrologic Engineering 
Center-6 

1D sediment transport sed 

MOVER2.1 Model for VEgetation 
Response 

prediction of spatial distribution of 
floodplain vegetation subject to water 
levels 

eco 

SOBEK1D2D  1D channel flow and 2D overland 
flow 

hyd 

CANODAT  statistical modelling of habitat 
suitability in floodplains 

eco 

MIKE 21 HD MIKE 21 HydroDynamics 2D hydraulic model hyd 
SWAN Simulating WAves 

Nearshore 
nearshore wave modelling hyd 

NASIM Niederschlags-Abfluß-
SIMulation (rainfall-runoff 
simulation) 

rainfall-runoff model rr 

ABIMO AbflußBIldungsModell water budget and runoff model rr 
Abbrev: rr: rainfall-runoff, hyd: hydraulics, wq: water quality, sed: sediment transport, icm: 
integrated catchment model, eco: ecology 
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Annex 2: Detailed review of selected DSS 

1. MDSF 

1.1 Brief description 
The Modelling and Decision Support Framework (MDSF) was developed by HR Wallingford, 
Halcrow, the Centre for Ecology and Hydrology and the Flood Hazard Research Centre.  It was 
created to support the implementation of Catchment Flood Management Plans (CFMPs), a major 
initiative of the Department for Environment, Food and Rural Affairs (Defra), the Welsh Assembly 
Government and the Environment Agency (EA) of England and Wales.  A CFMP is a high-level 
strategic planning tool through which the EA will seek to work with other key decision-makers within 
a river catchment to identify and agree policies for sustainable flood risk management. In practice, the 
MDSF is also suitable for use with Shoreline Management Plans (SMP) which provide a large-scale 
assessment of the risks associated with coastal processes and hence present a long-term policy 
framework to reduce these risks to people and the developed, historic and natural environment in a 
sustainable manner.  Other MDSF applications include strategy studies, pre-feasibility studies and 
other similar appraisals. 

1.2 Contents 
1.2.1 Criterion �Flood risk system� 
MDSF incorporates the SPRC framework through inclusion of source terms and pathway and receptor 
modules as well as management response and decision support modules. For example: 

- The MDSF framework anticipates the use of model results, generated externally and imported 
into MDSF as source terms.  This includes the in-river and coastal water levels and/or the 
flood depths and associated probabilities over the floodplain.   

- The pathways module includes flow across the Digital Terrain Model (DTM) and simple 
representations of the defence information e.g. defended or undefended.  

- The receptor module includes, for example, population, property type, agriculture land-use 
and social vulnerability indices.  

- The management response module enables user intervention to alter the source, pathway and 
receptor terms to best represent the proposed measures or combinations of measures.  These 
edits are typically undertaken in the external hydraulic model or the MDSF ArcGIS 
environment � as appropriate to the measure.  

- The decision support module assists in evaluating multiple cases, aggregating results and 
providing economic metrics and uncertainty information for the various cases.  

 
Note that the MDSF software does not do any modelling nor does it make any decisions. 
 
1.2.2 Criterion �Measures and Instruments� 
The MDSF enables system interventions e.g. physical measures and/or policy instruments through 
editing the various SRPC system components.  For example: 

- changing the source terms through modification to the external hydraulic models e.g. 
increased in-line storage, operation of sluice gates etc.  

- changing the pathway and receptor terms within the ArcGIS environment to reflect 
structural measures e.g. altering the DTM to increase storage or expanding the defended areas 
to reflect raised defences and non-structural measures e.g. changes in public attitudes and 
preparedness can also be represented through changes to the National Social Vulnerability 
base data set.  

 
More than one data set may be changed at any stage, thus allowing for combinations of measures. To 
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assist policy evaluation, MDSF aggregates and compares the calculation results from property 
damages, agriculture damages and population affected by flooding. 
 
1.2.3 Criterion �Scenarios for external change� 
The MDSF enables the user to model scenarios for external change through editing:  

- the source terms in the external models e.g. climate change leading to increased flows; 
- the pathway terms within the MDSF ArcGIS environment e.g. altering the DTM and Crest 

Level data to reflect land subsidence; 
- the receptor terms within the MDSF ArcGIS environment e.g. population density, 

urbanisation etc. 
 
1.2.4 Criterion �Spatial and temporal scales� 
The MDSF is not restricted by spatial or temporal scale.  Spatial applications may include catchment, 
sub-catchment and river reach and it may be used for inland catchments as well as coastal areas. The 
resolution of the results is purely a function of the resolution of the input data, as the mathematical 
formulations are independent of scale. For example, gridded water levels from a model may be 
incorporated on any size grid. 
 
The MDSF provides a �reference� or �present day� case and thereafter, any additional cases which 
include the user defined scenarios for change and/or combinations of measures are termed Case 2, 
Case 3, Case 4 etc. Each case is associated with a moment or �snapshot� in time, and in order to build-
up a dynamic picture, multiple cases can be evaluated over time. In addition, the input water levels are 
associated with discrete single events rather than the time-varying event hydrograph or moving 
towards continuous simulation.  The duration of inundation is not considered.  

Table 31 Review against criterion �Spatial and temporal scales� for MDSF. 

DSS Planning 
time horizon 

Scenario 
time 
horizon 

General 
time steps 

Model 
time steps 

Spatial scale Spatial data format 

MDSF  any any 
(evaluated 
discretely)

any 
(model 
independe
nt) 

any any GIS supported files 
e.g. raster, shape  

 

1.3 Assessment 
 
1.3.1 Criterion �Kind of assessment� 
The MDSF is a tool to assist in providing the information from various independent calculations, for 
example, climate change, land-use scenario, social impacts and flood risk management options, but the 
inter-relations between these individual components are not considered.   The MDSF allows the user 
to assess flood risk in terms of (i) economic damage to property and (ii) people, as it: 
 
• incorporates 50 different water depth versus damage curves for a wide variety of residential and 

commercial properties based on extensive research carried out by the Flood Hazard Research 
Centre, Middlesex University. 

• allows average annual economic damage to be estimated for individual properties and aggregated 
at any scale for which the user wishes to define a polygon.  

• allows flood risk in terms of number of people potentially at risk from flooding to be calculated 
and average annual damage (AAD) to be calculated from an individual property level to a 
catchment level. 

• includes a Social Flood Vulnerability Index based on socio-economic factors such as 
unemployment, overcrowding, the elderly, single parents.  This allows most vulnerable people in 
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the floodplain to be identified.   
• calculates agricultural damage 

1.4 Methodology 
1.4.1 Criterion �Input data� 
For display of the flood risk areas, and subsequent linking of this information to the calculation of 
flood damages and social impacts, the MDSF uses (user input): 
 
• Flood levels, generated externally, and/or 
• Flood depths as a grid, generated externally, and/or 
• Flood extents, generated externally (e.g. as calculated from earlier detailed studies) 
• The delineation of defended areas which is user defined. 
 
And the internal MDSF database includes: 
 
• Background mapping (to aid the screen display) 
• River centre lines 
• National Property Database 
• Social Flood Vulnerability Index 
• Agricultural land-use classification 
• Population data 
• Administrative boundaries 
• Existing flood maps  
• Environmental sites  
 
The MDSF is therefore model independent. 

Table 32 Review against criterion �Input data� for MDSF. 

Dataset Source Temporal 
resolution 

Spatial 
resolution 

Availability Sensitivity 

National DTM Next Map 
Local EA office 

 Not restricted 2  

River centre lines EA 
(within MDSF) 

 Not restricted 1  

National Property 
Database 

Local EA office  Not restricted 2  

Population data EA 
(within MDSF) 

 Not restricted 1  

Social Flood 
Vulnerability Index 

EA 
(within MDSF) 

 Not restricted 1  

Agricultural land-
use classification 

EA 
(within MDSF) 

 Not restricted 1  

Administrative 
boundaries 

EA 
(within MDSF) 

 Not restricted 1  

Erosion contours 
(for SMP) 

EA  Not restricted 2  

Water levels, depth 
grid or flood extent 

External models  Not restricted 2  

 
1.4.2 Criterion �Methods� 
The MDSF is model independent. It uploads results or input data derived from external models i.e. 
�pre-processed� data, which may be termed soft-coupling. For this, there is no restriction on the source 
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model or information. There is no hard-coupling between the MDSF GIS Framework and any external 
models. 
 
1.4.3 Criterion �Uncertainty� 
The MDSF includes a simple calculation allowing the user to define upper and lower pre-determined 
bounds on the input flood levels which is then translated to uncertainty in economic damage to 
commercial and residential, affected population and social vulnerability. The procedure allows for the 
bands to be set at any degree of confidence the user considers to be appropriate. 

1.5 Presentation 
1.5.1 Criterion �Target end-users� 
The target end-users for MDSF are the Environment Agency of England and Wales (EA); the EA 
consultants undertaking CFMPs and SMPs; and the Local Authorities. 

Table 33 Review against criterion �Target end-users� for MDSF. 

DSS End-user Knowledge level 
MDSF EA Intermediate 
MDSF EA consultants Good 
MDSF Local Authorities Basic 

 
1.5.2 Criterion �Visualisation� 
The MDSF software tool comprises a customised open-architecture GIS tool, and thus all the results 
and information are presented in shape files, raster images and the corresponding attribute data is 
accessible in tabular form. This enables a useful visual interpretation to aid the decision maker, in 
particular, with respect to spatial planning and zoning. 

Table 34 Review against criterion �Visualisation� for MDSF. 

DSS Static visualisation Dynamic visualisation 
MDSF t, d, m none 
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Figure 1 Example screen shot of the MDSF property damage calculation 



FLOODsite Project Report  
Contract No:GOCE-CT-2004-505420 

T18_06_01_DSS_Review_D18_1_V2_2_P01.doc  08 05 2007 
51 

 
Figure 2 Example screen shot of population at risk and social vulnerability calculated by MDSF 

1.6 Technological realisation 
1.6.1 Criterion �Software architecture� 
The MDSF software is a customised open-architecture GIS tool developed to work with ArcView 
Version 3.2a. There are no hard links to external models and the MDSF modelling. Data is readily 
added or removed from the system in a manner consistent with adding or removing layers in a GIS 
environment.  It has an open framework meaning that water levels can be imported from any hydraulic 
model e.g. ISIS, HEC-RAS, TU-Flow, SOBEK etc. 

Table 35 Review against criterion �Software architecture� for MDSF. 

DSS Modular 
interfaces 

Interfaces Model 
coupling 

Development 
environment 

Code 
accessibility 

Program 
language 

MDSF Y Any recognised 
by ArcView e.g. 
shapefile, raster, 
csv, txt etc.  

n ArcView 
V3.2a 

y VB & 
ArcView 
Avenue script 

1.7 Others 
1.7.1 Criterion �Application� 
The MDSF is widely used in the UK which can be attributed to: 
 
• It automates a number of tedious calculations allowing economic damage for tens of thousands 

of properties. 
• It includes agricultural calculations.   
• User Support which includes general advice and support to users for the Procedures, Software 

and User Guide including hot line support. The guidelines ensure the support is responded to 
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within 24 hours and provided within 3 working days. 
• Software maintenance which includes (i) monitoring the use of the MDSF; (ii) maintenance and 

servicing of the MDSF website; (iii) provision of the MDSF to users on a CD; (iv) user group 
meetings; (v) maintenance of the Procedures and Software including bug fixes to existing 
functionality; and (vi) preparation and distribution of upgrades to the Procedures and Software. 

• User Training: this typically takes half a day and is provided on request. 
• Incorporated national data sets: the base data sets are supplied and available with the software, 

for example, the river network and social vulnerability indices. The DTM and National Property 
Database are not embedded due to the size, but are readily obtainable from the EA. Imported data 
sets can be used to improve on existing base data. 

• Advocated by the EA for use by consultants in undertaking CMFPs and SMPs. 
 
The MDSF has been applied outside of the UK, to an area in South East Asia, for the Mekong River 
Basin Commission (see: http://www.mrcmekong.org/annual_report/ar5.htm and http://www.halcrow. 
com/archivenews_march02_mekong.asp). For this, the open code was updated to suit the local 
requirements, data and conditions. 
 
1.7.2 Criterion �Weaknesses and strengths� 
The MDSF key strengths are that it: 

- is an open architecture GIS tool i.e. model independent; 
- has no restrictions on spatial resolution of data; 
- can be applied at any scale; 
- is widely used throughout the UK, with available user support and training; 
- provides a valuable system for establishing which assets or systems of assets are at risk; 
- provides economic data regarding expected damage;  
- includes a simple approach for uncertainty. 

 
The MDSF weaknesses are that it: 

- it requires proprietary software, ArcGIS, for which there are associated costs and licensing 
and some users may favour alternatives e.g. MapInfo; 

- it does not consider performance of defences e.g. reliability and failure modes 
- does not post-processing tools e.g. cost-benefit analyses, multi-criteria analyses, present 

values calculations etc. 
 
MDSF2 is currently under development.  The key objective of this is to incorporate risk-based 
methods (Section 6) into MDSF, incorporating defence reliability and failure modes.  A further 
requirement is to ensure the engine is as software independent as possible i.e. limit the dependence on 
proprietary software such GIS or MapInfo.  
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2. DESIMA  

2.1 Brief Description 
Decision Support for Integrated Coastal Zone Management (DESIMA) is an information tool 
developed under a European Commission project in 1998 led by Matra Systems & Information from 
France, with partner contributions from Mecanique Appliquee et Sciences de l'Environnement (ACRI) 
in France, Satellite Observing Systems UK, and HR Wallingford UK. The project aim was to provide 
an information tool for decision makers to give efficient answers for the development of operational 
and integrated coastal zone management. The coastal zone experiences variety of increasing and 
competing demands and a major challenge is to achieve a balance among the sometimes incompatible, 
activities such as tourism, fishing, hazard mitigation and marine research. The need was therefore 
identified for tool to assist decision-making, effective management, protection and development of the 
coastal zone. 

2.2 Contents 
2.2.1 Criterion �Flood risk system� 
For this system, it is essential to distinguish between provision of an operating system which integrates 
data from different sources, passes the data through a series of modules and then demonstrates the 
results in a manner to assist decision makers from a DSS tool geared specifically towards solving 
particular long-term flood risk management planning issues. The DESIMA prototype tool was 
arbitrarily chosen to address certain coastal issues, however, the true measure of success was the 
enactment of the operating system, including the architecture, the data interfacing (from various 
information sources such as earth observation, in-situ data and numerical models) and the translation 
of this information into a useful decision making format. 
 
If the DESIMA information tool were evaluated against the �food risk system� criteria, it may be 
noted that it does reflect elements of the source, pathway and receptor terms. For example, the external 
models may be altered to reflect changes in source loading and the pathways are represented through 
the data and methods (e.g. breach development). The results are viewed through a decision support 
information tab, which is analogous to the decision support module, where selected information and 
results are plotted or displayed visually. 
 
2.2.2 Criterion �Measures and Instruments� 
The DESIMA framework enables measures and instruments to be introduced into the system as 
appropriate. For the DESIMA prototype tool, measures were included through altering the input data 
or models, for example, altering topographic data or raising the sea-wall height. These were then 
incorporated as a series of design options, including the present day case. However, more specific, 
targeted measures could be included for other enactments of the system. A facility for multiple 
changes can be included in the operating system, enabling combinations of measures. 
 
2.2.3 Criterion �Scenarios for external change� 
The DESIMA framework is data driven and therefore the most basic method for considering scenarios 
for external change is to alter the source data i.e. alter the external model or loading conditions. For 
the DESIMA prototype, modules were generated to represent climate, namely present day, sea level 
rise and increased storminess. 
 
2.2.4 Criterion �Spatial and temporal scales� 
The spatial and temporal scale is unrestricted. The DESIMA prototype tool was developed for a 
specific coastal application, however, the DESIMA operating system is readily extendable to other 
applications. It is not restricted to flood risk management or even water related fields. 
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Table 36 Review against criterion �Spatial and temporal scales� for DESIMA. 

DSS Planning 
time 
horizon 

Scenario 
time 
horizon 

General time 
steps 

Model time 
steps 

Spatial scale Spatial data format 

DESIMA Any  Any   Any Any 
 

2.3 Assessment 
2.3.1 Criterion �Kind of assessment� 
The DESIMA operating system provides the scope to incorporate the appropriate assessment model. 
For the DESIMA prototype tool, the enactment was for a sea defence wall study. To this end, the 
assessment methods and modules were structured accordingly, providing information on metrics such 
as offshore and near shore waves heights, breach development, flood risk extents and economic 
appraisal. 

2.4 Methodology 
2.4.1 Criterion �Input data� 
The DESIMA operating system provides the scope to interface with the data sources, such that large 
data sets stay with data providers and the data formats do not have to be changed. This is a useful 
approach in the instance where the data is regularly being updated, for example, weekly or daily 
precipitation. The users have real-time access to data and models through a user interface that allows 
interpretation of various formats on a single PC or workstation using a regular browser. For the 
DESIMA prototype tool, typical data sets included bathymetry, wind and wave data, tidal levels, sea 
defence heights, joint probabilities and economics. 
 
2.4.2 Criterion �Methods� 
The methods within the DESIMA prototype tool were selected as appropriate to the pilot sites, to 
demonstrate enactment of the DESIMA framework. Examples of the modules used for the sea wall 
defence case study are: 
 
• Predict offshore wave climate 
• Predict near shore wave climate 
• Establish extreme wave and water level conditions 
• Analysis of in situ beach profile data 
• Predict long term future beach behaviour 
• Assess breach risk at a given locations 
• Calculate flood maps for various return periods 
• Evaluate economic appraisal 

 
2.4.3 Criterion �Uncertainty� 
DESIMA does not include an uncertainty module. 

2.5 Presentation 
2.5.1 Criterion �Target end-users� 
The end users for the DESIMA prototype tool are authorities or consultants interested in the 
development of operational and integrated coastal zone management. 
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Table 37 Review against criterion �Target end-users� for DESIMA. 

DSS End-user Knowledge level 
DESIMA Authorities Basic 
DESIMA EA consultants Intermediate 

 
2.5.2 Criterion �Visualisation� 
The DESIMA prototype tool map based user interface enables photographs and diagrams to be 
uploaded, results to be shown on graphs and viewing of maps to scale. 

Table 38 Review against criterion �Visualisation� for DESIMA. 

DSS Static visualisation Dynamic visualisation 
DESIMA t, d, m none 

 

2.6 Technological realisation 
2.6.1 Criterion �Software architecture� 
DESIMA has an open architecture which is distributed and interoperable. The prototype tool includes 
various data inputs, delivered by several data providers, and local and remote data sets and models, 
facilitating integration between these data and models. DESIMA provides real-time access to these 
data and models through a map based user interface that allows interpretation of various data formats 
on a single personal computer or workstation using a regular browser. The decision making process in 
coastal management involves a series of inter-related mathematical models to forecast coastal 
behaviour under different scenarios. This is streamlined in DESIMA, by cascading the models such 
that requesting a high-level decision automatically invokes the component models. For example, a 
request for seawall overtopping information automatically invokes the generation of offshore wave 
climates, offshore to inshore refraction processes and overtopping calculations. 

Table 39 Review against criterion �Software architecture� for DESIMA. 

DSS Modular 
interfaces 

Interfaces Model 
coupling 

Development 
environment 

Code 
accessibility 

Program 
language 

DESIMA y To external data 
sources 

n Map based 
interface 

y JavaScript 

2.7 Others 
2.7.1 Criterion �Application� 
As part of the project, the DESIMA prototype tool was developed to enact the operating system 
framework. As mentioned above, this was designed to integrate information from sources such as 
satellite data, in situ measurements and numerical models to simulate events in two specific locations. 
HR Wallingford investigated the coastal defence issues around West Bay in Dorset, a region that 
illustrates many of the features common to all coastal management situations. ACRI simulated an oil 
spillage scenario in the Gulf of Lyon, where consideration was given to which data sets were needed, 
how these could be called up remotely from different providers across Europe and whether they could 
then be meshed together into a single real-time system for use by coastal engineers. 
 
2.7.2 Criterion �Weaknesses and strengths� 
In considering the strengths and weaknesses of the tool, it is important to consider the criteria for this. 
For example, the DESIMA prototype tool was purely developed as a means to enact a framework i.e. 
to illustrate the benefits of an operating system which can draw on various data sources, process the 
data through the relevant calculations, and then present the results in a format that aids the decision 
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making process. In other words, the methods themselves are fairly arbitrarily chosen, and in this 
instance they were for a coastal application. 
 
The key strengths of the DESIMA operating system framework are that it: 
 
• provides an efficient distributed and interoperable open architecture which does not rely on 

proprietary software; 
• interfaces with data and models in real time, thus avoiding issues such as data upgrades, licensing 

and enabling real time forecasting and evacuation planning as well as scope for long-term 
planning; 

• it is not restricted by temporal or spatial scales; 
• it has the flexibility to include any appropriate modules or methods; 
• benefits end-users who will profit from a DESIMA information system through more efficient 

decision making leading to cost and time savings and assuring a sustainable development of 
natural resources in coastal zones; 

• enables end-users to economize their investments in human and non-human resources to the 
necessary functional dimension because the DESIMA distributed architecture avoids that know-
how and informatics equipment are unnecessarily duplicated at the user's site. 

 
The weaknesses of the DESIMA operating system framework are that it: 
 
• for some applications, it may be more beneficial to have the data stored locally, such that the data 

and methods may be more intricately linked; 
• there is no existing training, user support or software maintenance; 
• the existing prototype tools and methods are specific to coastal applications. 
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3. FloodRanger 

3.1 Brief Description 
FloodRanger is an educational game about managing flood defences along rivers and coasts, but is 
included here as it incorporates some of the concepts peculiar to long-term planning, such as future 
population or climate change scenarios. It is intended to raise awareness of flood and coastal defence 
issues in a way that is both fun and thought-provoking. The game uses a virtual terrain loosely based 
on the east coast of England and the objective is to defend urban areas and sites of special scientific 
interest while maintaining levels of housing and employment for an expanding population. The 
development of FloodRanger was funded by the Office of Science and Technology in the UK as part 
of the Foresight programme. It is a joint project between Discovery Software Ltd. and View the World 
Ltd. 

3.2 Contents 
3.2.1 Criterion �Flood risk system� 
FloodRanger incorporates source, pathway and receptor terms. The volume of water entering the 
catchment is calculated based on rainfall runoff; permeability of the underlying geology; the drainage 
network; rainstorm events of different sizes and frequency; tidal height; sea level rise; coastal 
subsidence and storm surges. The receptor terms are represented through the floodplain land use, for 
example, housing, industry development, cities, forests, Sites of Special Scientific Interest (SSSIs) and 
National Parks. 
 
3.2.2 Criterion �Measures and Instruments� 
The management measures include sea defences and river defences. There are four types of sea 
defences including: beach replenishment, groynes, saltmarshes and sea walls and there are seven types 
of river defences including: small and large weirs, locks, dykes, river walls, demountables and 
reservoirs. There is also a tidal barrier, which is a special case, classified within river defences but also 
providing defence against coastal flooding events. 
 
3.2.3 Criterion �Scenarios for external change� 
The user can select between two world future scenarios in combination with four climate change 
scenarios taken from the UK Hadley Centre for Climate Change. 
 
The future climate description is based on the four different emissions scenarios published by the 
Intergovernmental Panel on Climate Change [www.ipcc.ch] and used in the UK Climate Impacts 
Programme (UKCIP02). The four climate change scenarios (Low, Medium-Low, Medium-high and 
High) are based on the Hadley Centre climate model plus higher resolution regional models to 
simulate changes over a grid with a 50 km resolution. 
 
The two world futures scenarios have been built into Flood Ranger, World Markets and Local 
Stewardship; they are derived from the UK national Foresight Programme (OST, 2004). World 
scenarios form a starting point for major trends and influences that will have an impact on markets, 
society and the environment. The context of these scenarios comes from looking at the spectrum of 
development in governance between globalisation and regionalisation and social values from 
consumerism and community. The main characteristics of the two scenarios are shown in the table. 
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Table 40 Main scenario characteristics (OST, 2004) 

 
 
3.2.4 Criterion �Spatial and temporal scale� 
The virtual digital terrain model has a grid resolution of 250 m and is based on an area on the east 
coast of England. The user is charged with managing the flood risk over a period of 100 years, while 
maintaining housing and employment levels for an expanding population. 

Table 41 Review against criterion �Spatial and temporal scales� for FloodRanger. 

DSS Planning 
time 
horizon 

Scenario 
time horizon 

General 
time 
steps 

Model 
time 
steps 

Spatial scale Spatial data format 

FloodRanger 100 year 100 year 10 year   3D visualisation 

3.3 Assessment 
3.3.1 Criterion �Kind of assessment� 
The FloodRanger assessment provides results based on independent assessments of particular issues 
rather than a multi-criteria type analysis. For example, typical results include �% areas at risk of 
flooding�, �% health of environment� or �% regional insurance premium�.  Note: these are not real. 

3.4 Methodology 
3.4.1 Criterion �Input data� 
The FloodRanger �data� is embedded within the game. 
 
3.4.2 Criterion �Methods� 
The region has been created using an extensive hydrological model built into a 3D landscape, which 
takes into account real information about rainfall, drainage, tides, climate and topography. The game is 
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a stand alone piece of software that does not interface with alternative data sources or models i.e. no 
hard- or soft-coupling. 
 
3.4.3 Criterion �Uncertainty� 
FloodRanger does not incorporate an uncertainty module. 

3.5 Presentation 
3.5.1 Criterion �Target end-users� 
FloodRanger is aimed at flood defence practitioners, local authorities, insurers, universities and 
schools. The �target� end users require limited background knowledge as the game is explained at a 
very basic level. 

Table 42 Review against criterion �Target end-users� for FloodRanger. 

DSS End-user Knowledge level 
FloodRanger Flood defence practitioners Basic 
FloodRanger Local authorities Basic 
FloodRanger Insurers Basic 
FloodRanger Universities & schools Basic 

 
3.5.2 Criterion �Visualisation� 
FloodRanger enables 3D visualisations and animations. Layers containing information about different 
features, for example, moors, grasslands and substrate type are displayed through overlays. 

Table 43 Review against criterion �Visualisation� for FloodRanger. 

DSS Static visualisation Dynamic visualisation 
FloodRanger t, d, s s 

 

 
Figure 3 Screen shot of FloodRanger (Courtesy of Discovery Software). 



FLOODsite Project Report  
Contract No:GOCE-CT-2004-505420 

T18_06_01_DSS_Review_D18_1_V2_2_P01.doc  08 05 2007 
60 

3.6 Technological realisation 
3.6.1 Criterion �Software architecture� 
FloodRanger is a closed architecture as it is intended to be a stand-alone software. 

Table 44 Review against criterion �Software architecture� for FloodRanger. 

DSS Modular 
interfaces 

Interfaces Model 
coupling 

Development 
environment 

Code 
accessibility 

Program language 

FloodRanger n n n  n  

3.7 Others 
3.7.1 Criterion �Application� 
The FloodRanger programme is available via the Internet for a nominal fee at 
http://www.discoverysoftware.co.uk/FloodRangerBuy.htm. More than 40 copies have been sold to the 
United States Environmental Protection Agency and the Thames Barrier has inquired after its own 
custom-made version. 
 
A promotional workshop was held on the 17 February 2004. This included attendees from 
consultancies and government agencies from England and Wales, Germany, the Netherlands and 
Belgium. The findings were (EA 2004): �Delegates were generally very impressed with FloodRanger 
and many expressed an interest in obtaining a copy. It was felt that this type of model could be good 
for public education, but FloodRanger itself is rather complex, and many of the concepts and measures 
would not be understood by the non-specialist. It helped delegates get a feel for strategic planning of a 
whole catchment or coastal area. Overall, delegates were impressed with the features, but some 
suggestions were made for improvements. The software was reasonable easy to use.� 
 
3.7.2 Criterion �Weaknesses and strengths� 
The key strengths of FloodRanger are that it: 
 
• serves as a valuable educational tool for communicating the issues associated with long-term flood 

management 
• is easily accessible via the Internet 
• does not require proprietary software 
• provides useful 3D visualisations of the flood system 
 
The weaknesses of FloodRanger are that: 
 
• some of the long-term planning issues are not easily understood by non-specialists 
• it does not introduce uncertainty concepts 
• it is not a DSS and cannot be used for Flood Risk Management 
• it does not allow flooding 
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4. EUROTAS 

4.1 Brief Description 
The EUropean River Flood Occurrence & Total Risk Assessment System (EUROTAS) was funded by 
the European Commission from the 2nd call of the Fourth Framework under the Hydrological Risk 
component of the Environment and Climate Programme. The EUROTAS Decision Support System 
provides a framework to assist planners and decision makers in undertaking catchment studies whilst 
fulfilling a range of objectives. These include undertaking river management studies in a �quality 
assured� manner through some form of information management system; ensuring the decisions made 
and their predicted consequences are recorded and that the benefits and drawbacks can be 
demonstrated to the relevant stakeholders and political decision makers. The EUROTAS Project was 
led by HR Wallingford with contributions from the Danish Hydraulic Institute (Denmark), Delft 
Hydraulics and the Institute of Inland Water Management and Waste Water Treatment (Netherlands). 

4.2 Contents 
4.2.1 Criterion �Flood risk system� 
The EUROTAS DSS incorporates the various source, pathway and receptor components of the flood 
risk system.  Water levels are obtained from external models.  Pathways are represented through cross-
sections and Digital Terrain Model information and the DSS includes a flood spreading algorithm for 
the imported water levels. The receptor information is represented as a vulnerability layer (or shape 
file), providing the potential consequences at a given location. This distinguishes between urban areas, 
non-critical areas such as forests and grassland and it considers agriculture land-use and farm 
management practices. The vulnerability layer defines the size of the event at which inundation is 
acceptable for each location given its land-use. 
 
The DSS includes a management / decision support type module, whereby the user can construct 
queries and search the catchment simulations for conditions which match a certain set of objectives or 
�goals�. The DSS applies case-based reasoning to explore the database of model simulations to 
identify which ones best satisfy the flood risk management objectives. 
 
4.2.2 Criterion �Measures and Instruments� 
The types of measures include �river engineering scenarios� which include, for example, construction 
of diversion channels, channel enlargement, embankment, hydraulic control structures, lowering 
ground levels on flood plains etc (Table x & Figure x). Three distinct phases are considered: (i) pre-
feasibility planning phase, (ii) feasibility phase and (iii) the detailed design stage. The level of 
modelling and detail is appropriate to the phase i.e. (i) 1D models, (ii) detailed 1D model adopting a 
multi-disciplinary approach which covers a large part of the river system and (iii) detailed 2D/3D 
models respectively. The pathway and receptor measures also include the facility for altering the land-
use, which include urban areas, open water, types of agricultural use, grassland, forest and upland. 
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Table 45 Example of EUROTAS DSS river engineering measures. 

 
 
4.2.3 Criterion �Scenarios for external change� 
The EUROTAS DSS includes scope for external drivers such as climate change. The external climate 
change model incorporates an Expanded Downscaling (EDS) method which generates point rainfall 
and other appropriate meteorological time series data for future climate change scenarios based upon 
historic data at the site and scenario predictions from a General Circulation Model (GCM).  
 
The project recommended development of real climate change procedure which incorporates more 
readily and flexibly the climate information from global climate models and transfers it into weather 
information. The core element would be a weather generator with climate dependent parameters. 
 
4.2.4 Criterion �Spatial and temporal scales� 
The EUROTAS DSS is designed for catchment scale applications. 

Table 46 Review against criterion �Spatial and temporal scales� for EUROTAS. 

DSS Planning 
time horizon 

Scenario 
time 
horizon 

General 
time 
steps 

Model 
time 
steps 

Spatial 
scale 

Spatial data format 

EUROTAS 10-100year 
 

100year   Catchment 
scale 

Shape files, DTM, raster 

4.3 Assessment 
4.3.1 Criterion �Kind of assessment� 
The assessment is not multi-criteria. It is a rules-based �goal� driven approach, where the user defines 
the objectives and the various options are evaluated on a case-based reasoning to identify which option 
best satisfies the flood risk management objectives. 
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4.4 Methodology 
4.4.1 Criterion �Input data� 

Table 47 Review against criterion �Input data� for EUROTAS. 

Dataset Source Temporal 
resolution 

Spatial 
resolution 

Availability Sensitivity 

DTM National DTM  Any   
River cross-
sections 

User / other 
Shapefiles, .txt files 

 Any   

Hydraulic 
structure 
information 

User / other     

Water levels Imported from 
models 

 Any    

Land Cover 
Map 

Embedded in DSS 
but potential to add 
new information 

 0.5km pixel 
resolution 

  

 
4.4.2 Criterion �Methods� 
The DSS tool allows the user of the system to construct queries (Figure x) and search the catchment 
simulations for conditions which match a certain set of objectives or �goals�. The DSS applies case-
based reasoning to explore the database of model simulations to identify which ones best satisfy the 
flood risk management objectives.  The cases are described through descriptions of the climate 
change, land-use and river engineering scenarios. These are then exported to external hydraulic and 
hydrologic simulation models (e.g. ISIS, SOBEK, CLASSIC) and post-simulation, the results are re-
imported to the DSS for analysis. Analysis includes, for example, consideration of water levels and 
environmental impacts to identify the most appropriate solution. 
 

 
Figure 4 Example screens hot of the query builder. 
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4.4.3 Criterion �Uncertainty� 
Uncertainty approach adopted in the EUROTAS project is based on the General Likelihood 
Uncertainty Estimate (GLUE) methodology. The GLUE procedure provides tools for sensitivity 
analysis and uncertainty estimation using the results of Monte Carlo simulations. Here, it was used to 
determine the uncertainty of the design flood, the flood simulation and to propagate the uncertainty 
through to the inundation area. 

4.5 Presentation 
4.5.1 Criterion �Target end-users� 
The DSS prototype was intended to assist planners, decision makers, local authorities and Agencies 
involved in flood risk management. 

Table 48 Review against criterion �Target end-users� for EUROTAS. 

DSS End-user Knowledge level 
EUROTAS Planners (land-use) Intermediate 
EUROTAS Decision makers Intermediate 
EUROTAS Public authorities Basic 
EUROTAS Agencies involved in flood defence provision Intermediate 
EUROTAS Educational institutes Basic 
EUROTAS Academic researchers Expert 

 
4.5.2 Criterion �Visualisation� 
Visualisation includes static maps, shape files and raster images i.e. all file types typically associated 
with an ArcGIS environment (Figure 5). 

Table 49 Review against criterion �Visualisation� for EUROTAS. 

DSS Static visualisation Dynamic visualisation 
EUROTAS t, d, m  
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Figure 5 Example screen shot of the EUROTAS DSS. 

4.6 Technological Realisation 
4.6.1 Criterion �Software architecture� 
The EUROTAS DSS is based around the ArcView GIS software package and it is fully integrated 
within the overall Integrated Catchment Modelling (ICM) framework. 

Table 50 Review against criterion �Software architecture� for EUROTAS. 

DSS Modular 
interfaces 

Interfaces Model 
coupling 

Development 
environment 

Code 
accessibility 

Program 
language 

EUROTAS   yes ArcView GIS  Avenue (main) 
VB, C++, 
Fortran 
(elements) 

 
The DSS tool includes coupling with commercial hydraulic and hydrological models, for example, the 
ISIS, MIKE11 and SOBEK hydrodynamic modelling suites and the CLASSIC, DCN and HBV 
catchment hydrological models. The ICM links existing models together using data exchange 
protocols around agreed formats, coupling the process models at a �coarse grained� level of 
interaction. These protocols and formats are a key output of the EUROTAS project. 

4.7 Others 
4.7.1 Criterion �Application� 
Prototype DSS tools were built to enact the EUROTAS framework. These were applied to five pilot 
sites: the SAAR Rhine (Netherlands), the Thames (UK), the Pinios (Greece), the Elbe (Germany) and 
Liri-Garigliano (Italy). The issues considered included river engineering, land-use change, climate 
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change, risk and uncertainty (Table 51). 

Table 51 Pilot catchments and issues considered in each pilot site. 

 
 
The DSS tool was project specific and therefore not intended for commercial distribution. Despite this, 
dissemination of the knowledge and project demonstration CD has taken place. This has been through 
conferences, (i) Advances in Flood Research and (ii) Hydrology and Earth Systems Science, as well as 
knowledge feeding into the 5th Framework EC project Mitigation of Climate Induced Hazards 
(MITCH) and initiatives such as EU-MEDIN for the mitigation of flash flood risks. - Any commercial 
DSS would need further development from the prototype, possible with additional proprietary 
software tools. 
 
4.7.2 Criterion �Weaknesses and strengths� 
The key strengths of the EUROTAS DSS are that it: 
 
• incorporates the components of the flood risk system i.e. Source, Pathway, Receptor; 
• includes a reasonably good climate change model albeit a static component; 
• incorporates environmental impacts; 
• incorporates uncertainty modelling using Monte Carlo analysis through the GLUE approach 
• has been applied to five pilot sites located in different countries, illustrating ease of application for 

different countries and with varying data sets / models 
 
The weaknesses of the EUROTAS DSS are that it: 
 
• has direct coupling with models. While this is an achievement in terms of the software integration 

i.e. models passing information to one-another, it limits the use with alternative models. 
• to provide a commercial product (which it was never intended for), it would require further 

development from the prototype 
• is no-longer in use as it was built to demonstrate/enact the methodologies within the project but 

was never intended for ongoing use. 
  
For further information on EUROTAS, see 
http://www.hrwallingford.co.uk/projects/EUROTAS/index.html 
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5. RASP based DSS tools 
Risk Assessment of Flood and Coastal Defence for Strategic Planning (RASP) is a framework which 
provides tools for risk assessment and decision support, with due consideration of sources of risk, risk 
pathways and receptors at risk. The RASP methodology is based on a probabilistic approach to 
determining the flood probability that can then be used to established expected annual damage for a 
range of impacts (e.g. £, people etc).  

Table 52 Hierarchy of RASP methodologies, decision support and data required. 

Level of 
assessment 

Decisions to inform Data sources methodologies 

High National assessment of 
economic risk, risk to life 
of environmental risk 

Initial prioritisation of 
expenditure across all 
functions 

Regional Planning 

Flood Warning Planning 

Defence type 

Condition grades 

Standard of Service 

Indicative flood plain 
maps 

Socio-economic data 

Land use mapping 

Generic probabilities of 
defence failure based 
on condition 
assessment and SOP 

Assumed dependency 
between defence 
sections 

Empirical methods to 
determine likely flood 
extent 

High Level Plus As above 

 

Above plus: 

Digital Terrain Maps 

Quantitative loading 

Floodplain depths in the 
absence of defences 

As above, with 
improved estimate of 
flood depth using DTM 

Intermediate Above plus: 

Flood defence strategy 
planning 

Regulation of 
development 

Regional prioritisation of 
expenditure across all 
functions 

Planning of flood warning 

Above plus: 

Defence crest level and 
other dimensions where 
available 

Joint probability load 
distributions 

Flood plain topography 

Detailed socio-economic 
data 

Probabilities of defence 
failure from reliability 
analysis 

Systems reliability 
analysis using joint 
loading conditions 

Modelling of limited 
number of inundation 
scenarios 

Detailed Above plus: 

Scheme appraisal and 
optimisation 

Above plus: 

All parameters required 
describing defence 
strength 

Synthetic time series of 
loading conditions 

Simulation-based 
reliability analysis of 
system 

Simulation modelling 
of inundation 

Note: these levels of assessment do not uniquely support a single decision but rather elements 
of each can be used in combination. 
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Figure 6 Example of RASP High, Intermediate and Detailed Level Analysis. 

Unlike all other approaches it explicitly recognises that sources, pathways and receptors behave as 
integrated systems and that flooding at a given location in the floodplain is a function of the 
performance of that system (including a range of storm events and possible defence responses and 
receptor behaviour). Key to the RASP analysis is the notion of hierarchy, which allowing data and 
models to be improved and uncertainty reduced within a common framework (Table 52). 
 

 
Figure 7 Source/Pathway/Receptor/Consequence model for flood risk. 

At present RASP supported DSS have either been developed or are in the process of being developed. 
These are outlined in the figure below. 
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Only one of these tools, NaFRA has been developed to the stage of a DSS and PAMS is currently 
being developed. These are discussed below. 

5.1 NaFRA  
5.1.1 Brief Description 
The National Flood Risk Assessment (NaFRA) DSS tool, commissioned by the Environment Agency 
of England and Wales, has been developed by HR Wallingford with support of John Chatterton and 
Associates and Halcrow to support national planning policy in the UK. It is specifically designed for 
national application and enacts the so-called RASP High Level Methodology that forms part of a 
consist hierarchy of risk assessment methods developed by HR Wallingford with support of the 
University of Bristol for the Environment Agency (RASP - Risk Assessment of Flood and Coastal 
Defence for Strategic Planning (RASP) methodology (http://www.rasp-project.net/)).  This DSS has 
been used to support Foresight and a series of national flood risk assessments since 2000. 
 
The NaFRA DSS tool is a national application of the High Level Method, which provides consistent 
information to support flood management policy, strategic prioritisation of investment in defence 
improvements or other flood management options and monitoring the performance of flood risk 
mitigation activities. 
 
Note: Although the NaFRA DSS tool is fully-coded and functional, it is not a commercial software 
tool with a specifically designed User Interface. However, it has been used for the national 
applications in 2002, 2004 and 2005 and NaFRA 2006 is now underway. Each national application 
provides an improvement on the previous application, in that the methods and data sets are constantly 
evolving. 

5.2 Contents 
5.2.1 Criterion �Flood risk system� 
The NaFRA DSS tool incorporates the RASP system-based analysis which considers the source, 
pathway and receptor terms. The source terms include the loading, for example, in-channel river water 
levels and coastal surge and wave conditions. The pathway terms include flood defences and the 
floodplain which may exist between the in-channel river flows and a housing development. The main 
considerations are therefore defence performance under load, overtopping and floodplain inundation. 
The receptor terms cover any entity that may be harmed by a flood and the material damage that may 
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be suffered where a quantitative relationship between flood depth (velocity is currently excluded at the 
national level) and the magnitude of the damage exists.  The Receptor terms include information on 
exposure (e.g. property locations), quantified vulnerability (e.g. depth-damage curves) and agricultural 
production. 
 
5.2.2 Criterion �Measures and Instruments� 
The management measures in the NaFRA DSS tool are represented through altering the input data 
sets, for example, changing the crest level on a system of defences, altering the position or standard of 
protection of the defences or changing the floodplain land-use. ArcGIS based tools are available to 
assist in implementing these data changes. 
 
5.2.3 Criterion �Scenarios for external change� 
The scenarios for external change such as climate change are altered by changing the flow conditions 
and flow structures (e.g. introduction of in-line / off-line storage) in the off-line external models i.e. by 
altering the input loading conditions. 
 
5.2.4 Criterion �Spatial and temporal scales� 
The NaFRA DSS tool is independent of spatial or temporal scale. However, the methodological 
assumptions are consistent with the degree of uncertainty that can be tolerated at a policy level but 
would (typically) need to be reduced at action level. 

Table 53 Review against criterion �Spatial and temporal scales� for NaFra. 

DSS Planning 
time 
horizon 

Scenario 
time 
horizon 

General 
time 
steps 

Model 
time 
steps 

Spatial scale Spatial data format 

NaFRA any any   Any Shape files, DTM, raster 
images, individual defence data 

5.3 Assessment 
5.3.1 Criterion �Kind of assessment� 
The NaFRA DSS tool provides due consideration of the various receptor terms, for example, property, 
population information and social vulnerability indices. The data for these are provided from external 
sources, and the analysis within the NaFRA methodology does not incorporate a multi-criteria 
analysis. 

5.4 Methodology 
5.4.1 Criterion �Input data� 

Table 54 Review against criterion �Input data� for NaFra. 

Dataset Source Temporal 
resolution 

Spatial 
resolution 

Availability Sensitivity 

National DTM Environment Agency any any   
Defence type Environment Agency any any   
Condition grades Environment Agency any any   
Standard of Service Environment Agency any any   
Indicative 
floodplain maps 

External model any any   

Floodplain depths 
in the absence of 
defences 

External model any any   
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Socio-economic 
data 

Environment Agency any any   

Land-use mapping Environment Agency any any   
Valley type 
classification 

Environment Agency any any   

River centreline Environment Agency any any   
 
5.4.2 Criterion �Methods� 
The methodology is based on a probabilistic approach to determining the flood risk and expected 
annual damage (£, people etc) at a given location in the floodplain as a result of the performance of the 
system of defences and the floodplain vulnerability. The method steps are to (i) generate flood extents 
for each defence, (ii) calculate defence systems for each impact zone, (iii) generate a series of depths 
for each impact zone and (iv) generate depths and probability for each combination of defence failure 
and return period. Issues considered include: 
 
• High level � expert judgement and simplified modelled - probabilities of defence failures given 

load based on condition assessment and Standard of Protection (SOP).  
• Assumed dependency load between defence sections 
• Assumed independence between defence sections in terms probability of failure 
• Empirical methods to determine likely flood extent. 

 
Within the RASP methodology, the flood spreading model dictates the reliability of the flooding 
parameters. In the NaFRA DSS tool, a simple parametric model is used due to the scale of the 
application. The limitation is that it cannot determine the velocity terms. 
 
5.4.3 Criterion �Uncertainty� 
The NaFRA methodology adopts an interval probability approach to describing uncertainty that 
considers and propagates uncertainty based on upper and lower bands which are applied to the defence 
fragility curves i.e. the loading versus the probability of failure and, receptor terms These upper and 
lower cases are then propagated through the mode to provide a final upper and lower case for each 
output, for example, Annual Excedence Probability in (Figure 8). 
 

 
Figure 8 Typical results from a NaFRA analysis showing flood depth versus probability 

relationship, integrating uncertainty by plotting upper and lower bounds. 
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5.5 Presentation 
5.5.1 Criterion �Target end-users� 
The NaFRA DSS tool provides output information for:  
 
• National assessment of economic risk, risk to life and risk to the environment 
• Initial prioritisation of expenditure across all functions 
• Regional planning 
• Flood Warning Planning 

Table 55 Review against criterion �Target end-users� for NaFRA. 

DSS End-user Knowledge level 
NaFRA EA�s Strategic Planners Medium - Basic 
NaFRA EA�s Regional and Area flood risk 

management teams 
Medium - Basic 

NaFRA Local Authorities Basic 
NaFRA EA� Flood Warning team Medium - Basic 

*EA = Environment Agency 
 
5.5.2 Criterion �Visualisation� 
The decision support information is provided such as people risk, expected annual damages and 
environmental impacts. These are spatially differentiated and available at each time. 

Table 56 Review against criterion �Visualisation� for NaFRA. 

DSS Static visualisation Dynamic visualisation 
NaFRA t, m, d  

 

5.6 Technological Realisation 
5.6.1 Criterion �Software architecture� 
Two databases are held in SQL Server. The Catchment Database contains the raw data that is required 
to do the processing, as well as the results of each of the processing stages. The Task Database 
contains the list of processing tasks that are to be carried out for one processing stage. The processing 
methodology has been divided into three steps 
 
• Flood extents 
• Defence systems 
• Flood depths 
 
each of which is dependent on the results of the previous step. 
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Figure 9 Typical results from the RASP analysis showing the spatial variation in flood inundation 

probability. 

Table 57 Review against criterion �Software architecture� for NaFra. 

DSS Modular 
interfaces 

Interfaces Model 
coupling

Development 
environment 

Code 
accessibility

Program language 

NaFRA y  n ArcGIS y Data-preparation Visual 
Basic; NaFRA analysis tool 
is C# operating on an SQL 
database 
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Figure 10 Existing RASP HLM+ architecture. 

5.7 Others 
5.7.1 Criterion �Application� 
The NaFRA DSS tool has been used for NaFRA 2002, 2004 and 2005 and NaFRA 2006 is now 
underway. Each of these national applications was to assess the present day case and each successive 
application provides an improvement in that the methods and data sets are constantly evolving. The 
analyses were undertaken by HR Wallingford and Halcrow, as the current software tool does not have 
a commercial front end for more general use. The results are then made available to the target end 
users (5.5.1) to assist decision making. 
 
In parallel, the NaFRA 2002 data sets were used within the Foresight project to enact future scenarios, 
for example, with climate and demographic change. These results were used to inform the 
FloodRanger DSS tool / educational game (Section 3). 
 
The NaFRA DSS tool is currently being applied within a UK national project, Thames Estuary 2100, 
which considers the flood risk management of the Thames Estuary for four epochs, including the year 
2100. 
 
5.7.2 Criterion �Weaknesses and strengths� 
The key strengths of the NaFRA tool are that it: 
 
• incorporates the flood risk system i.e. Source, Pathway and Receptor modelling; 
• includes the latest climate change approach as described in the Foresight Project; 
• incorporates some representation of uncertainty modelling, although it is based on a single 

parameter, the fragility curve, which is then propagated through the model; 
• it has been applied nationally for the present day case and for two epochs under the Foresight 

project and is being used for the Thames Estuary 2100 project; 
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• provides a valuable system for establishing which assets or systems of assets are at risk; 
• provides economic data regarding expected damage. 
 
The weaknesses of the NaFRA tool are that it: 
 
• provides a probabilistic predictions � these have inherent difficulties associated with 

understanding and for validation; 
• to provide a commercial product will require further development from the current tool set and 

this will require a substantial work effort to simplify the input options for a �basic� or 
intermediate� level user. 
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6. PAMS 

6.1 Brief Description 
The Performance-based Asset Management System (PAMS) is a tool which enables flood and defence 
managers to assess the performance of, and management requirements for, existing flood defence 
assets. These may involve maintenance, adoption / replacement or removal. The long-term planning 
functionality provides a means of identifying the preferred management intervention to achieve a 
particular performance outcome or expenditure profile. 
 
The PAMS DSS tool is included here, although it is still under development, due for completion in 
June 2007. To clarify, the conceptual methodologies which underpin the PAMS DSS are at an 
advanced stage of development and many of the DSS modules have been finalised, however the final 
front end and interfacing between the modules is still under development. 

6.2 Contents 
6.2.1 Criterion �Flood risk system� 
The PAMS DSS includes source, pathway, receptor and consequence modules as well as a 
management intervention and decision support module. It is based on a probabilistic approach to 
determining the flood risk and expected annual damage (£, people etc) at a given location in the 
floodplain as a result of the performance of the system of defences and the floodplain vulnerability. 
The probabilistic approach is based on the Risk Assessment of Flood and Coastal Defence for 
Strategic Planning (RASP) methodology (http://www.rasp-project.net/). The PAMS tool specifically 
focuses on the assets or system of assets, providing information on whether a given asset or asset 
property increases or decreases the flood risk. Application is unrestricted i.e. it can be applied to 
coastal, fluvial and estuary sites. 
 
The source terms include base meteorological data, surge and river levels and wave heights imported 
from external models. The pathways include the asset description, for example crest and toe levels, 
breach information and the Digital Terrain Model. Information on condition grade, standard of 
protection and type of defence is also included as the PAMS DSS considers the time-dependent 
deterioration of due to hydraulic loads (e.g. toe scour) and non-hydraulic loads (e.g. animal 
burrowing). The reliability of assets is also included, for example crest erosion, rotational slip etc. The 
Receptor terms include information on exposure (e.g. property locations) and quantified vulnerability 
(e.g. depth-damage curves). 
 
6.2.2 Criterion �Measures and Instruments� 
The management measures or interventions to reduce the probability of flood inundation include 
modification to the system of hydraulics, for example, offline storage, barriers, breakwaters and land-
use management changes and modification to existing asset performance, for example, increased 
maintenance and new build. Non-structural measures include the facility to alter the exposure and 
vulnerability hence increase resilience e.g. property zoning, evacuation planning, education etc. 
 
6.2.3 Criterion �Scenarios for external change� 
The module for future scenarios is still under development. Asset management takes place in the 
context of a changing world. The PAMS tool will be sufficiently flexible and adaptable to allow for 
changes in, for example: 
 
• Treasury guidance (discount rates, appraisal periods, etc.) 
• Government policy (sustainability, welfare, safety, environment, etc.) 
• Climate change (sea levels, rainfall, river flows, etc.) 
• Environmental requirements (e.g. soft engineering, habitats etc) 
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• Technology (updates in GIS, other databases, new methods of flood defence, etc.) 
• Land use (construction of or removal of developments in areas at risk from flooding, use of fallow 

land for agriculture, etc.) 
 
For this reason, the system is designed with an open architecture, allowing in individual modules to be 
revised independently, to enable the input of appropriate information about such issues whether 
directly or indirectly. For the future scenarios, knowledge from the FORESIGHT programme on 
broader sustainability issues such as resilience, robustness and social justice will be considered. 
 
6.2.4 Criterion �Spatial and temporal scales� 
The spatial and temporal scale is unrestricted. The analysis can be applied at a national or local level 
and to fluvial or coastal locations. It is based on assessment of the risk in impact zones defined within 
the natural floodplain, the size of which can be defined as appropriate to the data resolution and 
computational load. 

Table 58 Review against criterion �Spatial and temporal scales� for PAMS. 

DSS Planning 
time 
horizon 

Scenario 
time 
horizon 

General 
time 
steps 

Model 
time 
steps 

Spatial scale Spatial data format 

PAMS any any   Any Shape files, DTM, raster images 
 

6.3 Assessment 
6.3.1 Criterion �Kind of assessment 
The assessment will include multi-criteria analysis techniques, covering recreational amenity, 
economic damage, risks to people, health and safety of asset users, ecology, environmental 
degradation (habitat, water quality, landscape) and navigation. It may also make use of the evolving 
concept of Appraisal Summary Tables. 

6.4 Methodology 
6.4.1 Criterion �Input data� 

Table 59 Review against criterion �Input data� for PAMS. 

Dataset Source Temporal 
resolution 

Spatial 
resolution 

Availability Sensitivity 

Loading (water 
levels, surge) 

External models, data any any   

National DTM Environment Agency any any   
Defence location 
(+ attributes)  

Environment Agency any any   

Crest Levels Environment Agency any any   
Toe Levels Environment Agency any any   
Breach location Environment Agency any any   
Property data set Environment Agency any any   
Socio-economic 
data 

Environment Agency any any   

 
The PAMS tool is designed to take in water levels from any external source (e.g. models) and to use 
data which is provided through Microsoft Access databases, shape files and other ArcGIS compatible 
data. 
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6.4.2 Criterion �Methods� 
The methods are based on a probabilistic approach to determining the flood risk and expected annual 
damages (£). The probabilistic approach is based on the Risk Assessment of Flood and Coastal 
Defence for Strategic Planning (RASP) methodology (http://www.rasp-project.net/). The PAMS tool 
specifically focuses on the assets or system of assets, providing information on whether a given asset 
or asset property increases or decreases the flood risk. 
 
The principle modules include 
 
• An inspection Methodology (revised to gather key asset information); 
• Hazard Indexing (simplified approach allowing approximation of risk); 
• Analysis Engine based on aforementioned RASP methodologies (for defence performance and 

flood risk, including structural deterioration); 
• Decision Approach (using multi-criteria analysis); and 
• User Interface (GIS-based approach). 
 
The area of flood inundation may be determined from (i) simple empirical formulae; (ii) 1D routing in 
the absence of defences; (iii) quasi-2D floodplain flow or (iv) 2D/3D hydrodynamic models. I.e. the 
system is model independent. 
 
6.4.3 Criterion �Uncertainty� 
Uncertainty will be incorporated using uncertainty propagation techniques which will highlight the 
uncertainty in outcome associated with a given course of action, and the key issues contributing to this 
uncertainty, thus providing a useful insight to the decision-maker. 

6.5 Presentation 
6.5.1 Criterion �Target end-users� 

Table 60 Review against criterion �Target end-users� for PAMS. 

DSS End-user Knowledge level 
PAMS EA�s Regional and Area flood risk 

management teams 
Basic 

PAMS EA�s Area Operations Delivery Basic 
PAMS EA�s Corporate & Planning Basic 
PAMS Internal Drainage Board Basic 
PAMS Local Authorities Basic 
PAMS Indirect users � Water Companies - 
PAMS Indirect users � Network Rail - 
PAMS Indirect users � Energy Networks Assoc. - 
PAMS Indirect users � policy makers - 
PAMS Indirect users � process makers - 

*EA = Environment Agency 
 
6.5.2 Criterion �Visualisation� 
The decision support information is provided in terms of flood risk metrics such as people risk, 
expected annual damages and environmental impacts. These are spatially differentiated and available 
at each time. 
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Table 61 Review against criterion �Visualisation� for PAMS. 

DSS Static visualisation Dynamic visualisation 
PAMS t, m, d  

 

 
Figure 11 An example of mapped output showing critical linear defences. 

 

Figure 12 An example of the output showing critical elements of an asset. 

6.6 Technological Realisation 
6.6.1 Criterion �Software architecture� 
The PAMS system is designed with an open architecture (allowing individual modules to be revised 
independently) to enable the input of appropriate information about such issues whether directly or 
indirectly (e.g. via RASP/MDSF or other spatial models). 
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Table 62 Review against criterion �Software architecture� for PAMS. 

DSS Modular 
interfaces 

Interfaces Model 
coupling 

Development 
environment 

Code 
accessibility

Program language 

PAMS y  n ArcGIS y Visual Basic 
 

6.7 Others 
6.7.1 Criterion �Application� 
The PAMS DSS is still under development, due for completion in June 2007. A key development task 
will involve the application to pilot sites. 
 
6.7.2 Criterion �Weaknesses and strengths� 
The key strengths of the PAMS DSS are that it will: 
 
• fully represent the Flood Risk System through the Source, Pathway, Receptor, Management 

Response and Decision Support modules 
• is model independent; 
• includes multi-criteria analysis; 
• will have a module for estimating the propagation of uncertainty 
• is not restricted by temporal or spatial scales; 
• provides a valuable system for establishing which assets or systems of assets are at risk; 
• provides economic data regarding expected damage. 
 
The weaknesses of the PAMS DSS are that it will: 
 
• it requires detailed asset data including information about their condition, make, crest levels, toe 

levels and standard of protection; 
• provides a probabilistic predictions � these have inherent difficulties associated with 

understanding and for validation 
 
For further information on PAMS, see http://www.pams-project.net/. 
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7. Other non-UK specific tools 
The DSS tools in this section were not developed specifically in the UK or as part of European 
Projects that HR Wallingford was involved in. These tools are reviewed for completeness however 
discussion is restricted to the publicly available and accessible documentation. 

7.1 RAMFLOOD 
The Ramflood DSS tool is an output of the EC 5th Framework Project Ramflood, which includes six 
partners from Spain, Germany and Greece. The project aim was to develop and validate a new web-
based decision support system for the risk assessment and management of emergency scenarios due to 
severe floods. This entailed combining advanced information technologies with advanced methods for 
collecting, processing and managing hydro-geological data, qualitative methods based on simplified 
models and more complex computer simulation models, graphical visualization methods and artificial 
intelligence techniques, in order to provide comprehensive support so as to improve the process and 
outcome of decision making in flood management and risk assessment during the different stages of 
planning, flood fighting and post flood recovery. 
 

 
Figure 13 Flow chart of the Ramflood DSS information flows. 

The product is a Web based decision support system, that is, the end-user can work with it through a 
Web browser. It includes the following utilities: 
 
• Flood hazard analysis on a study area in real time. 
• Access to flood related information. 
• Users' communication tools. 
• New projects development tools. 
• Users' management. 
 
The Ramflood DSS tool has an open architecture (Figure x and x). The development is based on an 
original approach identified as the intelligent decision support architecture. The Ramflood model base 
includes some simple hydrologic forecasting tools and allows for the integration of alternative existing 
tools and others which are in the process of development. 
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Figure 14 Flow chart of the Ramflood DSS model/data interfacing. 

For further information on the Ramflood DSS see: http://www.cimne.upc.es/ramflood/. 

7.2 ANFAS 
7.2.1 Description 
ANFAS is a decision support system developed as part of a joint IST project between the EU and the 
People�s Republic of China. The system can be used by decision makers and stakeholders to simulate 
river floods and estimate the potential impacts. 

 
7.2.2 Architecture 
A key characteristic of the integrated system is that it is web-based with a distributed architecture 
(Figure x). This architecture was adopted because (i) with the storage of all data on the server data 
updates are immediately available to end users and (ii) since the numerical models often require 
excessive computational time the models can run n separate computer dedicated to the task. In order to 
compare flood scenarios and assess the impacts, it integrates in a transparent way for the user different 
modules:  
 
• Remote sensing / computer vision. The topographic data is prepared from a variety of sensors e.g. 

SAR, LiDAR, SPOT. 
• Geographic Information System (GIS) data bases  
• Numerical hydraulic models. The existing models are CARIMA (1/1.5D) and FESWMS (2D).  
• Impact assessment procedures. This is where the results are used to evaluate the impact of the 

flood on the surrounding area.  
 
Users have the capability to replace some models with their own, including data sets. 
 
7.2.3 Data 
Data of various nature (topographic, hydrologic and socio-economic) and different acquisition 
techniques (ground survey, airborne and satellite remote sensing) are fused and integrated in specific 
data bases to be used in the different modules: set up and calibration of the hydraulic models and 
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evaluation of the elements at risk.  
 
7.2.4 Visualisation 
Extensive visualization capabilities have been implemented and end users can visualize the results in 
terms of graphs or maps on the web or download them on their PC using specially designed software. 
 
7.2.5 Application 
The system was tested in three pilot sites: the Loire river in France, the Vah river in Slovakia and the 
Yangtze river in China (Pratacos et al, 2006). 
 
7.2.6 Target End Users 
The ANFAS target user group is technical staff, managers, stakeholders and decision makers who 
have background in floodplain management and could interactively use the system and interpret its 
output. It is not intended for highly skilled hydraulic experts or modellers. 
 
7.2.7 Measures & Decision Support 
Decision makers must determine what are the most appropriate structural or non-structural measures 
to take in order to prevent floods and mitigate their impact. ANFAS includes facilities that permit 
users to define scenarios that consist of modifications in the hydraulics structures and perform �what-
if� simulations. 
 

 
Figure 15 ANFAS Architecture. 

7.3 MIKE 11 DSS 
7.3.1 Description 
The MIKE 11 DSS was developed by the Danish Hydraulic Institute (DHI) in Denmark. It is used at a 
planning level in assessing proposed flood mitigation options and preparing environmental impact 
assessments. It provides a strategic integrated Flood Plain Management approach, and it incorporates 
the 1D hydraulic modelling software MIKE 11 for flood analysis and flood plain management. The 
DSS considers the full impacts of flood extents, flood depths and flood damage of present or future 
options, i.e. "What if" scenarios can be modelled. The MIKE 11 hydraulic mode is linked to ArcGIS 
within a DSS framework. This enables presentation of flood inundation maps, flood impact maps and 
related statistics. Figure x provides an overview of the various utilities. 
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7.3.2 Target Users 
The use of the MIKE 11 DSS is aimed at hydraulic modellers. The modeller presents the results to 
decision makers at all stages of the integrated process. 
 
7.3.3 Visualisation 
The map illustrates the results from model simulations in a visual format, facilitating interpretation 
and analysis of potential impacts. Several flood maps can be merged into a video, which animates to 
an example the development of flood inundation during a flood event. 
 
7.3.4 Use of Output 
The outputs are used for Environmental Impact Assessments, Flood Risk Analyses, Flood Damage 
and Disaster Assessments. 
 
7.3.5 Data 
The floodplain topography is essential. The MIKE 11 - GIS interface also allows for extraction of 
flood plain topography from the Digital Elevation Model (DEM). 
 

 
Figure 16 MIKE 11 DSS Flow Chart. 

7.4 EFAS 
The European Flood Alert System (EFAS) is a European Commission product, currently under 
development, which builds upon the European Flood Forecasting System (EFFS) and is intended to 
complement national flood forecasting systems. It is an activity of the Joint Research Centre of the 
European Commission together with meteorological services and Water Authorities of the Member 
States and Candidate Countries. The aim is to develop a prototype EFAS that will be tested and 
validated during the EC 6th Framework Programme. It will provide: 
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• an overview of forecasted river discharges across Europe 
• early flood alerts to national forecasting centres between 3-8 days in advance 
• translation of meteo forecast uncertainty into flood risk uncertainty 
• a comparison of flood risk using different meteorological forecasts 
 
EFAS incorporates the LISFLOOD modelling software, which is a spatially distributed water balance 
model that will form the backbone for detailed modelling practices in different regions in Europe or 
for individual basins. It has been adapted to run for the whole of Europe with a horizontal resolution 
between and 1 and 5 km. 
 
A prototype of EFAS for the Elbe and Danube catchments is expected to be ready and tested by 2006. 
 

 
Figure 17 An example of the proposed EFAS model interfaces. 

 
For further information on EFAS, see http://efas.jrc.it/index.html. 

8. Elbe-DSS 

8.1 Brief Description 
The Elbe-DSS was developed within the research network �Elbe ecology�, founded by the BMBF 
(German Federal Ministry of Education and Research) project �Project group Elbe ecology�, which 
started in 1996. The research is coordinated by the German �Bundesanstalt für Gewässerkunde�, 
working together with different partners for the DSS development (University of Osnabrück, Research 
Institute for Knowledge Systems, University of Twente, Infram International BV, Intevation GmbH) 
and multiple other partners who provided data and support/knowledge (Kofalk et al 2004, 2005). 
 
The general aim is to build a DSS for the areas of river basin management and flood risk management 
to show the potential users what is possible. The part of flood risk management became of special 
interest after the flooding events of August 2002 and plays now an important role within the DSS. At 
the moment, due to a lack of data amongst others, just a prototype version called �Pilot DSS Elbe� 
exists. 
 
The DSS is divided into four main modules, working on different scales and focusing on different 
fields. The processes in each module are described by system diagrams, showing variables and 
interactions. Simulations can be carried out by the use of integrated models or pre-processed scenarios, 
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depending on the data available and the computation effort. 
 

 
Figure 18 System diagram as main control panel. 

8.2 Contents 
8.2.1 Criterion �Flood risk system� 
The Elbe-DSS incorporates the framework of the flood risk system consisting of sources, pathways, 
receptors, and consequences. Due to the fact that the Elbe-DSS has a multi-scale approach with 
numerous relations, the FRS is implemented in different ways, dependend on the accordant scale. The 
sources are daily discharges and derived water tables based on return periods as well as artificial 
events with higher temporal resolution. The pathways are determined by geodata of the river 
centreline, accompanying dikes and river cross-sections as well as digital height data and land-use in 
the floodplain. Receptors are represented by the land-use and ecological habitats in the dike-foreland 
and the hinterland. Consequences are expressed by changes in habitat areas and potential damage 
calculated with depth-damage-functions. 
 
8.2.2 Criterion �Measures and Instruments� 
In the Elbe-DSS the following flood risk management measures are available in the modules �main 
river� and �river section�: 
 
• changes in the heights of the dikes 
• land-use changes in the dike-foreland 
• land-use changes in the hinterland 
• dike relocations 
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Figure 19 Possible areas for dike relocations along the Elbe. 

Changes in the heights of the dikes have different effects on pathways and receptors: As part of the 
pathways they influence the return periods of overtopping for given events and the amount of dike 
sections prone to overtopping as well as the flood levels behind the dikes. Taking the receptors into 
account, the latter are coupled with depth-damage functions and hence determine in a last step the 
potential damage. 
 
Land-use changes in the dike-foreland have influence on the hydraulic roughness in this area and 
change the depth-discharge-functions. The user can choose between three pre-calculated land-use 
cases with different proportions of meadow, forest and farmland. 
 
8.2.3 Criterion �Scenarios for external change� 
As external scenarios influencing flood risk climate changes are integrated. Sources are the A1-CO2-
Scenario (2001�2055) of the IPCC and its implementation in a global climate model of the Max-
Planck-Institute for Meteorology in Hamburg. Based on the results a spatial downscaling to the 
German part of the Elbe catchment with the regional climate model STAR was carried out by the 
Potsdam Institute for Climate Impact Research. Scenarios dealing with changes in farming-practices 
and demography do not influence the flood risk within the Elbe-DSS but influence the water quality. 
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Figure 20 Water level and discharge under current conditions. 

The user can choose between three different scenarios: 
 
a. most probable scenario 
b. scenario without precipitation trend 
c. scenario with increased precipitation. 
 
The results of the scenarios are used as input to the catchment-scale model HBV which produces in a 
next step time series of discharges and derived statistical discharge characteristics (means and 
extremes) for selected points along the Elbe river. 
 
8.2.4 Criterion �Spatial and temporal scales� 
The DSS is divided into four main modules, working on different scales and focusing on different 
fields. Module �Catchment� (Modul Einzugsgebiet) deals with the processes influencing quality and 
quantity of runoff in the whole catchment (97 000 km²), module �River network� (Modul 
Fließgewässernetz) focuses on matter transport and chemical processes in river segments within the 
whole catchment, and module �Main channel� has three aspects: ecology of the floodplain, flood risk, 
and navigation properties (stream kilometres 0-585,9). The last module �River section� (Modul 
Flussabschnitt) works on ecological relations between river and floodplain and flood risk on a very 
detailed level (stream kilometres 412�422) (Berlekamp et al. 2005, 13). The latter includes parts of the 
above mentioned INFORM 2.0. 
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Table 63 Review against criterion �Spatial and temporal scales� for Elbe-DSS. 

DSS Planning 
time 
horizon 

Scenario 
time 
horizon 

General 
time 
steps 

Model 
time 
steps 

Spatial scale Spatial 
data 
format 

Elbe-DSS y y var var 10 m�1000 km, 
catchment�river segment 

r, v 

Abbrev: y: years, d: days, min: minutes, var: variable, r: raster, v: vector 
 

8.3 Assessment 
8.3.1 Criterion �Kind of assessment� 
In the Elbe-DSS no multi-criteria assessment methods are implemented. The system defines several 
criteria which can be used to evaluate to what degree the development objective flood proofness is 
achieved. The indicators are as follows: recurrence interval of a flood level which causes overtopping 
under the geiven circumstances (i.e. the state of the system), and potential damage in � of the area 
flooded. Additionally profiles along the river with maximum discharges, maximum water levels and 
changes in water level caused by measures compared to the present state are available. 
 

 
Figure 21 Cost-benefit analyses to assess the effects different measures. 
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For the hinterland spatial data is aggregated into summarizing parameters: 
 
• total area flooded (km²) 
• percentage of area flooded based on total area modelled (%) 
• total potential damage (�) 
• percentage potential damage based on total property (%) 
• mean maximum water depth (m above ground) 

8.4 Methodology 
8.4.1 Criterion �Input data� 
The input data of the Elbe-DSS is used to parameterise sources, pathways, and receptors. Sources are 
described by statistical time series of discharges and water levels as well as by artificial events for 
which the user can choose the recurrence interval. Pathways are determined by digital elevation data, 
orthogonal river profiles, informations about dike locations and heights as well as hydraulic 
roughnesses based on CORINE land-use units. Receptors are also defined by the CORINE land-use 
units coupled to specific monetary values for each class. Consequences are then calculated by 
combining depth-damage functions for the land-use classes with the computed water levels. 

Table 64 Input data items for the Elbe-DSS main channel module. 

Elbe-DSS main channel 

Dataset Source Temporal 
resolution 

Spatial 
resolution 

Availability Sensitivity 

land-use CORINE (EEA)  100 m 1  

runoff data    1  

orthogonal 
river profiles 

literature/WSV/BA
W 

  1  

DEM USGS/BKG  20/100 m 1  

course of the 
dikes 

federal states/IKSE  100 m 2  

height of dike 
tops 

federal states/IKSE  100 m 2  

hydraulic 
roughness 

literature     

Table 65 Input data items for the Elbe-DSS river section module. 

Elbe-DSS river section 
Dataset Source Temporal 

resolution 
Spatial 
resolution 

Availability Sensitivity 

land-use CORINE (EEA)  100/20/5/1 m 1  
orthogonal 
river profiles 

literature/WSV/BA
W 

  1  

course of the 
dikes 

federal states/IKSE  100 m 2  
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height of dikes federal states/IKSE  100 m 2  
additional data for the model CANODAT (not specified) 

 
The input data can not be altered by the user. Options to choose between different data exist only for 
pre-defined cases. Basis for most of the data used within the DSS are previous research activities 
dealing with the Elbe river. 
 
8.4.2 Criterion �Methods� 
The Elbe-DSS applies a broad range of models ranging from classical rainfall-runoff models on the 
catchment scale to 2D hydraulic models, accompanied by water quality, sediment transport and habitat 
suitability models (see Table 68). Not all of them are directly connected to the field of flood risk 
management, as the Elbe-DSS uses an integrated approach. 
 

 
Figure 22 Summarized results for the development objective flood proofness. 

8.4.3 Criterion �Uncertainty� 
At the present state, the Elbe-DSS does not account for uncertainties in data and calculations. 

8.5 Presentation 
8.5.1 Criterion �Target end-users� 
The Elbe-DSS aims on a broad group of users with a focus on official authorities in different 
administrative levels. In detail these are organisations responsible for flood risk management, 
navigation, river basin management and nature protection. 

Table 66 Review against criterion �Target end-users� for Elbe-DSS. 

DSS End-user Knowledge level 
Elbe-DSS decision makers in counties, federal 

state authorities, federal authorities 
basic 

 
8.5.2 Criterion �Visualisation� 
The underlying connections between different parts of the basin and river system are visualised by the 
use of interactive system diagramms which act as main control instruments. Spatial data can be 
explored by the use of a raster-based map viewer and editor with basic GIS-functionality. Data to be 
compared is plotted in instructive diagramms. Only few data are displayed in tables without 
visualisation. 
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Table 67 Review against criterion �Visualisation� for Elbe-DSS. 

DSS Static visualisation Dynamic visualisation 
Elbe-DSS t, d, m � 
Abbrev: t: tables, d: diagrams/graphs, m: maps, 3D-VR: 3D-virtual realities 

 

 
Figure 23 Spatial distribution of potential damages. 

8.6 Technological Realisation 
8.6.1 Criterion �Software architecture� 
The Elbe-DSS is built based on the commercial DSS-generator GEONAMICA, a development 
environment by the Research Institute for Knowledge Systems (RIKS) in Maastricht. The software 
architecture follows the principles of modularity, allowing the software to be maintained easily and 
implementing changes proposed by the users with few effort. The DSS itself is a closed software 
product which is freely distributed. 
 
Interfaces to external applications do not exist in a way accesible by the user, only basic export 
functionalities exist. Within the GEONAMICA numerous interfaces for coupling models are available, 
but can only be accessed by the developers. The models are mainly integrated by wrapper techniques, 
leaving the original code untouched. 
 
As the system is a closed runtime version, the underlying code is available to the users. 
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Table 68 Review against criterion �Software architecture� for Elbe-DSS. 

DSS Modular 
archi-
tecture 

Interfaces Model coupling Development 
environment 

Code 
accessible 

Programmi
ng 
language 

Elbe-DSS y XML, 
dBASE 

HBV-D, GREAT-
ER, MONERIS, 
ELBA, HEC-6, 
MOVER 2.1, SO-
BEK1D2D, 
CANODAT: t 

GEO-
NAMICA 

� � 

Abbrev: y: yes, n: no, l: loose, t: tight 
 

8.7 Others 
8.7.1 Criterion �Application� 
The present version of the Elbe-DSS is a pilot distributed since November 2005 on CD and via 
internet-download. So far no informations about the application of the system by the targeted users is 
available. 
 
8.7.2 Criterion �Weaknesses and strengths� 
The key strengths of the Elbe-DSS are that: 
 
• it is a closed software product which requires only basic computer know-how 
• it does not require commercial software to be purchased by the user 
• all data needed are integrated 
• external scenarios are pre-defined and consistent 
• it applies the source-pathway-receptor-consequence model 
• it uses an holistic approach where flood risk management is part of integrated river basin 

management 
• it has a comprehensive help database, describing use of the systems as well as giving background 

information on data and models 
• simulations can be carried out during runtime 
• different measures can be combined 
 
The weaknesses of the Elbe-DSS are that: 
 
• changes in the software can only be carried out by the development team 
• cases and measures are predefined and not open to rapid changes 
• it is strongly model dependent 
• it is limited to the specific case of the Elbe river 
• contributions of a specific measure to the final result are not shown 
• it does not account for uncertainty 
• it is difficult to overlook in a short period of time due to its huge amount of functionalities and 

topics 
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9. The Planning Kit DSS: for increasing discharge capacity in the 
Rhine, without raising dikes 

9.1 Objective criteria 
Introduction 
The Planning Kit was commissioned by he Dutch Ministry of Public Works to support the �Room for 
the Rhine Branches� project; it was completed in 2004. It provides both policy makers and river 
managers in the Netherlands with a tool to evaluate a large number of alternative river design 
measures, taking into account the effects on flood stages, nature, ecology and costs. The Planning Kit 
serves to support decision-making on river designs for the Dutch Rhine Branches, and to communicate 
with stakeholders. The DSS does not provide insight into the origin of flood waves, nor in flood 
impacts. The simplified web-based version of the Planning Kit, called the �Water Manager� (see 
www.ruimtevoorderivier.nl) allows the general public to play with river design measures, to 
understand the issues involved in selection of strategies and to test different alternatives. Both the 
Planning Kit and the Water Manager were developed by WL | Delft Hydraulics. 

 
Figure 24 Overview of the Rhine River Branches and the Meuse River in the Netherlands (courtesy 

Silva 2001). 

The target problem 
In the Netherlands, the river design of large rivers is legally required to be able to accommodate a 
specified design discharge. The design discharge of the Rhine has a probability of 1/1250 per year, and 
is determined from a river discharge record that is now just over 100 years long. The problem the 
Netherlands are facing now is that, as a result of high peak discharges in 1993 and 1995, the design 
discharge increased from 15000 m3/s to 16000 m3/s at Lobith (near the Dutch-German border). The 
current Rhine river system has insufficient capacity for this flow. Dike strengthening is required, 
unless measures are taken to lower the water level associated with the design discharge. Because the 
Dutch government aims to limit dike strengthening and focuses instead on creating �room for the 
rivers� (which is considered more sustainable), measures that lower water levels need to be evaluated. 
To further complicate matters, the design discharge may increase even further due to climate change, 
to about 18,000 m3/s in 2100. The sea level also continues to rise, increasing backwater effects in the 
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estuaries and rivers. According to the �no-regret� principle, measures taken in the near future should 
still be sensible when design discharge increases even further. Therefore, measures must be evaluated 
both for the short-term 16,000 m3/s target and for the possible longer-term 18,000 m3/s target. 
 
Aim of the DSS 
The stated aim of the Planning Kit is, to give all stakeholders/users the possibility to easily define a 
combination of measures to safely transport 16,000 or 18,000 m3/s from Lobith to the sea without 
raising the dikes, considering all the criteria that the user considers important. These measures are 
planned to be taken before 2015 (thus in the next 10 to 15 years), however, their use for the next 100 
years is explored by using the design discharge expected by 2100. The DSS allows for the definition 
of strategies. It provides a tool to select and combine different measures and it provides an overview of 
the effects of individual measures as well as of the strategies. The DSS does allow the selection of one 
long-term scenario for the increase of the design discharge. No scenarios for other types of 
developments can be applied. 
 

 
Figure 25 Overview of possible measures in the �Room for the River� project, supported by the 

Planning Kit (courtesy Silva 2001). 

The data in the DSS were obtained from many previous studies in which possible measures were 
identified and analysed in dialogue with local authorities and stakeholders. By studying the different 
Rhine Branches and designing measures for each particular site, a total number of approximately 700 
measures was defined. The measures considered include the removal of hydraulic obstacles, lowering 
of groynes, lowering of floodplains, setting back of dikes, etc. For each of these measures, the effect 
on flood levels was determined by means of a two-dimensional computational model (SOBEK), and 
the results of these computations were stored in a database. Because of the large number of options on 
the one hand and the large number of stakeholders and actors on the other, the selection process is 
extremely complicated. In the selection of measures, not only the safety objective should be met, but 
also objectives regarding cost efficiency, ecological infrastructure, landscape and cultural heritage. 
Therefore, an extensive number of effects (±100) has been determined and stored in the database for 
each measure, varying from costs and excavation quantities to the impact on nature and bird life. 

9.2 Technical criteria 
The functioning of the Planning Kit DSS 
Stepwise, the Planning Kit is used as follows: 
 
1. The user must choose how to divide the extra discharge of 1,000 m3/s or 3,000 m3/s 

(accommodating a design discharge of 16,000 or 18,000 m3/s compared to the former design 
discharge of 15000 m3/s) at the Dutch-German border over the different Rhine branches Waal, 
Nederrijn en IJssel. Dependent on this choice the Planning Kit shows the rise of the water levels 
(hydraulic design objective). 

2. After that, the user can start to play with the available measures to reduce the water levels on all 
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the Rhine branches. The user is directly confronted with the possibilities or impossibilities of his 
choice. Besides the effect on the water levels, the Planning Kit shows the user visualisations of all 
measures (photo�s, definition sketches, aerial photos) (see Figure 26) and provides an overview of 
all the other effects that are determined. 

3. After the user has put together a combination of measures that meets the set hydraulic design 
objectives, the Planning Kit gives an overview of the costs and a summary of the effects. 
Furthermore, it provides the user with the possibility to compare different combinations of 
measures. 

 
The SPR modules 
The Planning Kit does not have a source module, nor a receptor module. The flood waves are 
considered as external input which cannot be influenced. The Planning Kit does not consider 
consequences of flooding, therefore it does not include a receptor module. 
 
The Planning Kit focuses on the pathways which convert flood waves into flooding. The Planning Kit 
shows at what locations river water levels exceed the current design water levels, and thus where 
flooding by dike overtopping is most likely. It includes river-design measures which influence 
pathways. The module is user-friendly. High-risk locations are shown in a graph with a longitudinal 
profile along the river and in a GIS-based map. 
 

 
 

Figure 26 Visualization of the measure �The Weir of Pannerden and embankments along the 
Lobberdensche Waard�. 

Management response module 
The Planning Kit does include a clear and very detailed module for management response: measure 
selection and combination of measures is what it was designed for. The developers of the Planning Kit 
are the only ones who can add information to the Planning Kit; users cannot add additional 
information or measures, they can only combine information that is already present. The information 
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in the DSS was obtained by extensive model calculations, cost assessments and GIS analyses. 
 
Measure locations are also shown in the graph and on the map. Furthermore, a picture, an aerial 
photograph and an image of each measure are included. These pictures give an overview of the area, 
the current situation and the expected result of the measure. Examples are shown in Figure 26. By 
using help functions and further information functions additional information can easily be obtained. 
 
Decision support module 
To support decision making, detailed information on each measure is available and is easily provided. 
This included pictures, maps, water level effects, costs, effects on land use, nature, etc. The combined 
effect of numerous measures is also clearly shown in score tables. The Planning Kit allows the 
comparison of different alternatives across a wide range of effects, such as removed agricultural area, 
additional area of nature, cubic meters of soil that needs to be removed, costs, etc. The effects are not 
combined or weighted. The uncertainty in the resulting figures is not indicated. 
 

 
Figure 27 The list with measures, the longitudinal profile in which different types of measures are 

indicated by different symbols and both the water levels when �doing nothing� and the 
water levels resulting from the selected combination of measures are visible. The selected 
increase in discharge (according to the selected discharge distribution over the different 
Rhine branches) is indicated at the right. 

9.3 Application criteria 
The Planning Kit has been developed in cooperation with the users and stakeholders over a period of 
three years, and has been the main tool in the decision-making process of the �Room for the Rhine 
Branches� project. During this period the Planning Kit has grown to become the communal knowledge 
base for all parties involved in the process around the Rhine Branches. All parties, policy makers 
(State Secretary for Water Management, Members of Parliament), river managers, technical engineers, 
inhabitants and local authorities have been using this tool to get insight in the problems in the river 
basin and to find solutions. The widespread acceptance of the tool is based on the fact that all involved 
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parties could introduce their own knowledge of the River System to the tool. A strong point of this 
DSS is its user friendliness and the absence of complex hydraulic models which require specialist 
knowledge - everyone can use this DSS. Because of its simple use, the tool was able to support and 
facilitate the learning process for people without a technical background and it enlarged the knowledge 
of the river basin. Another strong point of the DSS is the clear and narrow scope on actual measures 
that can help achieve a clear goal (achieving 16000m3/s discharge capacity in a limited stretch of the 
Rhine), which allows users to focus on the aspects that are really relevant in decision making: actual 
measures. 
 
To be able to use the Planning Kit more effectively in the process of giving information to the 
inhabitants involved, a simplified version has been developed, named the Water Manager. The Water 
Manager uses the same database with hydraulic effects and costs but does not present all the details. 
The Water Manager is free to use for everyone. It is available on the Internet: 
(www.ruimtevoorderivier.nl; in Dutch). 
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10. The DSS Large Rivers: for planning of retention areas along the 
German Niederrhein 

10.1 Objective criteria 
The DSS Large Rivers is a decision support system for water managers and spatial planners, which 
supports the design of lowland rivers. The DSS was developed by WL | Delft Hydraulics within the 
IRMA-SPONGE Programme, and finalized by 2002. The project aimed to produce a generic DSS to 
support the �planning and assessment of river landscapes�, while applying the tool to a specific type of 
measure at specific locations: possible retention areas in Northrhine Westphalia, not far upstream of 
the Dutch border. 
 
The DSS allows the definition of new landscape planning measures in lowland rivers, and hydrologic, 
ecologic and economic assessment of these measures. It also enables users to define and analyse 
strategies. Measures are defined in a GIS (ArcView) and translated automatically to changes in the 
model schematisations within the DSS. The measure definition method is consistent and clearly 
documented. The DSS contains an easy-to-use Case Management module. The DSS serves therefore 
as a tool to increase transparency, reproducibility, and it improves communication because it provides 
all users with the same information based on the same assumptions. The DSS is not limited to 
measures with a specific time horizon. It has no facilities to develop long-term scenarios. 

10.2 Technical criteria 
Functioning of the DSS 
The model is based on the following 4-step approach in decision-making on river design measures: 
 
1. Explorative measures at the scale of river stretches can be defined and studied. This gives insight 

into the nature of the problem at stake and potential measures available to deal with them. 
2. These measures can be combined to alternatives and their effects can be assessed; 
3. The results of these explorative studies can be transferred into landscaping plans and studied on 

the scale of individual floodplains. 
4. Detailed designs of the floodplains can be evaluated. 
 
To support this approach the DSS-Large Rivers provides: 
 
• Access to information valuable in the process of identification and development of landscape 

plans. 
• Tools to sketch plans and measures which can then be evaluated fast with the 1D model. 
• Interactive design facilities to develop detailed plans on the scale of individual floodplains. 
• 2D models to assess the effects of these detailed plans. 
 
Translation of engineering measures into model schematisations 
One of the most important strong points of this DSS is the standardized method to translate measures 
into changes in the different model schematisations. 
 
When describing a lowland river from a management-technical perspective, the following main 
elements can be identified: a navigation channel (low flow channel), groynes, embankments, 
floodplains and dikes (see Figure 28). In the different model types these elements need to be 
represented differently. Figure 29 illustrates how river elements are translated into a cross section 
profile for a 1-D hydraulic model, assuming a symmetric profile (hence only half of the profile is 
depicted). Figure 28 typically reflects the �language� of the river manager, while Figure 29 typically 
reflects the �language� of the mathematical model. To enable interaction in the �normal� language of a 
river manager, the DSS-Large Rivers is build upon a concept to translate various kinds of measures, 
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with which a river manager is familiar, into modifications of model input as required for the hydraulic 
simulation model. The DSS thus ensures that spatial planners and river managers do not need to worry 
about the way these measures need to be schematised in the different models. 
 

 
Figure 28 Schematic representation of a lowland river. 

The SPR modules 
The DSS Large Rivers does not contain a source module, nor a receptor module. It focuses on the 
pathway module. The DSS combines a relational database, a GIS, a 1D and a 2D hydrodynamic 
model, a 1D and a 2D ecologic model, case management tools and tools for the generation of reports 
(see Figure 30). All these modules focus on river design. The clear indication of the different steps in 
the design process and the presentation in maps and graphs enlarges the user friendliness. The model 
requires the availability of schematisations for the different models included in the DSS. For the Dutch 
large rivers, such schematisations are available. For other rivers, developing such schematisations 
requires considerable effort and much time. 
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Figure 29 Schematic representation of a river profile in a 1D-hydraulic model (Wmain= width main 

channel, Wsub1= width embankment, Wsub2=width flood plain, Wflow= width flow section, 
difference between Wflow and Wtotal= width storage section). 

 
 

 
Figure 30 The set-up of the DSS Large Rivers. 
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Figure 31 Work flow within the DSS Large Rivers. 

 
Figure 32 Interface of the DSS Large Rivers: calculating water-level effect of a measure. 



FLOODsite Project Report  
Contract No:GOCE-CT-2004-505420 

T18_06_01_DSS_Review_D18_1_V2_2_P01.doc  08 05 2007 
103 

The management response module 
The DSS Large Rivers supports the assessment of measures influencing the low flow channel 
(riverbed), measures influencing the floodplain and measures outside the river channel. At present, 
river managers actually consider three different measures outside the riverbed, namely floodways 
(which are sometimes called �green rivers�), detention areas and dike-relocations.  
Figure 32 and Figure 33 shows an example of a screen of the DSS. On the background the GIS is 
visible. 
 

 
Figure 33 Interface of the DSS Large Rivers: Case Management. 

The decision support module 
The DSS Large Rivers calculates the effects of the measures on water levels and discharges, costs, 
culture historical values, ecotype distribution, distribution of species (flora and fauna) and 
sedimentation in the navigation channel. Uncertainties in the results are not assessed. By assessing the 
wide range of effects mentioned, the DSS integrates knowledge of different disciplines and stimulates 
cooperation between spatial planners, river engineers and ecologists and it structures the evaluation 
process. Figure 34 shows the presentation of effects of different cases. 
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Figure 34 Interface of the DSS Large Rivers: evaluating all effects of a measure. 

10.3 Application criteria 
The DSS was developed in cooperation with the users, who are in this case the river modellers and 
river managers. It was distributed to the RIZA department of the Ministry of Public Works. These 
were using the DSS during and just after the development project, but have stopped using it due to the 
complexity of upgrades and network issues. There is a helpdesk and a website on this DSS. 
 
As mentioned above, the strong point of this DSS is that it provides a standard consistent transparent 
method to define measures and to translate these to model schematisations and assess the effects of 
measures. It provides all users of this DSS with the same information and uses always the same 
assumptions. Its most important weak point is that it is not useful for any single person: it is not useful 
for decision makers, since it requires knowledge on hydraulic models. It is also not very useful for 
modellers, because they do not need the interface around their model. They are able to use their model 
without this extra interface. However, this weak point is at the same time considered a strong point of 
the DSS also: the DSS requires different experts to cooperate with the decision-maker: spatial planners 
need to sketch their measures, modellers need to assist them and help them to calculate the effects of 
their models and everyone, including decision makers can study the effects of the designs. The DSS 
thus serves as a platform for communication between different experts and decision-makers. Because 
everyone�s input is stored in one system in a consistent way, the interaction between the different 
persons is more structured and more transparent. The DSS is not easily transferable to other large 
rivers than the Rhine and Meuse, since it requires schematizations for several models (SOBEK, 
WAQUA and Ledess). 
 
More information on the findings on DSS development by the DSS Large Rivers team is found in 
Table 69. 
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Table 69 Conclusions and recommendations of the DSS Large Rivers Project. 

Regarding the development of DSS-LR, the conclusions can be divided into technical ones (on the 
development and on the use of the DSS) and ones related to the societal environment. We start 
however with a general conclusion: 
 
• Development of a DSS in the same project where sub-projects depend on the use of that 

same DSS (i.e. the project IRMA-SPONGE as a whole) is impractical. 
 
The following additional conclusions on the DSS can be drawn: 
 
• The intended Rapid Application Development, on which the DSS-LR was based, has not 

functioned well enough. Although in introductory workshops detailed information from the end-
users was collected and also implemented, it turns out that for a proper RAD approach there has 
to be more frequent feedback with the end users. Only in that way, the developers can adjust 
the software accordingly. On the other hand it is noticed that the implementation of the wishes of 
the end-users in the final version of the DSS is both recognised and (hence) appreciated. 

• The Technical Design was deliberately not elaborated in too much detail, to be able to react on 
recent developments. Looking back, the benefits of this flexibility do not weigh up to the 
discussions that had to be held over the exact functionality and implementation. The Technical 
Design has to be defined in a strict way, leaving as little room for discussion as possible. 

• The development time stretches out over several years. During those years, versions of software 
change, and even versions of operations systems change. The organisations for which the DSS 
was developed didn't always follow these updates, which hindered the progress considerably. 

 
With regard to the use of the DSS, the following conclusions can be drawn: 
 
• DSS-LR is a tool that may be very helpful in landscape planning and river restoration. It is, 

however, not the ultimate solution but will often be used in combination with common sense and, 
depending on the project, with other software tools.  

• In the Netherlands, landscape planning and river restoration is usually planned in three phases: 
exploration (on the scale of river stretches), design (on the scale of individual floodplains) and 
actual implementation. Due to the structure of the DSS (1 dimensional models versus 2 
dimensional models) and the exchange between the approaches DSS-LR is especially useful for 
the first two phases. 

• Due to the generic character of DSS LR, it is easy to adapt the system for several lowland rivers, 
provided that the data that is needed for the various modules is available. Collection of the 
necessary (international) data however, is something which is often underestimated due to varying 
formats and a different management of the data in various countries. 

 
With respect the societal (and political) points of view, the following conclusions can be drawn: 
 
• In developing software to accomplish a Decision Support System, the changing view of policy 

makers towards solutions to handle possible flooding problems and the corresponding attitude of 
the public work, brings along that a DSS can never be up-to-date. Solutions that once were 
rejected as unfeasible may get a different status only a few years later. 

• Furthermore, a long development period has also the risk that the functionality of the DSS is 
overtaken by recent decisions made by policy-makers. As an example, the cost-module may be 
mentioned. In the first interviews it was denoted that a cost module may come in handy to get a 
first insight in the costs of individual measures, projects and cases. In a later stage, this idea was 
already extended in the sense that also insight in the uncertainty of those estimates would be 
convenient. Hence, a Monte-Carlo analysis was wanted. In the recent project 'Integral Exploration 
of the river Meuse', it is even the wish to perform a multi-criteria analysis. 

• It is almost impossible to develop a DSS that satisfies the requirements of policy-making and 
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of policy preparation at the same time. The latter use requires technical knowledge and to a 
lesser extend an extensive user-interface, and the former requires the opposite. The DSS-LR is 
not intended to be used by policy-makers, but in policy preparation. 

 
On the development of the DSS, the following recommendations can be made: 
 
• A DSS should be developed in components where each part comes along with a detailed 

functional and technical description. This makes it possible to adapt to the rapidly changing 
environment, both of technical and societal nature. 

• Communication between the developers of the various components of the DSS should be 
smoothened by using the same terms for the same items. This is also vital for the actual use of the 
DSS in projects. 

• The data generated by the DSS is often not accessible for the general audience. Additional tools 
which contain parts of the data (results of calculations, maps, meta-information) of the DSS (a sort 
of rapid accessible toolbox) turns out to be very helpful to get quick impressions of certain 
combinations of measures. 
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11. The IVB-DOS: for determining effects of measures in the coastal 
stretches of the Rhine and Meuse 

11.1 The objective criteria 
IVB-DOS is a Dutch abbreviation for �Integrated Exploration of the Lower Rivers � Discussion 
Supporting System�. The DSS is thus not meant to be a �decision supporting tool� but a �discussion 
supporting tool� which is an important difference. The DSS was developed in the context of a large 
research project which aimed at the exploration of effects of water level reducing measures on the 
river stretches near the coast. The exploration should take into account legal safety standards (design 
discharges and water levels) and should result in a strategy that involves as little dike strengthening as 
possible and that harms nature as little as possible. The proposed measures should be implemented 
between 2000 and 2015. However the exploration should also consider the effects of the measures in 
the period between 2015 and 2050 in order to prevent future regret (Van der Linden, 2001). 
 
IVB-DOS consists of a combination of a GIS, a database and several models. The Ministry of Public 
Works (through it RIZA department) assigned WL | Delft Hydraulics to develop this DSS, which was 
completed in 2001. It should be used by expert groups and committees within the IVB project such as 
the work group �spatial planning�. The IVB-DOS consists of tools to define structural river design 
measures, to visualise hydraulic, morphologic and ecological and economic effects of measures and 
strategies and to show the consequences of the measures on current and future spatial planning issues. 
Scenarios are built from projections of river discharges, sea level rise, operation rules for flood 
defence structures, a schematisation of the initial morphological description of the rivers and estuary. 

11.2 Technical criteria 
Functioning of the DSS 
The IVB-DOS consists of four subsystems:  
 
1. A presentation system to explore and analyse data. 
2. A definition system to define and combine measures. 
3. A calculation system (see picture below). 
4. A data management system in which all data is stored. 
 
First, measures and scenarios are defined in the DSS. Next, measures and scenarios are applied to 
cases. Thirdly, the effects of these cases on water levels, discharges and biotopes are calculated. 
Fourthly, these effects are translated to changes in the area available for agriculture, housing, heritage, 
nature etc. Finally, costs are assigned to these changes. The uncertainties in the resulting figures are 
not assessed. The effects are presented in tables and on maps. The results can easily be exported to 
enable further analysis with other software packages such as Excel. 
 
Since this DSS includes hydrodynamic and ecological models, it requires a lot of input data and model 
schematisations. It is therefore very difficult to use it for other areas. 
 
The SPR modules 
The DSS does not contain a source module, nor a receptor module. The source sea level rise and river 
discharge are included in scenarios only. 
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Figure 35 IVB-DSS Case Management interface. 

Management response module and decision support module 
The DSS contains a clear management response module and decision support module. The 
management support module allows the definition and combination of measures. The decision support 
module presents the assessed effects. The DSS is GIS-based, thus all information is selectable from 
maps. 
 

11.3 Application criteria 
The use of the first version of the DSS was evaluated. Van der Linden (2001) concludes that the DSS 
is not used as intended, for several reasons: 
 
1. Because the results of both the hydrodynamic model as the ecological model were considered 

unreliable. The SOBEK model schematization was not calibrated well, which should have been 
done in another project. The results of the ecological module were not reliable because the DEM 
that was used in the module had too little accuracy and because the calculation rules in the ecotype 
generator was not validated well enough yet. 

2. Furthermore, the expectations on the possibilities and functions of the DSS were very high. 
Eventually, working with an instrument that has too many functions and possibilities proved to be 
very difficult, because it makes the system inflexible. In order to manage the complex data flows 
in the DSS, the rules for definition of measures and analysis of effects needed to be very strict. 
The users indicated that at present, they prefer to work with the individual models and not with the 
DSS combining the models. 

3. Finally, the users mentioned that they prefer the possibility to consult experts on effect of 
measures. In the DSS most effects are assessed by certain knowledge tables based on calculation 
rules. Since not all expert knowledge can be translated into knowledge tables, experts are still 
needed for the final judgement. 
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The strong positive point of the DSS was that because of its strict rules, all measures were clearly 
defined and all analysis methods were clearly documented, transparent and reproducible. 
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12. The Roleplay STORM Rhine: multi-player river management simula-
tion tool 

12.1 Objective criteria 
STORM is an abbreviation for �Simulation Tools for River and Floodplain Management�. STORM-
Rhine was developed (mainly by IHE-UNESCO, partly within the IRMA-SPONGE Programme) to 
simulate river and floodplain management issues in the Rhine system, covering the Netherlands and 
much of the main channel in Germany. The version reviewed here was completed in 2002 but further 
development may be ongoing. The main goal of the tool is to help create awareness of relevant issues 
amongst stakeholders in the policy debate: river engineers and decision makers. It supports discussion 
through a simulation game in which stakeholders represent other stakeholders with different interests. 
In order to reach their aims the players must negotiate, cooperate and interact. The effects of decisions 
are simulated immediately by the instrument. Actors can discuss more openly and relaxed in this 
game, then they could when real day-to day situations are involved. The assumption is that this 
improves understanding and communication in real life. The game was designed for employees of 
governments, water boards and interest groups involved in river management. 

12.2 Technical criteria 
The DSS is build around a hydraulic module which calculates representative high- and low water 
levels for different hydrological scenarios and influenced by river engineering measures and physical 
planning in the floodplains. The resulting water levels are translated to effects on flood risks, 
navigation, nature development and land use opportunities.  The players represent the national, 
regional and municipal governments and organisations interested in flood protection, navigation, 
agriculture, urban expansion, gravel mining and nature. Measures included are river engineering 
measures, physical planning measures and regulatory instruments. The players can combine these 
measures, but they need to take into account budgetary constraints of the organisation that they 
represent in the game. 
 
SPR modules 
The tool only includes a pathway module, no source or receptor modules. 
 
Management response and decision support module 
The tool includes a management response and decision support modules. The effects on many 
variables are shown. Uncertainties in these effects are not quantified. 
 

12.3 Application criteria 
There is no record of the tool being applied with the target group of decision makers � probably 
because the tool was apparently not directly commissioned by a direct stakeholder in river 
management. The tool may still be used for training purposes.  
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Figure 36 Relations between STORM-Rhine system modules. 

 
Figure 37 Geographic coverage of STORM-Rhine. 

 
Figure 38 Example of STORM-Rhine interface. 


