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1st CRUE Funding Initiative on FRM research 
 
 
ERA-Net CRUE is a network of European government departments who directly fund flood risk management 
programmes and related research actions. In order to tackle the challenge of rising flood risk and to develop effective 
policies and risk management practices, policy-makers and key stakeholders need a strong evidence base. Evidence-
based policy-making is the key to modern, forward-looking strategies for dealing with increasing flood risk. Trans-
boundary and trans-national flood risk management issues are becoming more and more important, requiring in 
particular joint research and development initiatives. The creation and implementation of a European research area in 
flood risk management – as intended by the CRUE ERA-Net - is an important contribution to an improved trans-
national perspective for flood-related research in Europe. 
 
Besides co-ordinating research between Member States, CRUE aims to contribute towards the presentation of research 
needs with its own trans-nationally based funding initiatives. Common trans-national research calls initiated by the 
partner countries are a principal activity within the CRUE ERA-Net which can be considered as specific actions to 
respond to current policy and development needs in Europe. With the launch of the first CRUE common call, a first step 
toward the integration of flood research in Europe was made.  
 
The topic “Risk Assessment and Risk Management: Effectiveness and Efficiency of Non-structural Flood Risk 
Management Measures” was selected by six of the CRUE partner countries through an intensive consultation process 
and is to a great extent based on developments in European flood risk management policy (e.g. EU Floods Directive). In 
particular, the call was designed to investigate and critically assess the effectiveness and efficiency of non-structural 
measures in comparison to structural measures and to identify barriers to implementation of these "soft" techniques. The 
call was an incentive to develop innovative methodological approaches. Moreover, it challenged researchers across 
Europe to integrate knowledge across different disciplines such as natural and social sciences, and engineering.  
 
Each of the seven successful joint projects within CRUE’s 1st Funding Initiative for FRM research was designed to 
understand different national approaches to the use and appraisal of non-structural measures, explore what is successful, 
and what can be improved in terms of efficiency and effectiveness of such measures themselves. The research results 
presented in this report will provide policy-makers with a better understanding of how FRM as a part of integrated river 
basin management can deliver multiple benefits, for example reduced flood risk and improved environmental quality. 
 
I feel confident that the outcome of this research will be a valuable contribution to national policy development and the 
improvement of flood risk-related practice. 
 
 
 
John Goudie 
ERA-Net CRUE Co-ordinator, Defra, UK 
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Summary for Decision-Makers 
 

River floodplains play a central role in integrated flood risk management. They contribute significantly to the reduction 
of peak flows and to the prolongation of flood wave translation not only for a certain design discharge (like structural 
measures) but also for higher discharges. Furthermore they fulfil other important functions like serving as sediment 
puffers or improving local hydraulic conditions. It can be noted that non-technical solutions reach more natural and thus 
better developments. Both, preserving as well as restoring of river floodplains represent an environmentally compatible 
and cost effective flood protection. There also exists a background regarding the environmental laws (European Union 
Water Framework Directive, European Union Floods Directive); with the protection and the restoration of floodplains 
for flood risk reduction the states can fulfil parallel national and international targets for environmental and nature 
protection. The concept of PRO_Floodplain points out the fact, that flood and floodplain management can accompany 
and therefore highlights the relevant evaluation parameters. The interdisciplinary outcome of this paper is the 
Floodplain Evaluation Matrix FEM, integrating technical, ecological and sociological aspects. 

 
 
 

� What the report is about and why the work is important 

 
The report illustrates the aims, methods and results of PRO_FLOODPLAIN, integrating technical, ecological and 
sociological aspects concerning floodplains. Since over the last decades an enhanced loss of floodplains for being used 
as construction area for settlements, infrastructure etc. has to be observed and thus the vulnerability of the society for 
flooding is significantly higher and the ecological needs are not met anymore, flood risk reduction by preserving and 
restoring river floodplains gains increasing importance. If the last remaining inundation areas are not preserved and 
where possible restored, both flood risk management and ecology will reach limits and thus restrict future sustainable 
developments of society. 

 

� Aims / Objectives, including who may benefit from the research 

 
The main objectives of this project are to identify and evaluate the hydromorphological contribution of water retention 
in preserved and restored floodplain systems across various geomorphological settings (hydromorphology), the 
evaluation of the impacts of floodplain enlargement on large rivers as a non-structural measure of flood risk reduction 
in the flood risk management from an ecological view and the investigation of the social acceptance of such non-
structural measures (sociology). In the hydromorphological context modelling shows the influence of various 
parameters (e.g. slope, floodplain width, etc.) on the effect of river floodplain inundation. The ecological analysis 
discusses the ecological value of still intact and cut off floodplains. The sociological contribution focuses on the 
analysis of non-structural measures as a way of protecting against flood risk aiming to define the process of social 
acceptance of these non-structural measures. The overall aim is to develop an interdisciplinary method for evaluating 
floodplains for flood risk reduction and ecology, including society. 
 
In principal the whole society may benefit from the research, since floodplain are one of the backbones for a 
functioning flood risk management. By including ecology Nature is also benefiting through either preservation or 
restoration of floodplains. 
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� Results / Key findings in relation to report objectives 

 
The interdisciplinary outcome of this paper is the 
floodplain evaluation matrix (FEM), integrating 
technical, ecological and sociological aspects 
regarding floodplain management. FEM is a method 
of evaluating various floodplain areas with respect to 
hydromorphology, ecology and sociology, leading to 
a priority ranking within a river catchment or river 
reach. Thereby, representative parameters have been 
chosen. 
After the individual evaluations are done for the three 
sectoral disciplines hydromorphology, ecology and 
sociology, the results are assembled in the FEM-
matrix. A comparison of three different floodplains 
concerning peak reduction is exemplarily shown in 
Figure 0.1. The evaluation of individual FEM 
parameters leads to a total evaluation in each 
discipline and furthermore to a classification in the 
priority ranking (Figure 0.2).  

 Figure 0.1. Evaluation of peak reduction/peak increase. 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 0.2. Interdisciplinary Floodplain Evaluation Matrix (FEM). 

Hydromorphology 

flo
o

dp
la

in
 1

 

flo
o

dp
la

in
 2

 

flo
o

dp
la

in
 3

 

Ecology 

flo
o

dp
la

in
 1

 

flo
o

dp
la

in
 2

 

flo
o

dp
la

in
 3

 

Sociology 

flo
o

dp
la

in
 1

 

flo
o

dp
la

in
 2

 

flo
o

dp
la

in
 3

 

peak reduction 1 1 5 adapted land use 3 1 3 type of usage 3 1 1 

flood wave translation 1 3 5 dynamics of the water level 1 3 3 channel of communicatio 
 

5 3 5 

kilometer-related parameters 1 3 5 flow velocities 5 5 5 

 

higher risk 3 1 5 surface relief 5 3 3 

other processes 3 3 3 connectivity of water bodies 3 3 1 

Hydromorphology total 1 3 5 potential for development 5 3 3 

Hydraulics  
endangering of habitats 5 5 3 

 

water level 5 3 5 

flow velocity 5 3 5 

bottom shear stress 5 3 5 

specific discharge 3 1 3 

Hydraulics total 5 3 5 Ecology total 5 3 3 Sociology total 5 1 3 

 Hydromorphology / 
Hydraulics total 

Ecology total Sociology total 

floodplain 1 1 5 5 5 
floodplain 2 3 3 3 1 
floodplain 3 5 5 3 3 

∆ Qreach 

∆ Qfloodplain 

floodplain 1 

floodplain 3 

floodplain 2 



 
 
 
 

CRUE FUNDING INITIATIVE ON FLOOD RISK MANAGEMENT RESEARCH  
 PRO_FLOODPLAIN  

 

   VII  

The example shows that floodplain 1 has top priority concerning hydromorphology and ecology. So, preservation of 
this floodplain is of particular importance. However, floodplain 2 calls for restoration especially with respect to 
ecology. Floodplain 3 would be easy to implement because social acceptance is high, but the hydromorphological and 
ecological effectiveness is rather low. 
The FEM priority ranking indicates where non-structural measures are most powerful and where effort should be spent 
first. The FEM procedure does not state, that floodplains with low priority are not important (have no value) or can be 
used otherwise than for flood risk management. Such floodplains still have great values for higher risks (e.g. climate 
change) and hydraulic purposes (included in FEM+).  
 

� Implications for stakeholders (policy-makers, practitioners, others where relevant) 

 

Especially the sociological work package revealed the following implication for stakeholders: 
 

� The Floodplain Evaluation Matrix FEM is a suitable tool for policy makers and practitioners in regard to 
reducing flood risk by non structural measures within an integrated flood risk management 

� The policy maker must be aware of the unpredictability of the social context, thus FEM can significantly assist 
in this area 

� Therefore, it is important for the project manager but also for each actor involved in the consultation process to 
be open to the general principle of the controversy as an opportunity to create new relationships and to increase 
the argument’s stock and expertise. Even the opposition movement must be analysed as a positive fact to 
improve the whole project. FEM allows to analyse the societal situation and to react in the planning and 
implementation of floodplain preservation or restoration projects 

� FEM is also a good opportunity to implement an interdisciplinary approach for the possibly emerging 
problems.  

� In other terms, flood risk perception is not constrained: it is thus important to anticipate the possible elements 
affecting positively or negatively this perception.  

� The increase of climate change as cause of concern among the populations is one of these elements: it would 
be relevant to explain the project as a way to prepare local population for climate change. In the same way, 
further work could evaluate climate change’s perception/sensitiveness and to link it to the perception of flood. 
FEM+ includes the evaluation of floodplains with respect to a puffering capacity for increasing risks e.g. due 
to climate change. 

 

� Recommendations for decision-makers 

 

� The Floodplain Evaluation Matrix FEM is recommended as method being applied to river basins for preparing 
decisions as to preserve or restore river floodplains 

� The results of FEM can be used to legally binding restrictions of further use of floodplains when being 
essential for flood risk management 

� Where possible, an integral planning of floodplain preservation or restoration should be performed, including 
technical, ecological and sociological approaches. 

� Regard the sociological results of FEM for decision making when selecting specific floodplains for further 
actions 
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1 Introduction 
 
Over time, the increasing human use of floodplains for high value enterprises not only leads to an enhanced 
vulnerability in the affected reach but also to a strong pressure for active, technical flood protection.  
Within an integrated flood risk management non-structural measures gain increasing importance. Thereby, the 
existence of inundated floodplains plays a central role.  
Even today in many river systems cut off floodplains can be reactivated by restoration e.g. by dyke-displacement. 
Social acceptance of non-structural measures for flood risk reduction and the perceptions of flood risks and of flood 
risk management still have to be improved. 
 
The main objectives of the research presented in this report are to identify and evaluate the hydromorphological 
contribution of water retention in preserved and restored floodplain systems across various geomorphological 
settings (hydromorphology), the evaluation of the impacts of the floodplain enlargement on large rivers as a non-
structural measure of flood risk reduction in the flood risk management from the ecological view and the 
investigation of the social acceptance of such non-structural measures (sociology). The benefits and disadvantages of 
the floodplain enlargement are compared with each other and considered in comparison with technical measures. In 
the hydromorphological context one- and two-dimensional hydrodynamic modelling shows the influence of various 
parameters on the effect of river floodplain inundation. Thereby a multi parameter variation allows a derivation of 
characteristic relation functions using e.g. retention volume Vfloodplain/V total [-],  Qriver / Qfloodplain [-], channel slope [-],  
floodplain width [m], Qbankfull/Qtotal [-], depth relation [-], land use [kstr / n–values], bed slope, roughness, inundation 
volume, etc. Based on this theoretical analysis several technical and non-technical retention areas along the Danube 
River, March River, Kamp River in Austria and Upper Rhine River in Germany / France have been evaluated for the 
effects of flood peak reduction, wave translation and retention for flood events with different recurrence intervals 
(HQ5 � HQ100).  
The ecological analysis discusses the ecological value of still intact and cut off floodplains. Using non-technical 
measures the restoration of floodplains is not restricting water inflow, hydrodynamics, sediment balance and nutrient 
exchange. Thus existing, ecologically functioning floodplains are essential and have top priority to be preserved, 
followed by floodplain restoration, improving mostly simultaneously flood protection. The sociological contribution 
focuses on the analysis of non-structural measures as a way of protecting against flood risk aiming to define the 
process of social acceptance of these non-structural measures. This project emphasizes the elements / arguments on 
which the decision makers support floodplain preservation and restoration and the tolerance level of the population 
or a concerned group to regulations in favour of non-structural measures.  
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2 Objectives 
 
The main scientific objectives of PRO_Floodplain are (i) to identify and evaluate the hydromorphological 
contribution of water retention in preserved and restored floodplain systems for non-structural flood risk 
management across various geomorphological settings, (ii) to demonstrate the contribution of floodplain preservation 
and restoration to the achievement of good ecological status and (iii) the investigation of the social acceptance of 
such non-structural measures. 
 
Thereby the role of vegetation and morphodynamics in improving the flood retention capacity by increased 
roughness, reduced transport capacity and split flow conditions was analysed, including extreme events and relevant 
residual risks. The transformation in a general floodplain evaluation matrix (FEM) was aimed based of varying 
criteria in different study reaches in Austria, Germany and France. 
 
In detail the hydromorphological aims are to derive a spatial overview about the relevance of floodplains for water 
retention, to identify and hydromorphologically evaluate flood risk reduction by preserving and restoring river 
floodplains, to analyse the effects of increasing roughness and other measures to the effectiveness of floodplains for 
flood risk reduction, to discuss the role of floodplains for extreme events / residual risk reduction in comparison to 
design floods and to define the spatial demands of floodplains for reaching a certain hydraulic effectiveness. Further 
aims are to discuss the possible multipurpose use of floodplains relevant for flood risk reduction, to derive criteria for 
the evaluation of floodplains, to compare the effectiveness and efficiency of floodplains across varying slopes, land 
use, vulnerability, leading to a qualitative evaluation matrix (FEM) and to develop an innovative management 
strategy. 
 
The benefits and disadvantages of the floodplain enlargement are discussed with each other and regarded in 
comparison with technical measures of the flood risk management (hydraulically, ecologically, economically, and 
politically). In particular the restoration of floodplains as a contribution for the achievement of a “good ecological 
status” respectively a “good ecological potential” of the river in the sense of the European Union Water Framework 
Directive is examined. 
 
In the same way possibilities are analysed as to how the integration of the floodplain enlargement into existing flood 
protection concepts, into the management plans for catchment areas as well as into the aims of the land use planning 
of the national institutions, can be achieved. 
 
One important aspect is the social acceptance of non-structural measures in the context of floodplain preservation 
and restoration. The main emphasis in the context of the social sciences concern the perceptions of the flood risks 
and of the flood risk management, on one hand by organized actors (institutions, federations etc.), on the other hand 
by the population which is affected. The interdisciplinary aim of this project is to develop a floodplain evaluation 
matrix (FEM), integrating technical, ecological and sociological aspects. 
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3 Methodology 

3.1 Terms and Definitions 

Floodplains are the natural inundation areas along river stretches. Rivers and their floodplains form a natural unit. 
They are on the one hand the most species rich and at the same time one of the most strongly endangered habitats in 
Europe. Floodplains offer various of intra linked habitats and feature two-thirds of all biocenosis of Central Europe 
on only about seven percent of the land surface. Floodplains store temporary considerable quantities of water during 
floodings and therefore improve downstream flood protection. They are defined as natural retention areas (Dister, 
1985, 2002). 

The deciding criterium for the differentiation between non-technical and technical measures is the operation with 
control buildings: technical measures need operational systems with control buildings and a flow regulation. Non-
technical measures do not need those operational systems and therefore no control buildings and no flow regulation. 

The discussed floodplain enlargement in the context of the joint research project PRO_Floodplain is defined as a 
non-technical measure in form of unregulated reconnection (undisturbed flood dynamics) of large former floodplains 
with the active main channel and its present flood regime. This might be done by lateral dyke shifting, by slitting the 
dyke (constructing big openings) or by leaving natural dyke breaches (example exists in Germany at the Rhine). 

It can be seen as a basic principle, that without technical measures even no floodplain enlargement can be realised. 
One exception exists: dykes that are left without any technical support, so that they will break naturally in future But 
this will happen in an uncontrolled way. Hence, technical measures, such as the new building of dykes (e.g. in the 
case of lateral dyke shifting, mechanical use for slitting a dyke or removing a dyke), are always necessary for 
floodplain enlargements. Furthermore the maintenance of new dyke constructions is necessary to ensure dyke 
stability in the case of floodings (design discharges, floods > HQ100). A construction of a new dyke would not be 
necessary if the topographic situation allows an enlargement up to the boundaries of former river floodplains, a 
terrace on a higher level. In comparison, polder solutions, like the planning of the polder “Bellenkopf/Rappenwört” 
at the German Upper Rhine, are defined as typical technical flood protection measures. 

Besides large unregulated reconnections of floodplains, which are examined by the joint research project 
PRO_Floodplain, a lot of small non-regulated measures close to the river exist with capabilities to reduce flood 
risk. These measures are mainly implemented by increasing river width which leads to a lowering of water surface 
level and flow velocity. It was found, that more natural floodplain dynamics and an enhancement of the ecological 
floodplain functions occur. For example, the reconnection of prestine channels and side arms with the main active 
channel should be mentioned. The cross sectional enlargement below bankfull discharge is a further important non-
technical measure of possible flood risk management. The excavation of floodplain areas is another measure with 
technical character, but no need for regulation exists when finished and therefore it is defined within the project as a 
non-technical measure. Another concept would be to increase bed surface levels to have a better connection (during 
floods with lower recurrence intervals) between river and floodplains. 

Additionally to measures, which are close to the rivers, furthermore non-technical measures within the river 
catchment are possible. A variety of different  measures exist to reduce flood risk in these catchment areas, e. g. 
forestation, enhancement of infiltration, prevention of soil sealing (see IKSR, 1998). 
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Further, non-technical measures are possible in form of legislation, planning, information and education as well, 
which would enhance the prevention of flood damages.  

Strictly there are, as it was mentioned above, a lot of non-technical measures possible: within the catchment, the 
related river system and along the river reaches. Those varieties of measures should be combined and would 
therefore improve the effects on flood protection. In accordance to the local situation a study case would be 
necessary considering the best solution.  

The most important contribution to flood protection and floodplain preservation is definitely the preservation of 
existing floodplains. These areas provide natural retention for floodings, the habitats are adjusted to inundations and 
human utilisation is more or less adapted to regular flooding. 
 
 

3.2 Project Steps 

The basis of the project was the consortium of three partners (Austria, Germany and France; Figure 3.1). In the initial 
stage of the project, a written Consortium Agreement was drawn up, defining the responsibilities of the individual 
partners within the framework of the project. The scientific complexity of the project (in an interdisciplinary 
approach) demands the establishment of an assertive advisory panel. Therefore, the participants selected 
representatives to form an expert advisory board. The coordinator coordinated the consortium and the meetings with 
the advisory board and communicated between the project partners and the ERA-NET CRUE consortium. The expert 
advisory board has been established at the first partners’ meeting. 
 

 
Figure 3.1. Project Management Structure. 
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The project coordinator is the Institute of Water Management, Hydrology and Hydraulic Engineering of the BOKU – 
University of Natural Resources and Applied Life Sciences.  IWHW frequently participates in international projects, 
including EU projects e.g. WARMICE (Proj. Nr. ENV4-CT98-0789), Siberian Education Reform to Assist 
Environmental Protection (SEREP, EU-Tempus-Tacis-JEP10466-98), CC-Hydro, various EU-Life projects and was 
coordinator of the national flood analysis project FloodRisk with 46 subprojects. The quality of the division’s 
personnel and infrastructural resources was guarantor of effective and strong project management. Good personal 
relationships existed between all the participating research groups, ensuring effective management and providing a 
good basis for satisfactory conflict resolution. 
 
The primary objective of the Expert Advisory Board was to guide the project in tackling key issues of practical 
importance and dissemination. It worked with existing structures, activities and networks, as a means of both 
canvassing inputs from and disseminating outputs to local authorities, government bodies, politics and international 
associations concerned with issues relating to integrated flood risk management. Close contact was provided during 
the ERA-NET CRUE meetings (Kick-off-Meeting in Vienna, 29th and 30th of January, 2007; ERA-NET CRUE-
Meeting in Lyon, 17th and 18th Octobre, 2007). Special thanks for their advisory function go to Dr. Leo Grill 
(Austria) and Mme. Silvie Charron (France).   
 
The project coordinator ensured that scheduled reports have been submitted on time, meetings took place as arranged 
and that all project partners fulfilled their communication, reporting and cost statement commitments to the 
consortium.  
 
Decision making during the project was strictly result-driven. Work package planning included the definition of 
milestones at the end of tasks, which were subsequently analysed and evaluated. The evaluation of the results led 
either to a continuation of the work as planned or to a revision or curtailment of the initial work plan. After 18 
months, the comprehensive report has been available, including a synthesis executive summary.   
 
Internal communication took generally place on two levels, informal direct communication between the partners and 
official, centralised dissemination of information. The centralised information flow was organised and maintained by 
the coordinator.   
 
A time schedule (Table 3.1) was elaborated in order to define milestones at the end of tasks of the project (e.g. 
starting phase, working phase, results) and to coordinate the common interdisciplinary work. 
The starting phase included literature research as well as basic research concerning the methods of evaluating 
floodplains within the sectoral disciplines. The definition of aims was the main intention of this phase.  
The working phase was characterized by the application of the innovative approaches found in the starting phase by 
testing and evaluating the developed methods. Focus was given to the derivation of FEM parameters and their 
approval in case studies.  
Afterwards the analysis and interpretation of the results was the last phase of the project. Formulations and 
visualizations were needed to demonstrate the activities, the progress and the results in a final report. Great emphasis 
was given to the interdisciplinary view of this topic.  
 
After six months and twelve months there was an evaluation and consolidation of the progress and the results. 
Therefore, it was possible to identify problems and to work out solution strategies. 
Four meetings were arranged in order to provide close contact between the project partners, to exchange knowledge 
and results, to harmonize the further common procedure and to discuss and evaluate the findings of the other work 
packages. 
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Table 3.1. Time schedule of the project PRO_Floodplain. 

  6 months 6 months 6 months 

Month 1         6 7         12 13         18 
                        
WP 1                                     
                         
WP 2 S S S W W W W W W W W W W R R R R R 
                        
WP 3 S S S S S S W W W W W W R R R R R R 
                         

WP 4 S S S S W W W W W W W W W R R R R R 
 

 

 
 
Dissemination 
 
The major exploitation of PRO_Floodplain results is the generally understandable description of the effectiveness of 
flood risk reduction by preserving and restoring river floodplains and the development of the Floodplain Evaluation 
Matrix FEM. Exploitation and dissemination of the research results is given in the form of a synthesis summary, 
written for practitioners and policy makers, demonstrating the efficiency of preserving and restoring river floodplains 
for flood risk reduction and at the same time reaching a good ecological status, including a floodplain evaluation 
matrix for decision makers (main dissemination).  
 
Up to now additional dissemination takes place in multiple scientific papers and proceedings as well as presentations 
at national and international conferences, e.g. 
 
29.03.2007 Floodplains at times of WFD and NATURA2000, Bavarian Conference for floodplains in 

Neuburg at the Danube, Germany, Poster-Presentation of WP 3 
23.06.2007 Ecological Continuity of the Rhine, International Workshop in Freiburg, Germany, poster-

presentation 
26.09.2007 Conference of the year 2007 of the German Society for Limnology, Münster, Germany 
 “Ungesteuerte Hochwasserrückhalteräume – Wiederanbindung ehemaliger Auen an 

Fließgewässer als nicht-technische Maßnahme des Hochwasserrisikomanagements” 
29.09.2007 German Geographical Day 2007, Bayreuth, poster-presentation 
18.10.2007 Conference of the Rhine Ministers in Bonn, Germany, poster-presentation 
16. – 18.04.2008 Nature–Oriented Flood Damage Prevention, International Conference in Darmstadt, 

Germany, poster-presentation 
03.09 – 05.09.2008 RiverFlow 2008, Çeşme-Đzmir, Turkey 

“Floodwater Retention: Hydrological analysis and hydrodynamic-numerical modelling (1D, 
2D) of flood wave translation and peak reduction related to different study sites at the 
Austrian Danube River basin” 

22.10. – 23.10.2008 Österreichische Wasserwirtschaftstagung, Graz, Austria, Powerpoint-Presentation 
24.09.2008 International Drava Vision Conference, Maribor, Slovenia 
 “Sustainable Flood Protection on the Drava River in Carinthia” 
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29.09. – 03.10.2008 FloodRisk 2008, Oxford, UK 

“Flood risk reduction by PReserving and restOring river FLOODPLAINs – 
PRO_FLOODPLAIN” 

12.01 – 16.01.2009 Ecohydraulics, 7th ISE & 8th HIC, Concepción, Chile 
“Preserving and restoring river floodplains for improving the ecological status and flood risk 
reduction” 

 
Furthermore, brochures and flysheets were printed for dissemination in local administrations and planning agencies.  
 
With the increasing importance and accessibility of electronic information transfer, great emphasis has been placed 
on devising an attractive and practical website (http://www.pro-floodplain.eu/), which served both the interest of 
practitioners and policy. To achieve this, both cutting-edge IT tools and professional knowledge in the field of 
integrated flood risk management have been used. This website also features the possibility to download the present 
report as well as the associated paper representing a brief summary of the project.  
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3.3 Study Reaches 

In order to investigate the effectiveness of river floodplains in hydromorphological, ecological and social terms, 
several study reaches in the catchment areas of the Danube and the Rhine River were selected in Austria, Germany 
and France (see Figure 3.2).  
 
 

 
Figure 3.2. Study reaches in Austria, Germany and France.  

 

 

3.3.1 Kamp River (Austria) 

 
The study reach is situated in the northern part of Lower Austria (E 15°26´, N 48°32´; extension: 47 km * 23 km). 
The origin of the Kamp River is near the village Karlstift (920 m.a.sl.). Its 160-km-long course discharges into the 
Danube River (182 m.a.sl.) at Altenwörth. The total catchment area measures 1753 km². In this northwestern part of 
Lower Austria, the basic geological features were mainly formed around 300 million years ago during the Devonian 
and Permian.  
Based on different bedrock material, the river course can be further subdivided into three parts. The first river stretch 
(until the city of Zwettl) consists of granites that resist erosion well. The following second stretch, between Zwettl 
and the city of Langenlois, consists of weak bedrock material. Crystalline schist, like paragneiss, which is prone to 
erosion, allowed incision of the riverbed in the fault zones and local joints over the last 1.8 million years. An uplift of 
the whole Bohemian Massive during the upper Miocene amplified these processes. During this time, the river valley 
developed into a meandering canyon. The third stretch, downstream of Langenlois, is located in the deposited 
alluvial sediments of the Danube River (Tullner field), where the Kamp River features lower average bed slope 
(0.0007) than in the upper- (0.0024) and middle reach (0.0016). In the recent past (1950 – 1957), three large 
hydropower plants were built. The reservoirs of Ottenstein (33.4 GWh year-1), Dobra (40.5 GWh year-1) and 
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Thurnberg (11.5 GWh year-1) drastically influenced the sediment transport and the hydrological regime. Since that 
time, the 82.6 km long downstream stretch of the Kamp River until the mouth has been described as a residual flow 
section  (by the reduction of mean annual flow) with no coarse sediment input from upstream (suspended sediments 
pass through the power plants) and reduced input from tributaries. The release of the 10 °C near-bottom water into 
the Kamp River (Frangez et al., 2006) by the three power plants reduces the maximum water temperature from 25 °C 
to 16 °C in July at the gauging station Stiefern (Stoiss, 1992). This changed the fish region from epipotamal to meta-
hyporhithral.  
Special meteorological conditions in Lower Austria and the south of the Czech Republic were responsible for the 
extreme flood events in summer 2002 (Holzmann, 2002). In the investigated area, a precipitation event of 150 to 370 
mm was documented in the first 12 days of August 2002 – 3 to 4 times higher than the average monthly precipitation 
in the catchment area of the Kamp River (Holzmann, 2002). These massive rainfalls caused a flood at the Kamp 
River, with two distinct peaks. The first flood wave occurred on 8th of August. Within 24 hours the discharge 
increased from 100 m3s-1 to 800 m3s-1 (gauging station Stiefern, one hundred years flood at gauge Stiefern = 490 m3s-

1). On 14th of August the second wave occurred. The maximum discharge was about 500 m3s-1 on the 14th of August 
(discharge was estimated because during the decline of the first wave the gauging station Stiefern was destroyed). 
 

    
Figure 3.3. Sediment deposits with pioneer plants downstream of Langenlois (2004). 

Figure 3.4. Riparian forest of the Gobelsburger Au (© IHG, 2003). 

 
 

3.3.2 Danube River (Austria) 

 
Along the Danube River several inundation basins are reported (Figure 3.5). The (I) Eferdinger basin (118.5 km2) is 
situated in Upper Austria between the settlements of Aschach and Ottensheim. In eastern direction of Linz the Linzer 
field is declared as the second major retention basin (II) with a spatial extend of 9523 ha. The retention area of the 
Machland (III) contains a length of about 30 km between the mouth of the Enns River and the entrance of the 
Danube into the Strudengau. Close to the city of Ybbs the fourth retention basin (IV) is situated. In opposition to the 
Ybbser shield the Tullner field (V) is reported as the largest retention basin along the Austrian Danube. The length is 
defined with 48 km containing a lateral extent up to 14 km. Certainly the most famous inundation basin (VI), 
declared as national park, is located eastern and downstream of Vienna.  
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Figure 3.5. Important retention basins along the Austrian Danube.  

 

    
Figure 3.6. Danube flowing through the city of Vienna (© www.foto-julius.at). 

Figure 3.7. Sidearms of the Danube in the Donau-Auen National Park in Lower Austria (© Kovacs). 

 
 

3.3.3 Drau River (Austria) 

 
The selected reach at the Drau River drains a basin area of 2561 km² (at gauging station Sachsenburg / Drau valley), 
has a bed width at mean flow of about 50 m, a mean channel slope of 0.18 %, a subsurface mean grain-grain size of 
32 mm and a mean annual discharge (HQ1) of 64 m3s-1. The river reach is almost straight and shows a plane bed with 
no bed forms but slightly asymmetrical cross-sectional form. The Drau River has and continues to experience 
significant river bed degradation of about 1 cm yr-1 due to river engineering works (mainly decrease of river width), 
reduction of sediment input from mountain tributaries (construction of sediment retention basins) and gravel mining 
(Habersack et al. 2008). 
 

Eferdinger basin 

Linzer shield 

Machland Tullner field 

March River 

Kamp River 

NP Danube Aue-forest 
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Figure 3.8. Renaturalized section of the Drau River including remaining floodplain forests.  

Figure 3.9. Regulated section of the Drau River (© Kärntner Landesregierung). 

 

3.3.4 Mur River (Austria) 

The Mur River, as a major tributary of the Drava River, contains a total length of approximately 450 km (295 km in 
Austria). The river originates in the Austrian national park Hohe Tauern (1898 m a.sl.). It drains a catchment area of 
13,824 km² in total. At the end of the border segment between Austria and Slovenia, the Mur River has a 
downstream length of about 355 km and drains about 10,340 km². In this reach 150 m3s-1 was defined as mean 
discharge. 
 

   
Figure 3.10. Mur River at Prekmurje (Slovenia) with an “active channel” and disconnected remaining floodplain forests.  

Figure 3.11. Mur River at the border between Austria and Slovenia with dense riparian forest (© Amt der Steiermärkischen 
Landesregierung).  
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3.3.5 March River (Austria) 

The March River drains a catchment of 38,900 km2 before discharging into the Danube at Dévin. The river features a 
total length of 350 km originating in the Czech Republic (eastern Sudeten part). In its lower course, the river divides 
the Czech Republic from Slovakia and then Slovakia from Austria. For the March study reach in Austria recorded 
data of gauging station Angern (mean discharge = 114 m3s-1; HQ100 = 1400 m3s-1) were taken into analysis. 
Historically the March River exhibited a meandering character by its lower bed slope and deposition of fine material 
within reaches close to the mouth. Now, based on several rectifications, those former active channels are mostly 
found as oxbow lakes or cut off side channels within the floodplain areas. Exceptions are given in those river 
reaches, which are declared as National Park March-Aue-Forests. 
 

    
Figure 3.12. Back water in the alluvial forest of the March River.  

Figure 3.13. Inundated alluvial forest near Zwerndorf (© www.buschbacher.at). 
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3.3.6 Rhine River (Germany, France) 

 

The German and French studies focus on the Upper 
Rhine. The Rhine, with a total length of 1320 km has a 
mean flow of 2,200 m³/s on entry to the Netherlands. The 
total Rhine catchment area adds up to 185,300 km² (KHR 
1993).  

The selected case studies of Workpackage 3 (Ecology) 
are two floodplains at the Rhine near Hördt „Hördter 
Rheinaue“ and near Karlsruhe „Bellenkopf/Rappenwört“. 
Both presented study reaches stretch along the Rhine 
downstream of the Reservoir Iffezheim with a so called 
“free” and unhindered flow. The former floodplain of the 
„Hördter Rheinaue“ as well as the floodplain of 
„Bellenkopf/Rappenwört“ are excellent areas for a 
possible dyke relocation and floodplain enlargement. For 
both study reaches extensive data are available, which 
allow comparisons between non-technical (dyke 
relocation) and technical (polder) measures. Besides these 
two potential retention areas an addtional focus of interest 
is given on the nature protection area 
“Kühkopf/Knoblochsaue”, situated within the recent 
floodplain of the northern Upper Rhine. Further case 
studies have been used as references, e.g. the 
“Bürgerweide” near Worms and the polder “Ingelheim” 
(see Figure 3.14). 

 

Figure 3.14. Existing or planned measures for flood protection along the French and German Upper Rhine including the Pro-Floodplain 
study reaches (highlighted in red). 

 

3.3.6.1 Rhine floodplain near Hördt – Hördter Rheinaue 

 
� catchment area: Rhine (185,300 km²) 
� position: Rhine-km 374 to 380 
� size of the study area: about 2,240 ha 
� mean discharge (stream gauge Maxau) = 1260 m³s-1 
 

The study area „Hördter Rheinaue“ in Rhineland-Palatinate is located close to the city of Hördt between 
Leimersheim (south) and Sondernheim (north). The region is described as the “Pfälzische Rheinebene” situated in 
the Northern Upper Rhine Valley on the western Rhine side. The western demarcation of the investigated area forms 
the Pleistocene terraces (Hochgestade, Niederterrassen). The Pleistocene terraces are very pronounced in this range, 
a salient edge of erosion limits the Rhine valley (border between Holocene and Pleistocene). 
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Figure 3.15. The historical developments of the river reach between 1600 and 1958 with different prominent phases. After Musall (1969) 
in Lelystad Kinzelbach (1976). 

 

Here, the Rhine shows only a low bed slope gradient. Historically the river was featuring pronounced meandering 
stretches of main- and secondary channels with far loops and periodical channel shifts by erosion and deposition of 
bed material. Today's conditions results from the Rhine rectification (1817 - 1870), by which the river bed was 
restricted. Figure 3.15 exhibits the historical development of the river reach between 1600 and 1958 regarding to 
different periods. Bed slope and flow velocity as well as the river bed incision have increased since then. For flood 
protection dykes had to be established. By connecting different dyke systems a continuous dyke line was 
constructed.  

 

      
Figure 3.16. Oxbow lake Böllenkopf within the „Hördter Rheinaue“ (Photo: I. Quick, 2005). 

Figure 3.17. Oaks of a hardwood forest within the „Hördter Rheinaue. (Photo: I. Quick, 2005). 
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In general the topographic relief is  less pronounced. Flat backs and hollows, in which groundwater pass frequently  
through the upper surface layer, form the character of the landscape. Small floodplain lakes and separated oxbow 
channels (see Figure 3.16) are typical for this riparian landscape. The soil compositon is formed by the existing 
hydrological conditions. Fine sand and clay as floodplain soils alternate with organic wet soils. In the investigated 
area mainly nutrient-rich floodplain clays or mud soils over sand and gravel are present. 

The typical softwood along the former Rhine was replaced in large areas by reed meadows and willow bushes. 
However, within the range of the prestine channels of the Rhine and at the edge of the Pleistocene terraces there are 
still remainder of the natural woods with willows, poplars, alders, ashes, elms and oaks. In some cases few reed-cane 
brakes are conserved as well (Pemöller 1969, Schmidthüsen 1952) (Figure 3.17). The presented reach has been 
designed as nature protection area on the 14th of December 1966. Meanwhile an European protection status 
according to the Habitat Directive has been given to the reach. This area includes 818 ha, mostly forest. 

The potential flood retention, one of the major points of Pro Floodplain, corresponds to the project „Integriertes 
Raumnutzungskonzept für die Hördter Rheinniederung“ (LW RP 2000). Within this project a large dyke relocation 
up to Holocene terrace (2,240 ha) was planned. Since 2005 a new flood protection concept of Rhineland-Palatinate 
plans to establish a reserve area which will be flooded only during extreme events (> design discharge). Therefore 
the existing dyke will be strengthened and a new dyke will be build. 

 

3.3.6.2 Rhine floodplain near Karlsruhe Bellenkopf/Rappenwört 

 
� catchment area: Rhine (185,300 km²) 
� position: Rhine-km 354 to 359 
� size of the study area: about 540 ha 
� mean discharge (stream gauge Maxau) = 1,260m³s-1 

The reach „Bellenkopf/Rappenwört“ is located south-west to the city of Karlsruhe (at the Upper Rhine in Baden-
Württemberg) and on the eastern river bank of the Rhine between Neuburgweier and Karlsruhe. 

In west, the area is bounded by the Rhine, in the east by the Pleistocene terraces between Forchheim and Daxlanden. 
The investigated area is located upstream of the so-called meandering-zone of the Upper Rhine. Because of the lower 
bed slope the typical meanders developed within this reach. By natural cut-off numerous prestine river channels 
(oxbow arms and side arms) in different siltation phases were left, which forms the today’s riparian landscape (see 
Figure 3.19 and Figure 3.20). 

Up to the 19th century the morphologically extensive natural condition of the river and the floodplains was 
preserved. Little interferences in medieval times had only slight and local effects. The first substantial and drastic 
interference of humans into the river ecosystem was the rectification of the Upper Rhine by G. Tulla, who specified 
the streambed on today's course with the meander cut-offs at the Neuburger (1818-1821) and Daxlander break 
through (1820-1822). With the proximate river bed incision and the developing of anthropogenic constructions, 
relocations of the river course become impossible. Between 1934 und 1935 the new flood protection dyke was build 
close to the Rhine (see Figure 3.18).  

The former floodplains have been cut-off  70 years from now and have not been naturally flooded since then. The 
secondary channels of the former Rhine are connected by artificial inlets and channels which are closed at a water 
level of 500 cm at the stream gauge Maxau, thus allowing only low flow discharging into the “Rappenwörter 
Altrhein” (one of these former secondary channels). In the 20th century gravel and sand mining formed the large lake 
“Fermasee” in the south of the area. 
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The floodplain relief was formed by the Rhine creating patchy mosaic habitats with a variety of plant communities. 
The species inventory of plants and animals is still very impressive. The Natura-2000 protection area 
“Rheinniederung zwischen Wintersdorf und Karlsruhe” (Rhine floodplain between Wintersdorf and Karlsruhe) 
includes nearly the whole area of the presented case study.  

 

 
Figure 3.18. Historical development of the floodplain „Bellenkopf/Rappenwört“ (WWF-Auen-Institut, 2006 ). 

 

 

      
Figure 3.19. Bellenkopf, Oxbow lake at the Fermasee (Photo: Eckb. Schneider, 2004). 

Figure 3.20. Former Rhine channel Rappenwörter Altrhein within former floodplain (Photo: I. Quick, 2006). 

recent floodplain 

dyke 

old floodplain 
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This floodplain has been taken into the consideration of the Integriertes Rheinprogramm (IRP) of Baden-
Württemberg for a controlled retention area (polder). Because this river reach is located downstream of the last (in 
flow direction) barrage Iffezheim, there is no need for a controlled measure and a floodplain enlargement with dyke 
relocation would be a possible alternative. Both alternatives have been evaluated in the EIA so that a comparison is 
possible. 

 

 

3.3.6.3 Rhine floodplain Kühkopf/Knoblochsaue 

 
� catchment area: Rhine (185,300 km²) 
� position: Rhine-km 468 to 478 
� size of the study area: about 2380 ha 
� mean discharge (stream gauge Worms) = 1,420m³s-1 

The study reach „Kühkopf/Knoblochsaue“ is situated in the recent floodplain which allows flooding corresponding 
to the water levels of the Rhine. It represents an old Rhine-meander located in the most northern part of the 
meandering zone of the the former Rhine, enclosing the “Kühkopf”. The bed slope of the river reach averages only 
0,07 % which is the lowest gradient along the Upper Rhine. The “Kühkopf” meander was cut-off artificially by 
straightening the river course in 1828/29. Farming has been extensively practised up to the 50s of the last century 
and been intensified in the 60s and 70s. With several dyke breakages in spring 1983 the dyke was not repaired and 
farming ceased consequently (Zettl, 2002). The nature protection area „Kühkopf/Knoblochsaue“ was designated 
1952 and represents one of the largest floodplain protection areas in Germany (Figure 3.21 and Figure 3.22). The 
hardwood forests in the zone “Karlswörth” and “Rindswörth” belong to the oldest and most natural forest in Europe 
(Dister, 2002). In the meantime the complete nature protection area is Natura-2000 area as well. 

 

      
Figure 3.21. Water Caltrop in Schusterwörter Altrhein (Photo: M. Döpke, 2005).  

Figure 3.22. View on Karlswörth (Photo: M. Döpke,2005). 

 



 
 
 
 

CRUE FUNDING INITIATIVE ON FLOOD RISK MANAGEMENT RESEARCH  
PRO_FLOODPLAIN  

18 

3.3.6.4 Polder Erstein (France) 

 
The polder Erstein is located in France, in the south of the 
city of Strasbourg (regional capital) on the left bank of the 
canalised part of the Rhine River in a sector highly 
artificial (high dykes, barrages) because of the 
hydroelectric power plants built upstream and downstream. 
The polder is surrounded by a town of about 10,000 
inhabitants, which is divided unequally in two pieces: the 
smaller part is located 2 km from the entrance of the polder 
whereas the bigger part is 5 km far away from the polder. 
The risk of flood is low because of the Rhine canalization. 
The last flood event that caused damages in the town 
occurred in 1955.  
 
 
 
 
 

Figure 3.23. Area of the polder Erstein - risk map of floods at the Rhine River (ICPR, 2001). 
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3.4 Hydromorphology 

Water retention is a known phenomenon and quantifications exist on the basis of measured data (gauging stations) 
and numerical modelling for specific river reaches ( Habersack & Nachtnebel, 1998). Whereas information about the 
effectiveness of certain floodplains are available mostly for discharges up to a recurrence interval of 100 years, the 
role of these floodplains during extreme events, which occurred more frequently recently, is often missing. The 
effectiveness and efficiency of existing, improved or restored floodplains in comparison to structural measures, such 
as levees, has to be evaluated.  
The improvement of water retention in the catchment area of the river is essential. Water retention in floodplains is 
of central importance, whereby the effectiveness and efficiency is determined by the geomorphological setting (e.g. 
valley width, slope), the river morphology (e.g. channel geometry) and the hydrological / hydraulic boundary 
conditions (e. g. flood wave form). Besides these, the coefficient of roughness, given by e.g. vegetation, or 
morphodynamics, influences the effects of floodplains. Physical model results suggest that floodplains with existing 
forests (Aue-areas) and consequently high roughness improve the effectiveness of floodplains. Reconnected side 
channels, river bed widening measures, based on self forming morphodynamic changes also influence the 
effectiveness. In order to suggest certain non-structural measures within spatial planning the flood risk reduction by 
preserving and restoring river floodplains has to be studied for various geomorphological, hydromorphological and 
land use situations (see Habersack et al., 2008 - Appendix A.) 
 

3.4.1 Methods 

The main objective of this work package was to identify and evaluate the hydromorphological contribution of water 
retention in preserved and restored floodplain systems for non-structural flood risk management across various 
geomorphological settings. Thereby the role of vegetation and morphodynamics in improving the flood retention 
capacity by increased roughness and reduced transport capacity has been analysed, including extreme events and 
relevant residual risks. The results of these investigations were used to find the relevant parameters for the 
hydromorphologic evaluation of floodplains summarized in the sectoral Floodplain Evaluation Matrix FEM.  
 

3.4.1.1 Methods 

The applied methods include (i) theoretical considerations concerning the effectiveness of non-structural measures in 
the context of integrated flood risk management, (ii) the analysis of field data, gained during and after flood events, 
(iii) numerical simulation techniques (hydrodynamic modelling) (iv) the interpretation and extrapolation of 
laboratory investigations.  
 
At the beginning, an overview of existing floodplains was derived by analysing existing inundation simulations, like 
HORA (flood zonation system in Austria) and flood hazard maps. The study of theoretical effects and practical 
experiences of floodplains in reducing flood risk by lowering flood peak and transforming flood waves will be 
analysed. Thereby the comparison of non-structural to structural measures has been of central importance. Field data 
of floods, like hydrographs of existing gauging stations, are used to demonstrate floodplain effects.  
 
The specific study reaches in Austria are the river Mur between Spielfeld and Radkersburg, the river Drau between 
Lienz and Spittal/Drau, the river Kamp between Zwettl and confluence with the Danube and the river Danube 
(Machland and downstream of Vienna). In Germany and France the river Rhine (see WP3, 4) was investigated. An 
analysis of historic and recent extreme floods led to a determination of spatial needs of rivers (planform view) based 
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on process investigations. These spatial needs include flooding and geomorphic changes. As the study reaches range 
from small to large scale and include various hydrological, geomorphological and ecological zones as well as 
different usage pressures a broader view of effects of floodplains and given boundary conditions is possible.  
 
Based on hydrodynamic models and special simulations for defined hydraulic conditions spatial needs and the 
effectiveness of the various floodplains are analysed. The dependency of these on boundary conditions is discussed 
and described in an evaluation matrix. Special emphasis is given to the question of roughness influences and 
morphological changes on the effectiveness of floodplains for flood risk reduction. Thereby results of physical 
hydraulic models in laboratories are incorporated and used for the calibration of roughness values used in the 
hydrodynamic numerical models.  
 

3.4.1.2 Description of work  

• Comparison of water retention in various study reaches in Austria, Germany and France based on field data 
analysis, hydrodynamic modelling approaches and existing project results  

• Evaluation of water retention in relation to non-structural and structural flood risk management, based on 
the parameters flood peak, change of flood wave propagation, spatio-temporal development of floods  

• Analysis of the effectiveness and efficiency of floodplains across varying hydrological, hydraulic, 
geomorphological and land use conditions  

• Hydrodynamic analysis of the influence of vegetation and morphodynamics on water retention and damage 
potential by scenario simulation, incorporation of physical model results and study reach comparison  

• Discussion of the vulnerability of mankind in the study reaches and possible ways of risk reduction  
• Definition and evaluation of a floodplain evaluation matrix, which allows an estimation of the contribution 

of various floodplains depending on the geomorphological setting, flood characteristics, vegetation and 
morphodynamics  

• Development of an innovative flood risk management strategy within river basin management plans, based 
on floodplain preservation and restoration 

 
 

3.4.1.3 Deliverables 

• Quantified contribution of water retention by floodplain inundation in lowland, midland and upland as well 
as mid- to large scale rivers  

• Compared effects of structural and non-structural measures for flood risk reduction by water retention due 
to inundation  

• Described specific flood risk reduction by preserved and restored floodplains according to defined 
parameters 

• Analysed additional influence of vegetation and morphodynamics on water retention in floodplains of 
various geomorphological settings  

• Newly derived floodplain evaluation matrix  
• Expanded river basin management strategy for an innovative flood risk management by floodplain 

preservation and restoration 
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3.4.2 Methodological explanatory notes: Basic Research 

 
In a first step, the evaluation of variables describing and influencing the retention effectiveness of river floodplains 
had to be carried out. This was done via hydrodynamic-numeric modelling within a schematic river reach by a 
multi-parameter variation . The schematic river reach should be applicable to a widespread spectrum of different 
river types (from smaller rivers like the Kamp River to large streams like the Danube), so a generalization in 
geometry and flow data had to be worked out. The model geometry builds up on a straight schematic stream of 20 
kilometres length with the following variables (see Table 3.2): 
 
 

Table 3.2. Variables of the schematic river reach and their range. 

variable range 
slope 0.25 – 4.00 [‰]  
top width at bankfull flow 25 – 450 [m] 
mean depth at bankfull flow 1.5 – 9.0 [m] 
roughness coefficient of the floodplains kst 40 – 5 [m1/3s-1] 
width of the floodplains 50 – 1200 [m] 

 
 
 
The range of each variable was divided into categories and illustrated in a matrix (see Table 3.3). In order to test the 
classification system and the sensitiveness of the classes, the mean values of real rivers were determined by 
statistical analysis of existing data (terrestrial surveys, interpretation of aerial photographs, numerical simulation for 
bankfull flow etc.). This was carried out for five Austrian river reaches. The specific study reaches were the Kamp 
River between Zwettl and the confluence with the Danube, the Mur River between Spielfeld and Radkersburg, the 
Drau River between Lienz and Spittal/Drau, the Danube River (Donau-Auen National Park downstream of Vienna) 
and the March River (lower reach). The classification of these rivers within the matrix should guarantee that the 
chosen parameter-sets are located in a realistic range and that they show good agreement to other classification 
systems. 
 

 

Table 3.3. Matrix classification for five Austrian rivers.  
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Kamp     x       x           x                     x    x    

Mur     x         x              x                x   x     

Drau     x         x            x                  x     x   

Danube    x              x               x           x       x 

March x             x           x                   x       x 

 
*) at bankfull flow 
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With these input data the geometry was built up based on a trapezoidal cross-section with horizontal floodplains 
(Figure 3.24). The comparison with the survey data of existing rivers showed that a bank slope of 1:2 represents real 
conditions best. The general model geometry is – due to practical considerations and to a general appliance – defined 
with horizontal floodplains. This is of course only an approach to simulate nature, due to the fact that real rivers' 
floodplains show most often great variability in morphology. Thus, the floodplain can be inclined towards or off the 
floodplain, which will strongly influence the retention characteristics. In nature there will be areas where the water 
will be pushed back towards the channel or where split flow occurs because the floodplains are lower than the main 
channel.  
 
 

  
 

Figure 3.24. Perspective view of the schematic river reach and alterable parameters  

 
 
Changes caused by planned measures can be easily estimated by altering one or more of the variables. The obtained 
geometry was applied to the one-dimensional HEC-RAS-model as well as to the two-dimensional Hydro_AS-2d-
model to document the impact of variable geomorphology on flood retention in this schematic river reach. The study 
design includes one-way ANOVA for testing the significance (p<0.05) of the differences between the one-
dimensional and two-dimensional modelling results. For a further comparison of means (peak reduction and 
translation) between complex river bed- and floodplain topography and the schematic river reach a high quality 
Digital Terrain Model DTM  is used. The DTM is built up by using airborne LiDAR data (Toposys, 2002) of banks 
and floodplains and an additional terrestrial survey (tachymeter) of the river bed under low flow conditions. To 
eliminate the random measurement errors of the LiDAR data, an interpolation with automatic smoothing based on 
the statistical properties of the data, like Linear Prediction (Kraus, 2000) or the equivalent method of Kriging 
(Journel & Huijbregts, 1978), was applied with the SCOPE++© software package. The basic parameters for the 
following DTM data reduction are a maximum height tolerance ∆zmax of the approximated surface compared against 
the original DTM and a maximum planimetric point distance ∆xymax. The algorithm starts with an initial 
approximation of the DTM comprising all structure lines and a coarse regular grid (cell size = ∆xymax), which are 
triangulated using a Constrained Delaunay Triangulation. This initial TIN is subsequently refined by iteratively 
inserting additional points until the height tolerance ∆zmax is achieved. Based on the described coarse-to-fine 
approach, an Adaptive TIN is generated using a noticeably reduced point set of the original DTM (Mandlburger, 
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2006). The reduced data are used to generate DTM models and hydrodynamic-numerical (HN) modelling meshes of 
the study sites. 
For hydrodynamic-numerical modelling of the investigated reach, the one-dimensional unsteady flow model HEC-
RAS© was applied. The model was chosen because of its capabilities for sub-/supercritical modelling (USACE, 
2002) and multifunctional parameter analysis for overbank- and main channel flow. Further as two-dimensional 
model the Hydro-AS-2d software was used. The model was developed by Nujic (1999) and calculates the hydraulic 
conditions on a linear grid by a finite volume approach. The model uses the SMS (Surface Water Modelling System) 
software as a pre- and post-processing tool. The convective flow of the two-dimensional model is based on the 
Upwind-scheme by Pironneau (1989) and the discretisation of time is done by an explicit Runge Kutta method in 
second order. 
GIS-maps of land use were taken to detect and to define the boundaries of areas with different roughness values and 
to implement these areas in the hydrodynamic numerical models.  
The hydrodynamic-numerical simulations were carried out using recorded one hundred years flood waves having 
been observed in nature. This was done to capture the differences of retention effectiveness between different forms 
of flood waves that are typical for a certain river. Firstly, only one of the variables was varied to determine its 
influence on the retention effectiveness. Secondly, selected combinations of variables were investigated.  
The modelling results were compared with a Bavarian research study (Schwaller & Tölle, 2004) where the retention 
effectiveness of a schematic river reach simulating a small Alpine river was investigated by the modelling of a pre-
defined number of scenarios (variations of morphologic parameters under different discharges). Although this study 
was limited to only a few scenarios applied to a certain type of river, the results of parameter variation showed 
similar tendencies: great effects were obtained by enlarged floodplain widths and higher roughness values of the 
floodplains having the biggest influence on flood retention at low slopes. Other parameters like morphological 
changes directly in the river channel as well as man-made obstacles directly in the river channel do not show large 
influence on flood retention. This can be also said for river elongation by meandering – this measure loses 
significantly of effectiveness with increasing discharges that do also inundate the floodplains.   
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3.5 Ecology 

3.5.1 Methods 

Available hydrological calculations were evaluated for concrete non-technical and technical measures of flood 
control. This procedure was chosen for case studies with reliable data, so that dyke relocations could easily be 
compared to polder solutions. This step was taken to highlight basic differences concerning ecological problems 
between the uncontrolled and the controlled retention. 
Priority was also given to discussing the impact of the enlargement of floodplains (restoration) on the biotopes and 
biocenosis of the affected areas as well as on the river with its abiotic and biotic components. After a comprehensive 
literature study and with consideration being given to our own extensive research projects, the essential components 
of the river landscape ecosystem and the impact of floodplain enlargement were described (Dister et al., 2005; 
Günther-Diringer et al., 2008; Hessian ministry of land development, living, agriculture, forests and nature 
conservation, 1994; Ledesma & Dister, 2005; LW RP 2000; Quick, 2006; Quick et al., 2007; Schneider, 2004). On 
the other hand, preserving undamaged existing floodplains can be considered as one of the main objectives besides 
those of the reconnection. Thus, undamaged floodplains were used as points of reference and changes within 
biotopes and biocenosis as a result of the cutting-off were also described. 
This project also focused on compiling, describing and evaluating the technical, ecological and also economical as 
well as political implications of non-technical and technical measures. Data collection and analysis as well as 
visualisations of different space-related data (e.g. land use, relief or hydrologic data, etc.) and of the results were 
carried out with the help of geographic information systems (GIS). A comparison between the enlargement of the 
floodplains as a non-technical measure and technical measures like polder solutions regarding the implementation of 
the EU Water framework Directive has been made. 
Further research on flood protection concepts and management plans for catchment areas were carried out and 
possibilities for integrating floodplain reconnection into these two instruments has been discussed.  
However, development opportunities in densely populated river valleys are limited and conflicts of use are possible: 
the floodplain areas, which have been cut-off are nowadays used in such a way that flooding often is no longer 
compatible with human activity (Dister, 1989). 
Finally, it was necessary to integrate the ecological contribution into the floodplain evaluation matrix FEM.  
In order to identify floodplains within a river reach suitable for reconnecting, it is reasonable, in ecological terms, to 
choose those areas which are most appropriate for flooding.  
 
Two main assumptions should be taken into account:  
 

� 1. The reconnection should cause as little ecological damage as possible. Meadows or forests which are not 
adapted to flooding are threatened to die off in large areas which can lead to the loss of the entire biocenosis.  

� 2. After a reconnection has taken place, biocenosis, which are adapted to floodplains should be present or have 
the opportunity to develop. A reconnection of former floodplain areas only makes sense from an ecological 
point of view if biocenosis which are adapted to the floodplains can develop there on a large scale.  

 
This is entirely compatible with the land use in forestry and agriculture. If this is prevented by forestry or agriculture, 
the existing biocoenosis would be partially, largely or completely destroyed in the event of flooding and would begin 
to redevelop afterwards during the “dry” periods without flooding until the next flood comes. There is no adaptation 
to the natural habitat. This also leads to financial damages on used areas. 



 
 
 
 

CRUE FUNDING INITIATIVE ON FLOOD RISK MANAGEMENT RESEARCH  
 PRO_FLOODPLAIN  

 

   25 

The answer to the question whether an area is ecologically suitable, is mainly determined by the fact if the area in its 
present state (still) shows the essential characteristics of a floodplain. This encompasses all ecological factors of 
abiotic and biotic parameters including the habitats and organisms typical for floodplains. The more this current 
status resembles a natural floodplain, the easier will its reconnection be. In case that specific factors are missing or 
have changed, the ecological suitability for flooding of this area will decrease (see Dister, 1992). If other man-made 
interventions have had an impact on the flooding of the entire area or have changed the floodplain characteristics, 
then further measures might have to be taken in order to facilitate a reconnection of the whole area. The best solution 
would be an uncontrolled reconnection up to a terrace. This would make it possible for tributaries to flow into the 
floodplain area without pumping, thus creating a passage e. g. for migratory fish. 
 
For the considerations of the FEM, the point of reference has to be the current state of the area and its respective 
characteristics (land use, anthropogenous impacts, status and the degree of development of the habitats, manmade 
structures, etc.) with the only change consisting in removing the dyke and thus facilitating the flooding of the area by 
the river. Especially the human interference can be adapt to inundations. This will lead to additional changes. It is 
very probable that certain ways of land use will change due to the inundations, but these changes cannot be taken for 
granted and are difficult to gauge.  
It would be best to carry out an assessment of the whole area with the help of data from existing research since this 
would make it possible to find out exactly which area or which part is most suitable for reconnection.  
In order to assess a floodplain location or a floodplain biocenosis, it is necessary to include extensive, detailed 
descriptions of different parameters. A detailed set of parameters was established in the course of the project and this 
helped to facilitate an optimal evaluation of a potential retention area from an ecological point of view. For the 
floodplain evaluation matrix FEM, seven parameters were chosen, which allow for evaluating river floodplains. The 
FEM as well as the complete catalogue of parameters can be further enlarged or detailed in future with a view to 
answering other concrete questions. As a matter of fact, used data should always be as detailed as possible.  
Within the framework of the Floodplain Evaluation Matrix simple methods were developed, in order to evaluate 
different biotic and abiotic parameters with a view to assessing the suitability of an area as an uncontrolled retention 
area. With the help of geographic information systems (GIS), it is possible to analyse and combine the different 
parameters for the area and its whole surface. In the past few years, numerous studies and models were developed 
which focus on the interaction between abiotic and biotic factors and serve to evaluate or forecast the impact of flood 
protection measures. Whenever the impact on a certain area has to be investigated, the use of GIS is often 
indispensable. The studies which were taken into account within the project can basically be divided into two 
different categories: 
 

� a) An examination of the (ecological) potential of a retention area in order to find suitable areas for regaining a 
specific part of a river or an entire river catchment area. 
A first overview concerning the potential for regaining floodplain areas was given for the Danube river within 
the Danube Pollution Reduction Programme of the UNDP/GEF (UNDP/GEF 1999) in the WWF Floodplains 
Institute. Apart from an evaluation of the ecological potential for recent floodplains the study also focused on 
an assessment of the potential for renaturation of former floodplain areas which have been dyked (cut-off).  
The F+E project of the Federal Office for Nature Protection in Germany (Bundesamt für Naturschutz) with the 
title “Stock taking of the floodplains and inundation areas at rivers in Germany” (Quick et al., 2007) will be 
finished in the very near future. Apart from gathering data on recent and morphological floodplains, stock is 
being taken of land use, protected areas and biotopes on different levels of regionalisation. Within the 
framework of a follow-up project with the title “Assessment of river and stream floodplains in Germany” 
(Planungsbüro Koenzen, 2007) a nationwide assessment procedure for floodplains at rivers is currently being 
developed. 
An interesting approach was taken by the Scottish Executive Environment and Rural Affairs Department in the 
study “Natural Flood Storage and Extreme Flood Events“ (Rose & Lamb, 2005). The project examines and 
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quantifies the potential for natural retention within a river catchment area by means of hydrologic 2D-models 
on four small rivers in Scotland. Apart from assessing the retention capacities which already exist due to flood 
retention, an attempt was made to find out under which recurrence intervals (for HQ100 and HQ200) a reduction 
of the risk for people living downstream is possible. In addition, a cost evaluation of the potential damages for 
agriculture, which could be caused by an enlargement of the natural floodplain areas and an analysis of the land 
use, were carried out. 

 

� b) A forecast of the impacts due to a (technical) measure for a limited area 
For more than one decade the German Federal Institute of Hydrology has been modelling the ecological 
situation of a limited area in several studies. The integrated floodplain model INFORM, that displays and 
assesses the ecological impact of natural or constructional changes of the water level, was developed by case 
studies at the Lower Rhine and additional studies from the research project RIVA at the middle Elbe (Fuchs., 
2004). The basic approach of INFORM is that the (middle) groundwater distance and the related indicator 
determines the occurrence and distribution of the habitats. The appropriateness of a specific location in a 
floodplain area for vegetation, ground beetles or molluscs will be checked by using model-relevant abiotic area 
parameters (cp. Fuchs, 2004). In the RIVA-project on the middle Elbe for example, the relationship between 
abiotic and biotic was estimated first punctually (at sample points) by statistical models and then transferred to 
the surface by geo-statistical procedures (cp. Fuchs & Rink, 2001). 

 
One purpose of the INTERREG project IIIB FOWARA (Forested Water Retention Areas; Armbruster, 2006) is to 
investigate the consequences of flooding by inundation for forested areas and their natural balance. The main project 
area is the Upper Rhine which has lost large floodplain areas (and with it also retention areas) in the course of 
construction works of the Upper Rhine. Within the framework of the Integrated Rhine Programme (IRP) some 
retention areas were created, which often lie in wooded areas. The fauna and flora there is no longer adapted to 
regular inundations due to flood events. This is especially true for forests where over time trees which do not tolerate 
inundations have been planted. With the help of several studies and long-term research projects in forest areas along 
the Upper Rhine, the degree of flood tolerance of different species of trees was established. The flood tolerance or 
intolerance was examined by taking into account factors such as flood peaks, duration of the floods, flow velocity, 
frequency and exposure (cp. Armbuster et al., 2006). One result of this investigation is the guideline „Forest Risk 
Analysis“, which is published by the regional council of Freiburg (Freiburg RP). 
The studies mentioned on the one hand, the potential for (uncontrolled) flood retention (a) and on the other hand the 
impact of flood events (b). The studies of the group (a) examine and evaluate above all the use as a decisive factor 
for the identification of potential areas. The integrated floodplain model of b), however, provides a model of the 
impact of flood events on a small scale and is mostly used as a planning instrument for water management or for 
environmental impact assessments. It is in any case based on very detailed data which usually has to be bought. 
However, an important principle of the FEM is that an evaluation must be made on the basis of available data. An 
interesting approach has been taken in the INTERREG project IIIB nofdp IDSS (nature-oriented flood damage 
prevention, information and decision support system; see Horchler, 2006; Horchler & Winterscheid, 2008; van Dijk, 
2006). This decision making system provides integrated instruments for planning flood protection measures and 
analysing of their environmental impact. The version which is currently being developed is limited to rivers with a 
catchment area of less than 1000 km². The FORAWA project and the guideline „Forest Risk Analysis“ that it has 
produced, is also based on a rather small-scale and detailed examination of the area and requires small-scale maps of 
the forests as well as hydrologic calculations on the duration of the flood, the flow velocity and flood peaks. 
The above mentioned procedures are less adequate for a rough assessment matrix which facilitates a suitability 
assessment of an area in a relatively short period of time. They can, however, give an idea which parameters should 
be taken into consideration and which methodological approaches can be transferred. It was one of the objectives of 
the project to find out which of the existing methods would be suitable for developing the FEM.  
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3.6 Sociology 

3.6.1 Methods 

The sociological investigation concentrates on the analysis of elements favouring or not favouring the social 
acceptance of structural and non-structural measures for flood protection. The main purpose is to recognize which 
elements among the various implemented or projected measures are looked upon as beneficial or not by the 
population of a concerned territory.  
In order to find the main criteria of social acceptance of flood protection measures, the methodology was divided in 
two stages:  
 

3.6.1.1 Selecting projects and contacting the main actors involved in the consultation process  

Projects as example of consultation process development / discussion of measures (structural and non-structural) of 
flood management were selected through various bibliographical sources available in France and Germany. Press 
articles, official reports, demographical data and general knowledge were collected to obtain an all–embracing view 
of the whole scientific sector in its various components and issues. The main actors were listed; the eventual conflicts 
investigated; a characterization of the position of each actor in the consultation process was made.  
 
At the end of this first stage, three main issues emerged from these various sources:  

� The principle of flood retention as measure to protect from flood events was not controversial but well accepted 
as an example of a cross-bordered and cross-local solidarity. The necessity of flood retention measures appears 
relevant in the context of climate change predicting frequent and damaging flood event for the next decades.  

� The type and the mode of elaboration of measures give rise to many critics relative to i) the lack or 
omnipresence of control; ii) technical details regarding the selected measures such as the force of the discharge 
in a concerned area.  

� The ecological retention appears to be the key problem among the main actors. This opposition leads to a 
reinforced control of the area in case of flood, which limits the project to hydraulic aspects only (e.g. flooding 
only at extreme events). 

 
Hypothesis were built to explain the difficulties in creating a consensus on the ecological retention: the opposition 
will be strengthened by i) the risk's perception of present management measures: the more structural measures were 
seen as positive to the main users, the more the opposition of non-structural measures will be strong; ii) the 
habituation of technical solutions that conducts to sectoral activities preventing an integrated management and 
reinforcing the control of natural processes (Fischer-Kowalski, 1998). The nature reserves included in the project 
area are therefore ruled by the human control; iii) the channel of communication: if the channel of communication is 
controlled by the main users opposed to the ecological retention, the ecologist's arguments will have difficulties to 
assert on the other actors, but also on the local population. 
 
The purpose of the second stage was dedicated to the elaboration of relevant tools to enlighten the three levels of 
acceptance listed above. This was done by the analysis of questionnaires.  
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3.6.1.2 Definition of questionnaires 

Two types of questionnaires were defined: 

� Questionnaire for the actors (direct interviews): 
The questionnaire offers the opportunity to investigate opinions without predefined categories or hierarchy and 
so to let the “ground speaking” (Gotman & Blanchet, 1992). The interview has the purpose to create conditions 
for a self-assessment about the involvement of the interviewees concerning the studied projects. The 
questionnaire consists of a list of thematic questions appearing as the key issues concerning a specific project 
found with the aid of collected sources. A semi-directive interview method was chosen. The actors were 
directly contacted.  

� Questionnaire for the local population (interrogation sheets): 
In this case, differentiating criteria were selected in order to find the relation between the different risk 
perceptions of the local population in France as well as in Germany. The construction of the questionnaire 
needs previously knowledge of the situation studied, that’s why observation was an additional method 
regarding land occupation and frequenting.  
Postal questionnaires were not selected: even if it would be advantageous in terms of volume of expected 
answers, it is not certain that they will be returned. That’s why the questionnaires were handed out directly. 
This also gave the chance to observe how the area is occupied and visited. Moreover, it was the best way to 
realize short interviews after the questioning phase. The discussions were rich of elements allowing a better 
understanding of the social habits.  

 
 

3.6.2 Methodological explanatory notes 

3.6.2.1 Questionnaire for the interviews 

 
The five general themes listed in the following table (Table 3.4) focused on:  

� The general perception of water and particularly of the Rhine River in order to define their duties and to 
understand why they favoured a special flood protection measure instead of another one. The hypothesis is the 
more an actor is accustomed to a hydraulic perception or the human control of flood and ecosystem, the more it 
will be difficult for him/her to accept non-structural measures.  

� The local social relationships between the actors: habit to work together and the eventual impact of other 
subjects on the discussion regarding the management of flood; the impact of personal interaction in the project 
favouring or not the penetration of various arguments giving a chance to implement non-structural measures. 
The organization of the communication channel inside the project and its effect on the general presentation to 
the local population are investigated.  
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Table 3.4. List of questions asked during the interview. 

 

Issue Sub questions 

Description of the duties Area on which they work 

Contact with actors every day 

Relationship to water 
 

Relationship to water in general and with the Rhine River particularly 

Since when are they aware of the issue “protection against flooding events” 
Flood risk as part of their duties  

Perception of the project 
 

Information about the project 

Participation in the project  

Perception of significant modifications of the project since the beginning of 
the involvement  

Significant modifications in their duties, involvement and work methods 

Consultation process  
 

Definition of consultation process  

Concrete realizations of the consultation process 

Specific involvement 

Accustomed to consultation process 

Improvement of the project’s objectives with the consultation process 

Flood retention 
measures 
 

Perception of the retention area 

Critics of the chosen methodology  

Definition of the selected measures and their impacts on the area? 

 
 
Fourteen interviews were recorded and transcribed. Postal questionnaires (8) were necessary as unique or 
complementary solution. The local civil service, federation of users, scientists and ecologists were asked for each 
case.  
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3.6.2.2 Questionnaire for the local population 

Through the sex issues selected (see Table 3.5), three purposes conditioning the social acceptance were defined: 

� Relationship with the concerned area: i) according to the frequency and the type of use; ii) perception of the 
nature reserve to emphasize the elements which were perceived as positive or negative in the ecological 
management. From this analysis, ecologists' presence in the local territory and the penetration of their 
arguments may explain the rejection or the acceptance of ecological retention. 

� The evaluation of local risk: i) according to the information sources; ii) the experience and evaluation of flood 
frequency; iii) the definition of flood process (artificial or natural). 

� The projects linked to these two first conditions: i) definition and information sources; ii) perception of the 
purposes and selection of the positive/negative effects. 

 
The 50 French questionnaires and the 59 German (Rhineland Palatinate) questionnaires concentrated on local 
inhabitants: 

- Living in the nearest cities surrounding the project area. 
- Visiting frequently the project area. 

The investigation of the nature reserve Kühkopf (25 questionnaires collected) will be used as additional elements to 
complete the analysis of the acceptance of local population.  
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Table 3.5. Questionnaire for the local population visiting the project area. 
 

Issue Sub questions 

Frequency Frequency of visit 

Purpose of the visit 

Part of the area usually visited 

Duration of visit  

Reasons to visit precisely this place (accessibility) 

Nature Reserve Knowledge of the nature reserve (localization) 

Where do they know the nature reserve from 

Definition and purposes of a nature reserve 

Knowledge of the nature reserve manager 

Perception of the 
flood events 

Frequency: stabilization or increase 

Place appropriate for flooding 

Experience of flood  

Definition of flood: natural or artificial; elements responsible for flood 

Flood as cause of concern 

Flood as a danger/ Flood as a risk 

Information about 
flooding 

Information sources 

Information assessment regarding flood risk 

Project of the flood 
retention area 

Knowledge of the project 

Definition of the project: functioning of the project 

Purposes of the project: protection of the population and/or improvement of nature 

Perception of the 
retention measure 

Effectiveness of the project regarding the purposes 

Compatibility with the area selected 

Comparison of the measure selected or planned with others 

Knowledge of other projects: perception of cross bordered protection 
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3.7 Collaborative Research Project PRO_Floodplain 

 

Integrated flood risk management is a relatively new approach in confronting floods. This integrated approach calls 
for the collaborative research and elaboration within different scientific disciplines. This objective was exceptionally 
well met by the three project partners (hydro-morphology, ecology, sociology). 

 

The sectoral results of the three different work packages and disciplines could evaluate existing and prestine 
floodplains  from the viewpoint of each discipline. However, those sectoral approaches to evaluate inundation areas 
were not the objective of the presented collaborative research project. Sectoral analysis would reduce the possible 
benefit of a joint Floodplain Evaluation Matrix drastically. By combining the three scientific disciplines into one 
overall FEM (Floodplain Evaluation Matrix) the outcoming results give an almost holistic approach concerning 
hydraulic, ecologic and sociologic aspects. Most of the critical questions, that are frequently asked in discussing the 
reconnection of former floodplains, could be resolved by the application of the interdisciplinary Floodplain 
evaluation Matrix (FEM). 

The three disciplines (hydro-morphology, ecology and sociology) have been selected for a collaborative project 
because they are in some aspects or parameters related to each other and use synergies to make joint statements 
easier. For example the ecological evaluation depends on hydraulic information (e.g. flow velocity, water depth) for 
estimating the effects of a reconnection and the possible impacts on flora and fauna. Flow velocity and water level 
dynamics could be predicted by using hydrodynamic-numerical models. In the same way the social acceptance be 
can anticipated if hydraulic parameters and ecological effects are known. 

The results of the collaborative research project emphasise that this approach was successful. 
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4 Results 

4.1 Hydromorphology 

The present hydromorphological study investigates those parameters of non-structural measures (preservation or 
restoration of floodplains) which influence the flood water retention effectiveness of floodplains. Flood water retention 
is a phenomenon of natural rivers and describes the effects of water storage in the channel and the adjacent floodplains 
leading to a change in shape and/or deceleration of the flood wave. Floodplain retention can be observed in compound 
channels, where due to higher friction and lower water depth in the inundation area lower flow velocities occur. 
 
In contrast, retention in polders (stagnant retention) is an artificial, structural measure, where flood water is stored for a 
short or a long time in a kind of reservoir surrounded by dykes. They are often controlled by an operational system (e.g. 
regulated in- and outlet). Although, retention polders may perform in certain flood scenarios better in regard to hydrology 
(peak reduction) than natural floodplains (this is especially the case, if the magnitude and shape of the flood wave is 
previously known), they exhibit numerous problems. These problems are widespread and exhibit a large range from 
ecology (disturbed natural flow regime, missing floodplain inundation, low flow velocity and oxygen content in the 
reservoir) over morphohydraulics (problem of sedimentation in the reservoir, residual risk) to sociology (open questions 
concerning flooding management and payment of compensation). Since structural measures for flood risk reduction are 
not in the scope of this study, we refer to relevant literature (e.g. Moorman, 1999; Jensen et al.; Foerster et al., 2004; 
Hong et al., 2006). A case study based decision has to be made concerning the best suited retention measure BUT the 
developed FEM method can also be applied to polders. 
 
 
 
Variations in morphology (slope, width and depth of the main channel; slope, width and length of the floodplains, bed 
and land roughness) exhibit both hydrological and hydraulic impacts:  

� Hydrology:  the hydrology considers effects on flood wave shape (peak reduction) and translation which are 
effective throughout the total downstream catchment. Hence, hydrological considerations are partially relevant for 
the local population but mainly for the people living downstream. General information about the impact of 
morphological changes on hydrology is given in chapter 4.1.1, whereas chapter 4.1.2 describes a practicable set of 
parameters proposed for floodplain evaluation (FEM parameters).   

� Hydraulics:  hydraulics considers the local effects (mainly at the site and upstream of the measure) on flow patterns 
like water level, flow velocities, shear stress or specific discharge. Evaluation of hydraulic parameters always 
dependents on the specific situation and its location within the catchment (e.g. proximity of settlements). Evaluation 
criteria for hydraulics are presented in chapter 4.1.3 (FEM+ parameters).  

 
The assembling of hydrological, hydromorphological and hydraulic evaluation has been done intentionally separately 
within the FEM-concept due to the fact, that – depending on the specific situation – measures can have either positive or 
negative effects on both (hydrology / hydraulics) or only on one of these.  
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4.1.1 Results of the basic research (schematic model) 

 
The results of the basic research provide valuable information about how rivers react to certain changes in 
hydromorphology. The study of a multiparameter variation in a simple schematic model (cp. chapter 3.4.2) was used to 
ascertain the statements on retention effectiveness given in literature (e.g. Schwaller & Tölle, 2005; Scholz, 2007; Pasche 
& Ploeger, 2004; Lammersen et al., 2002; Helms et al., 2002; Werner et al., 2005; Huthoff & Augustijn, 2004) and to 
perform a sensitivity analysis to find out which of those parameters are most decisive in enhancing retention 
effectiveness.  
Firstly, general statements concerning the results are given (chapter 4.1.1.1). Secondly, the variation of alterable 
parameters and its impact on retention effectiveness is discussed (chapter 4.1.1.2).  
 

4.1.1.1 General statements concerning the results 

In order to approve and compare the results of the multi-parameter variation, the modelling of the schematic river reach 
was done with a one-dimensional program, HEC-RAS, and a two-dimensional program, Hydro_AS-2d. Due to this, two 
aspects must be mentioned:  
 

� Comparison 1D – 2D:  
Due to the lack of two-dimensional flow phenomena caused by river bends, contractions or expansions as well as 
lateral structures in this schematic reach, the results of the one-dimensional and the two-dimensional models showed 
good agreement (see example in Figure 4.1).  
 
A comparison between one-dimensional and two-dimensional hydrodynamic-numerical modelling was done by one-
way ANOVA statistics. The simulated results of peak discharge reduction (∆Q) and flood wave translation (∆t) 
were determined on pre-defined control cross sections (∆s = 5 km), grouped and analyzed by the statistic model. For 
∆Q it was documented in an overall analysis, containing various bed slope (0.00025 – 0.0005), and variable n-values 
(0.1/0.067/0.05) for overbank areas, that means of ∆Q are significantly equivalent (p = 0.929 / F = 0.08) between 
one- and two-dimensional models (n=40). For flood wave translations (equal cross sections used) a significance of p 
= 0.757 (F = 0.097) was calculated. Hence, flood wave translation, containing means of 3.45 h (1D-model) and 3.32 
h (2D-model), are significantly correlated for the predefined cross sections (n=40) as well.  
 
However, the results derived with the two-dimensional model showed slightly higher peak discharges and longer 
flood wave translation than the one-dimensional ones. This is caused by different calculating procedures using 
numerically identical roughness-values. The difference approves that the roughness values are interpreted differently 
by the two programs (the two-dimensional program considers the given value as rougher than the one-dimensional 
one). The one-dimensional model unites in its roughness-value not only the grain roughness but also losses of 
energy due to turbulence, dispersion and secondary currents induced by geometry. The two-dimensional model is 
able to simulate these processes separately (ATV-DVWK, 2003). Consequently, numerically identical roughness 
values stand for higher grain roughnesses in the two-dimensional model.  
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Qmax        
[m3s-1] 

characteristic model 
HEC-RAS Hydro_AS_2D 

0 km 469.61 469.61 

5 km 467.63 468.55 

10 km 465.32 467.63 

15 km 462.91 466.73 

20 km 460.46 464.82 

% 98.05 98.98 

 
 
 

Retention 
period [h] 

characteristic model 

HEC-RAS Hydro_AS_2D 

0 km 31.00 31.00 

5 km 33.00 33.00 

10 km 34.50 35.00 

15 km 36.00 36.50 

20 km 37.50 38.50 

Diff 6.50 7.50 

 
 
 

Figure 4.1. Results of the two- and one-dimensional modelling for the schematic Kamp River  
above) Peak discharge, below) prolongation of the flood translation.  

 
 

� Comparison schematic river reach – real river reach  
 

The schematic model neglects the influence of structures such as river bends, contractions and expansions, the 
morphological variance of the riverbed, the slope of the floodplains as well as man-made lateral structures. The 
differences between the schematic river reach and the real river reach can serve as a good estimation of the 
magnitude of the effects of such influences.  
For example, the comparison of the schematic river reach model (built up on the mean values of the real river) to the 
real river model of the Kamp River (built up on a digital terrain model) showed a four times larger effect on the peak 
reduction for the real river model (standardized peak reduction of the schematic river reach model: ∆Q/km = -0.43 
m3s-1; standardized peak reduction of the real river model: ∆Q/km = -1.88 m3s-1).  
Figure 4.2 shows the modelling results of the sensitivity analysis concerning floodplain width of the schematic river 
reach (Kamp River). Four scenarios were compared: floodplain width of 200 m (mean value of the real river reach), 
400 m, 600 m and 1200 m. It’s evident, that the positive effects on peak reduction and flood wave prolongation are 
increasing with the widening of floodplains. Nevertheless, even the standardized peak reduction of the scenario 
containing a floodplain width of 1200 m (∆Q/km = -1.00 m3s-1) is far below the value obtained in the real model 
(DTM data based on LiDAR). This is due to the fact, that the real model allows modelling of complex flow paths for 
inundation in floodplains (Figure 4.3), which significantly contribute to the retention effect.  
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Figure 4.2. Sensitivity analysis of floodplain width within the schematic river reach (1D).  

 

       
 

Figure 4.3. Development of flow paths for floodplain inundation within the real river model (2D).  
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Another comparison between two models of real rivers – one carried out in the one-dimensional HEC-RAS program 
and the other in the two-dimensional Hydro_AS-2d program, highlighted great differences concerning the results. 
The modelling results of a simulated one hundred years flood are given in Figure 4.4. Responsible for the 
differences between 1D and 2D models in Figure 4 are extended overbank flow recirculation in the floodplain areas 
(Figure 4.5). 
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Figure 4.4. Computed flood retention based on LiDAR DTM data (Kamp River); input discharge (black solid line), output discharge 
Hydro_as-2d (grey solid line), output discharge HEC-RAS (black dashed line). 

Figure 4.5. Vector plot (grey allows) for peak discharge of an unsteady HQ100 modelling (2D–model). 

 
The modelling mesh based on LiDAR contains dense geometric data of terrain breaklines like dams, roads, 
buildings etc. Hence, the overbank flow circulates in the 2D-model due to the local obstructions (Figure 5). These 
obstructions are included in the cross sectional information of the 1D model as well, but based on the distance 
between the cross sections (mean: 109.16 m / SD: 34.41 m) (n = 66) and the numerical solution scheme these 
secondary currents can’t be given by the one-dimensional modelling approach. Such areas, like presented in Figure 
4.5, might have an influence on flood water retention during the whole flood event. The highlighted area (i) of 
Figure 4.5, which exhibits a flow recirculation between the settlement and the nearby roads, shows these specific 
flow patterns for 6.9 h (39% of the flood event).  
By comparing means for peak flow reduction along 24 control cross sections (out of 66 control sections defined for 
one-dimensional modelling) using one-way ANOVA statistics a significance of p = 0.908 was calculated (F = 0.14). 
The average ∆Q for one-dimensional modelling was 0.52 m3s-1 (n = 24) compared to 1.76 m3s-1 (n = 24) by the two-
dimensional unsteady flow model on a distance of 312 m between the control cross sections. 

 

� General conclusions 
 
Unsteady hydrodynamic-numerical modelling and the documentation of floodwater retention are wide spread in 
applied hydraulic engineering (Lammersen et al., 2002). The modelling results of the presented chapter exhibit that 
differences between one- and two-dimensional models might occur related to the heterogeneity of floodplain areas. 
Other studies like Nachtnebel & Habersack (1998) showed that it is possible to model unsteady flow processes with 
a good obtainment using the one-dimensional modelling approach. The differences between the measured and 
modelled peak flow (∆Q = 2 m3s-1) were negligible. Summarising it can be stated, that the modelling approach (1D 
or 2D) must be selected in regard to the characteristics of the specific area.    
Contrary to the hydraulic effects of river channel modification (e.g. river widening) on flood stage (Hauer et al., 
2006) the flood reducing effects of enlarging floodplain areas (e.g. by dyke shifting) are growing with increasing 
discharge (Lammersen et al., 2002). 

i 
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4.1.1.2 Results of the multi-parameter variation in the schematic river reach  

 
The results of the different scenarios of the multi-parameter variation in the schematic river reach were investigated to 
determine the relations in retention effectiveness and to evaluate the impact of different variables (see example in Figure 
4.6). The generalization and simplification of the model led to theoretical results (see chapter 4.1.1.1), nevertheless it 
reflects the range of the retention potential of different river types and different river engineering measures in a 
representative way.  
 
 

� Influence of slope on flood retention 
 
The slope of the river and respectively of the floodplains is one of the most important variables concerning the 
evaluation of the retention potential. Shallow slopes reduce discharge peaks and prolong retention periods. Steeper 
slopes worsen the effects of retention especially when the flood wave is totally discharged in the channel.  
For example, a variation of the slope of the Drau River from 1.5‰ to 1.0‰ increased the flood peak reduction of a 
one hundred years flood (1005 m3s-1) from 63 m3s-1 to 76 m3s-1 representing an improvement of 22%. 
Similar results were obtained for the Kamp simulation: A reduction of the slope from 1.5‰ to 1.0‰ increased the 
flood peak reduction of a one hundred years flood (470 m3s-1) from 9 m3s-1 to 12 m3s-1 representing an improvement 
of 32%. 
For example, the results for the peak reduction of a one hundred years flood after 20 km reach length in the 
schematic model for the Kamp River are illustrated in Figure 4.7. It is obvious that the effectiveness of floodplains 
strongly depends on the slope. The greatest effect is attained with the lowest slope.  
 
 
The International Commission for the Protection of the Rhine (Brahmer et al., 2006) states that floodplain retention 
is most effective for low slopes and specifies slopes less than 1% as effective. This value is also given by Scholz 
(2007), who classifies sustainable flood retention basins with lower slopes than 1% as very effective towards 
hydraulic purposes.  
The multi-parameter variation in the schematic river reach approved these statements, but also highlighted, that such 
a rough classification is too facile for evaluating the retention effectiveness. A finer graduation must be made to 
catch the scope of variations. A result that is also apparent in the Bavarian study (Schwaller & Tölle, 2004).  
Since the slope of the floodplains is one of the most inalterable parameters it can be taken as a good initial estimate 
in which way floodplain areas contribute to the retention effectiveness.   
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Qmax      

[m3s-1] 
I = 1‰ I = 1.5‰ (characteristic) I = 2‰ 

HEC-RAS Hydro_AS_2D HEC-RAS Hydro_AS_2D HEC-RAS Hydro_AS_2D 

0 km 469.61 469.61 469.61 469.61 469.61 469.61 

5 km 466.57 467.61 467.63 468.55 467.81 468.71 

10 km 463.39 465.72 465.32 467.63 466.04 468.16 

15 km 460.48 463.83 462.91 466.73 464.30 467.47 

20 km 457.58 457.00 460.46 464.82 462.49 466.40 
% 97.44 97.31 98.05 98.98 98.48 99.32 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

flood trans-
lation [h] 

I = 1‰ I = 1.5‰ (characteristic) I = 2‰ 
HEC-RAS Hydro_AS_2D HEC-RAS Hydro_AS_2D HEC-RAS Hydro_AS_2D 

0 km 31.00 31.00 31.00 31.00 31.00 31.00 

5 km 33.00 33.50 33.00 33.00 33.00 33.00 

10 km 34.50 35.00 34.50 35.00 34.00 34.50 

15 km 36.50 37.00 36.00 36.50 35.50 36.00 

20 km 38.00 39.50 37.50 38.50 37.00 38.00 
Diff 7.00 8.50 6.50 7.50 6.00 7.00 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.6. Variation of slope for the schematic Kamp River modelled with HEC-RAS and Hydro_AS-2d. Results for a) peak discharge (Qmax) 
and b) prolongation of the flood translation for three scenarios of slope variation.  
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Figure 4.7. Influence of slope and floodplain width on peak reduction for a one hundred years flood in the schematic reach of the Kamp River.  

 
 
 

� Influence of top width of the channel 
 
A reduced top width decreases retention. Widenings have positive effects on flood wave retention as long as the 
floodplains are inundated. Contrarily if widenings enlarge the cross-section in a way, that it is capable of 
transporting the whole discharge of the flood wave in the channel, so that the floodplains are not inundated at all. 
However, the results show that the variation of the width of the channel, e.g. in case of river widenings or 
contractions, do not strongly affect the retention effectiveness. Variations doubling the top width or reducing it to 
50% (which may be seen as very intense measures) only lead to an increase respectively to a decrease of the flood 
peak reduction of maximum 10%. The prolongation of the wave translation was negligible. However, the reduction 
of the flood peak is caused by an altered distribution of flows: the enlarged channel can transport more of the 
discharge (with a relatively low bed roughness), whereas the floodplains (with a relatively high roughness) feature 
lower discharges. Thereby lower water levels  in the floodplains occur also implicating lower flow velocities that 
contribute to the stretching and mitigation of the flood wave.  
 
 

� Influence of mean depth 
 
Variations of the depth (distance between river bed and floodplain elevation) show similar results like variations of 
the top width. Increased depths provide larger flow areas in the channel and reduced water depths in the floodplains. 
This causes minor flow velocities in the floodplains leading to better retention. Reduced retention is found in 
scenarios where no floodplain-flow occurs due to increased depths.  
However, variations of the mean depth even showed less change in the flood peak reduction than the variation of the 
top width. Furthermore, there was no significant contribution to the prolongation of the wave translation.   
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� Influence of roughness of the floodplains 
 
The roughness of the floodplains is primarily determined by the land use (streets, buildings, farm land, forests etc.), 
its seasonal evolution (e.g. density of vegetation, condition of crops etc.) and morphological heterogeneity (e.g. bed 
structures). Detection of areas with different roughness values and their implementation in a hydrodynamic 
numerical model can be easily done using GIS-maps of land use.  
 
As expected, an increased roughness of the floodplains results in reduced discharge peaks and prolonged wave 
translations. The variation of the roughness of the floodplains as indicator of the land use highlighted the strong 
influence of this variable on the retention effectiveness. Three roughness values were compared: kst = 5 m1/3s-1 (e.g. 
dense vegetation, e.g. dense willows), kst = 10 m1/3s-1 (e.g. medium dense vegetation like wood, shrubbery) and kst = 
15 m1/3s-1 (e.g. vegetation of low density like light shrubbery) (Habersack, 1995).  
 
The comparison between these three parameter values not only showed an increased peak reduction up to 50% but 
also great effects on the prolongation of the wave translation (up to 2 hours after 20 km reach length).  
Johnson (2008) also emphasizes the importance of floodplain roughness to the retention effectiveness and focuses 
on ‘key areas’ where woodland will be most effective (e.g. areas of open steep hill slopes).  
 
Another study recently carried out for the Kamp River (Habersack et al., 2008) succeeded in finding the relevant 
parameters of vegetation influencing the roughness of the floodplains. This was done with a 1:25 hydraulic scale 
model, allowing a variation of channel slope from 0.001 to 0.004 and discharges up to a one hundred years flood. 
Afterwards, the obtained results were compared with different numerical hydrodynamic modelling approaches. An 
innovative model construction concept (Hofbauer & Habersack, 2006) was used for the hydraulic scale model and 
enabled an automatic cutting of the model itself by using polystyrene. Due to an analysis of the flood 2002 related 
flow resistance by vegetation, rigid, non submerged vegetation elements were used. Additionally there existed 
scenarios with shrubs simulated by wood wool. Two geometries (straight, side arm), three slopes (0.001, 0.002, 
0.004) and three discharges (30, 50, 100 years flood) were combined with 14 vegetation scenarios. The vegetation 
scenarios contained e.g. small (10 m), wide (total inundation area), light (vegetation spacing of 5 m) and dense 
(vegetation spacing of 2.5 m) configuration, with and without shrubs. The wooden sticks, representing vegetation 
showed diagonal ordering, to avoid preferred flow directions. The significant impact of the resistance increase by 
vegetation leads to a reduction of flow velocities.  
 
For small vegetation (10 m wide) an increase of flow velocities in remaining vegetation free zones is measured. 
Additionally, as to be expected, dense vegetation cause further resistance increase, thus lower flow velocities. The 
reduction of flow velocities is larger the higher slopes and the more dense vegetation occur, reflecting interaction 
between main channel, inundation area and vegetated and non vegetated zones. Hydrodynamic numerical modelling 
was performed in parallel using different approaches regarding the vegetation resistance. It turned out that the 
modification of friction values (a procedure used mostly in practice) in order to consider different vegetation zones 
leads to comparable water level increases. However, roughness increases due to different vegetation scenarios are 
mainly influenced by two parameters: (i) the vegetation width, which can be determined during cross sectional 
measurements, based on aerial photographs or LiDAR analysis, (ii) the vegetation density, which can be defined 
during field work, whereby only representative sections along the river have to be analysed.  
 
As demonstrated, changes in floodplain roughness can have strong impacts on hydrology but also on hydraulics (see  
FEM+ in chapter 4.1.3), altering local flow patterns like water level, flow velocities and bottom shear stresses. 
These effects have to be considered if measures are planned within spitting distance to settlements. For such 
considerations, a spatial differentiated vegetation management plan along a river may be helpful (e.g. VeMaFlood 
in Habersack et al., 2008).  
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� Influence of width of the floodplains 
 
This variable can be seen as the evaluation of effects of diking or dyke-shifting. Enlarged widths of the floodplains 
reduce flow depths in the floodplains leading to decreased flow velocities. This contributes to a better retention. 
Doubling the width of the floodplains or reducing it to 50% leads to changes in the peak reduction of approximately 
25% for each variation. It also shows great influence on the wave translation (up to 2 hours after 20 km reach 
length). The modelling also reveals that the width of the floodplain has more impact on the retention effectiveness 
than the length of the floodplain – a phenomenon also stated by Kristelly (1997). This is because rivers with wide 
floodplain (see Table 4.1 and Figure 4.8, scenario 1) areas feature lower flow depths and respectively lower flow 
velocities than rivers with equally large, but longer floodplain areas (see Table 4.1 and Figure 4.8, scenario 2).  
 
 

Table 4.1. Results of the comparison between two coextensive (4 km2) floodplains with different aspect ratios (schematic model). 

 scenario 1 scenario 2 
width of the floodplain [m] 200 400 
length of the floodplain [km] 20 10 
area of the floodplain [km2] 4 4 
peak reduction [m3s-1] 9.15 5.38 
wave translation [h] 6.5 4.0 
 
 
 
 
 
 
 
 

Figure 4.8. Schematic illustration of the two coextensive (4 km2) floodplains with different aspect ratios (schematic model).   

 
 

scenario 1 
A =4 km2 

scenario 2 
A =4 km2 
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4.1.1.3 Summary 

In summary, the most effective variables are the slope of the channel and the floodplains, the roughness of the floodplains 
and the width of the floodplains. Nevertheless, it’s the interaction of different variables that results in the retention 

effectiveness of a whole area. In Figure 4.9 the relation of 
floodplain slope and -width is illustrated for the schematic 
river reach of the Kamp for a one hundred year's flood. 
Large floodplains combined with low slopes result in low 
peak discharges and demonstrate the effectiveness of these 
variables.  
Another investigation was carried out for several scenarios 
of combinations of different slopes and different roughness 
values of the floodplains (see Table 4.2). The combination 
of low slopes and high floodplain roughness contributes 
best to the reduction of the peak of the flood wave and the 
prolongation of the flood wave translation.  
 
 
 
 
 

Figure 4.9. Effects of slope and width of the floodplains on peak discharge (schematic model).  

 

Table 4.2. Effects of slope and roughness of the floodplains on peak reduction and prolongation of the wave translation (schematic model).  

 

 
 
The analysis of modelling results from the schematic river reach study showed the characteristic performance of 
hydromorphological variables towards retention effectiveness and highlighted which variables are the most powerful 
ones. These results provided valuable basic knowledge for the evaluation of effects on retention caused by 
hydromorphological changes.  
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4.1.2 Sectoral hydromorphological results (FEM) 

 
The results of the schematic river reach provided a theoretical basis for finding of relevant parameters for the Floodplain 
Evaluation Matrix (FEM). A set of five FEM parameters was selected for evaluating the retention effectiveness of 
different floodplains in sub-reaches within a river reach. The consideration accounts for the actual state of a floodplain 
and allows evaluation for arbitrary discharges.    
 

4.1.2.1 Peak reduction/peak increase 

This FEM parameter considers the effect on peak reduction/peak increase of a floodplain area compared to the total river 
reach it is part of (Figure 4.10). Two scenarios are possible:  

� Peak reduction: The retention effectiveness of the reach leads to a total reduction of the peak of the flood wave.  

� Peak increase: Over the total reach there is no reduction of the peak of the flood wave but an increase.  
 
To allow for comparison of different floodplain areas of unequal size a river-kilometre based approach has been chosen. 
The peak reduction/peak increase of the river reach is divided by the total length of the river reach. The result is a 
standardised peak reduction/peak increase per kilometre river reach (∆Q/kmreach), whereas peak reductions are 
characterized by negative values and peak increases are characterized by positive values.  
 

 
Figure 4.10. Evaluation of peak reduction/peak increase. 

 
The same procedure has to be carried out for each of the floodplain areas (∆Q/kmfloodplain) within this reach. The 
comparison of the two values leads to the classification within the FEM (see Table 4.3): Values of the floodplain 
(∆Q/kmfloodplain) between zero and the value obtained for the river reach (∆Q/kmreach) are rated as moderate contribution to 
the retention (medium priority). Values above that range signify worse contribution compared to the total reach (low 
priority). Values beneath the moderate range indicate enhanced retention effectiveness (top priority). 
 

∆ Qreach 

∆ Qfloodplain 

floodplain 1 

floodplain 3 

floodplain 2 
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∆ treach 

∆ tfloodplain 

floodplain 1 

floodplain 3 

floodplain 2 

Table 4.3. Rating of the obtained value for ∆Q/kmfloodplain 

Peak FEM-ranking reduction increase 
∆Q/kmfloodplain > 0 ∆Q/kmfloodplain > ∆Q/kmreach low priority  

∆Q/kmreach > ∆Q/kmfloodplain > 0 0 > ∆Q/kmfloodplain > ∆Q/kmreach medium priority  
∆Q/kmfloodplain  < ∆Q/kmreach ∆Q/kmfloodplain < 0 top priority  

 
Required data for this FEM parameter are the results of a DTM based unsteady hydrodynamic model (results must be 
available at the beginning and the end of each investigated floodplain as well as for the whole reach) or at least recorded 
flood waves at different gauges within the reach that can be compared. Furthermore, a flood wave that represents the 
design discharge has to be chosen.  
This approach also accounts for tributaries and lateral inflow so the demarcation of the river reach that serves as reference 
as well as the sub-reaches has to be done very carefully (e.g. major tributaries that strongly change the shape of the flood 
wave must be seen as strict boundaries).  
 

4.1.2.2 Flood wave translation 

This FEM parameter uses the same evaluation scheme like the peak reduction/peak increase (see Figure 4.11) leading to 
the same mode of allocating within the FEM (Table 4.4). The two scenarios are:  

� Prolongation of the wave translation: the retention effectiveness of the reach leads to a prolongation of the flood 
wave translation 

� Reduction of the wave translation: the inflow of tributaries as well as the lateral inflow of the catchment area itself 
leads to a reduction (shortening) of the flood wave translation   

 

Table 4.4. Rating of the obtained value for ∆t/km floodplain 

Wave Translation FEM-ranking prolongation reduction 
∆t/kmfloodplain > ∆t/kmreach ∆t/kmfloodplain > 0 top priority  

0 > ∆t/kmfloodplain > ∆t/kmreach ∆t/kmreach > ∆t/kmfloodplain > 0 medium priority  
∆t/kmfloodplain < 0 ∆t/kmfloodplain < ∆t/kmreach low priority  

 
 
Values of the floodplain (∆t/kmfloodplain) between 
zero and the value obtained for the river reach 
(∆t/kmreach) are rated as moderate contribution to the 
retention (medium priority). Values above that 
range signify enhanced contribution compared to 
the total reach (top priority). Values beneath the 
moderate range indicate low retention effectiveness 
(low priority). 
 
 
 

Figure 4.11. Evaluation of wave translation prolongation / 
reduction. 
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higher discharge (e.g. HQ300) 

design discharge (e.g. HQ100) 

4.1.2.3 River-kilometre related parameters 

In combination with the results obtained in the schematic river reach model, parameters such as actual and potential 
retention volume (area behind the dykes) of a floodplain seem to be of major importance, because it may provide the 
possibility of further enlargement of the floodplain area. The approach is river-kilometre related to enable comparisons 
between floodplains of different sizes. A digital terrain model as well as the water levels of the design discharge (e.g. 
measurements or modelling results) are needed for this FEM parameter evaluation. Firstly, the actual retention volume 
per kilometre of every floodplain area has to be calculated for the design discharge. This is done by merging the digital 
terrain model with the water surface area. Afterwards the model is adapted in such a way, that man-made dykes and dams 
are erased. Now the potential volume is calculated by applying the same water surface area to the model with dykes. The 
obtained values for the actual retention volume (Volactual floodplain/km) and the potential retention volume (Volpotential 

floodplain/km) per river kilometre are compared with the mean value for the actual and potential retention volume of the 
whole reach (Volactual reach/km and Volpotential reach/km). Higher values are rated as top priority; lower values as low priority.  
 
However, this FEM parameter also offers the opportunity to the experts to include other parameters that might be 
considered as important in certain cases. For instance, the basic research (schematic river reach) revealed that the slope of 
the floodplains as well as the ratio between length and width of a floodplain may have great significance for the 
effectiveness of flood retention.  
In the same way the location of the floodplain within the reach or even the summation of effects of several smaller 
floodplains can be evaluated by comparing different floodplain scenarios. For example, smaller floodplains in upstream 
basins can have more impact on flood retention than larger floodplains downstream if they succeed to mitigate floods in 
the beginning and can be effective throughout the whole catchment area (Hoekstra et al.). 
 

4.1.2.4 Secondary effects in case of discharges larger than design discharge 

Positive effects of floodplain areas in case of discharges larger than the design discharge (remaining risk [e.g. dyke 
breaches], higher risk [e.g. climate change]) are also incorporated in the FEM. Hydrodynamic modelling for higher 
discharges can highlight additional capacity of floodplains (Figure 4.12). The evaluation should be carried out in the same 
way as for peak reduction/peak increase and flood wave translation for the design discharge. The result is an overall 
ranking of the effects of higher discharges.  
Such a scenario was carried out by Apel et al. (2008) at the Rhine River finding out that floodwater which spills through 
dyke breaches into the hinterland may lead to significant reductions of flood peaks downstream.  
This investigation also offers the possibility to evaluate the effects not only of higher peaks of the flood wave but also for 
different shapes of flood waves in regard to climate change.  
Required data for this parameter evaluation are the results of a DTM based unsteady hydrodynamic model or at least 
recorded flood waves at different gauges within the reach (see also peak reduction/peak increase). The models boundaries 
should be consistent with those of the evaluation of peak reduction/peak increase. Furthermore, flood waves for 
remaining and higher risk have to be chosen.  
Furthermore, positive or negative effects on residential areas can be also evaluated qualitatively.   
 
 
 
 
 
 
 

Figure 4.12. Scheme of the evaluation of 
higher discharges.  
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4.1.2.5 Other processes 

This FEM parameter takes processes like sediment transport, woody debris or ice jams into account. Qualitative 
statements and evaluations can be made by the analysis of flood documentations, loss reports and aerial photographs.  
The position of the floodplain area within the reach regarding the proximity of residential areas is of great importance 
because this may be the critical point in considering such processes as desired or undesired. For example, active dynamics 
of woody debris shall take place in the free flowing sections of a river but are unwanted near settlements where woody 
debris could cause major damages to hydraulic structures and infrastructure (weirs, bridges, etc.) or lead to log jams. 
Hence, preserved or restored floodplains with natural vegetation may act as sources or traps of woody debris – being 
different for every case.  
For example, after the disastrous flood in 2002 the role of vegetation as source of woody debris was discussed. In total at 
least 6700 m3 wood was transported (eroded and deposited) during the flood. The population held the vegetation 
responsible for damage increase and thus management consequences, including cutting of vegetation were intended. 
Research studies showed that management plans should be specific for different river sections. As a consequence, the 
vegetation management can be optimized by differentiating between sensitive zones (e.g. settlements), where flood water 
levels are crucial and thus only a certain density and width of vegetation is acceptable and where woody debris that might 
cause log jams at bridges should be minimized. On the other hand, there should be rural areas without vegetation 
management where the reduction of flow velocities by higher flow resistance is improving water retention and thus 
reducing downstream flood risk. At the same time the ecological needs associated with vegetation can be met (Habersack 
et al., 2008). 
 
Elsewise the sediment processes, where natural floodplains mainly serve as sites for the deposition of material. Woods 
and riparian vegetation in floodplains can be very effective sites for the trapping of sediment. For example, a French 
study led by Brunet & Brian Astin (2007) documented sediment disposals in wooded areas of more than 75 kg m-2 during 
a flood event. If this effect is desired or not, strongly depends on the specific circumstances: reaches that are confronted 
to large sediment disposals (e.g. in residential areas) may evaluate this effect positively, whereas reaches with incision 
tendencies may evaluate any further lack of material input as negative. An example of undesired sediment disposals can 
be found at the lower reach of the river Kamp where large sediment deposits between the river channel and the primary 
dykes constrict the flow area (critical for higher discharges) and endanger the structural integrity of the dykes (see Figure 
4.13 and Figure 4.14) 
 
The ranking within the FEM-Matrix has to be done qualitatively by experts who are able to recognize the relevant 
processes and their interaction as well as their impacts on flood protection.  
 

      
 

Figure 4.13. Alignment of dykes along the Kamp River (digital terrain model).  

Figure 4.14. Cross-sectional plot of the lower reach of the Kamp River showing the sediment deposits between the primary dykes.  
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4.1.3 Hydraulics (FEM+) 

 
Further considerations concerning hydraulic purposes are done in the advanced FEM+. These considerations take the 
positive or negative effects of non-structural measures on local hydraulics into account. Most of the evaluation has to be 
done qualitatively with respect to the local conditions (e.g. the proximity of settlements).  
 

4.1.3.1 Water surface level 

River widening and dyke-displacements and the accompanied flooding of inundation areas strongly influence the water 
surface levels upstream of the measure. The effects depend on the dimension of the measure, the hydromorphologic 
settings (particularly the slope) and the peak discharge of the flood wave. Investigations of river widenings at the Kamp 
River showed great differences between the upper, middle and lower reach. The upper reach, characterized by high 
slopes, high flow velocities and steep energy grade line, showed major reductions of the water surface level for relatively 
short distances in upstream direction. Whereas the lower reach presented only small reductions of the water surface level 
but for long distances. The smaller the recurrence interval was (HQ1 – HQ100) the better were the effects of the measure. 
The results for a one hundred years flood at the Kamp River, which causes overbank flow, are given in Table 4.5 and 
Table 4.6 (Schober, 2006).  
 

Table 4.5. Maximum reductions of the water surface level for a one hundred years flood at the Kamp River. 

Maximum reduction of the water surface level [m] 
  

scenario 1 
 

width of the river widening = 2m 
length of the river widening = 100m 
 

 

scenario 2 
 

width of the river widening = 6m 
length of the river widening = 400m 

 

upper reach (3.9 ‰) 0.07 0.29 
middle reach (1.6 ‰) 0.03 0.18 
lower reach (0.7 ‰) 0.01 0.18 

 

Table 4.6. Upstream range of the effects of river widenings for a one hundred years flood at the Kamp River.  

Upstream range of the effects of river widenings [m] 
  

scenario 1 
 

width of the river widening = 2m 
length of the river widening = 100m 
 

 

scenario 2 
 

width of the river widening = 6m 
length of the river widening = 400m 

 

upper reach (3.9 ‰) 150 250 
middle reach (1.6 ‰) 450 1000 
lower reach (0.7 ‰) >1000 >1000 

 
This also means that the effectiveness of a measure in terms of local flood protection strongly depends on the location of 
the settlement. For example, settlements of upper reaches with high slopes that are situated far away from the measure 
may experience no positive effects, whereas near settlements will benefit.  
Another study at the Kamp River showed the effects of dyke-shifting (Habersack & Hauer, 2007). The results for the 
changes in water surface level are illustrated in Figure 4.15. The more the dyke is displaced away from the river bank the 
greater is the effect on drawdown of the water surface level.  
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This parameter is included into the FEM+ by using the results of the water surface level changes of two-dimensional 
depth-averaged hydrodynamic numerical modelling or by expertise in consideration of the location of the nearby 
settlements.  
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Figure 4.15. Percentagewise decrease of the water surface level due to different distances between dyke and channel bank station for a one 
hundred years flood of the Kamp River.  

 

4.1.3.2 Flow velocities 

Every measure that changes the flow velocities towards natural conditions can be seen as positive as long as no bridge 
foundations or other man-made structures are threatened. Results of two-dimensional depth-averaged hydrodynamic 
numerical modelling can serve as basis for the evaluation of this FEM+ parameter.  
The effects of dyke-shifting on the flow velocities are illustrated in Figure 4.16 (Habersack & Hauer, 2007).  
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Figure 4.16. Percentagewise decrease of flow velocity due to different distances between dyke and channel bank station for a one hundred years 
flood of the Kamp River.  
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4.1.3.3 Bottom shear stresses 

The evaluation of this FEM parameter strongly depends on the relation between the modelled (expected) shear stresses 
and the critical shear stress indicating if sediment transport takes place or not. If local erosion (e.g. in reaches with 
undesired sediment depositions) is wanted, high shear stresses are rated positively. In contrast, low shear stresses are 
favourable for reaches that show incision tendencies. This also includes that the evaluation has to be done site-specific.  
Figure 4.17 shows the effects of dyke-shifting on bottom shear stresses (Habersack & Hauer, 2007).  
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Figure 4.17. Percentagewise decrease of bottom shear stresses due to different distances between dyke and channel bank station for a one 
hundred years flood of the Kamp River.  

 

4.1.3.4 Specific discharge 

This FEM parameter evaluates the contribution of floodplains to the overall discharge. Therefore the bankfull discharge 
(Qbankfull [m

3s-1]) as well as the specific discharge (total discharge in relation to the top width [m2s-1]) of every cross-
section / river kilometre must be determined by the means of hydrodynamic numerical modelling. In a first step the 
bankfull discharge of each cross-section / river kilometre is compared to the design discharge. Cross-sections that show 
higher values for bankfull discharge than design discharge are rated as low priority because their floodplains do not 
contribute to the total discharge (see example in Figure 4.18).  
In a second step, the specific discharge of each cross-section (qcross-section [m2s-1]) is compared with the mean specific 
discharge of the whole reach (qreach [m

2s-1]). If the specific discharge of a cross-section is lower than the mean specific 
discharge of the reach the cross-section will be rated as high priority, because relatively large floodplains contribute to the 
total discharge. If it is above the mean specific discharge it is rated as medium priority. See example in Figure 4.19. The 
evaluation scheme is summarized in Table 4.7.  
 

Table 4.7. Evaluation scheme for the specific discharge (q).  

Evaluation of the specific discharge (q) 
 FEM-ranking 

Qbankfull > design discharge low priority 
qcross-section > qreach medium priority  
qcross-section < qreach top priority  
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Figure 4.18. Comparison of bankfull discharges of each cross-section with the design discharge (HQ100). Red marked cross-sections are rated 
as low priority. Modelling results of the Kamp River, upper reach (Thurnberg – Rosenburg).  
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Figure 4.19. Comparison of specific discharges of each cross-section with the mean specific discharge of the reach. Modelling results of the 
Kamp River, upper reach (Thurnberg – Rosenburg).  
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4.1.4 Case Studies 

4.1.4.1 Kamp River 

Presenting the Kamp River as case study for implementing the FEM-hydromorphology classification following findings 
can be highlighted. As described in the study reach chapter the Kamp River features some major impact on hydrology and 
river morphology through three large hydropower plants situated 93.4 - 82.6 km upstream the mouth. Therefore the 
presented investigated reach was defined downstream of the last concrete dam (Thurnberg reservoir) considering those 
anthropogenic impacts (Figure 4.20). Based on the new approach for classifying and evaluating flood water retention in 
river systems (FEM-method) a pre-selection of river stretches, which contain similar floodwater characteristics, has to be 
done. Those similarities are only found within reaches that are not heavily influenced by major tributaries during a flood 
event. Hence, the 82.6 km river reach had to be divided into two stretches (33.06 km = reach 1 / 49.5 km = reach 2) due 
to the fact, that the Taffa River discharges more than 10% of recorded data (gauging station Stiefern) into the Kamp River 
during flood events (e.g. flood 2002: 100 m3s-1 Taffa River / 804 m3s-1 gauging station Stiefern). Based on valley 
morphology (geology, valley extend) reach 2 was further subdivided into reach 2.1 (21.9 km) and reach 2.2 (28 km) for 
evaluating hydromorphological impacts on flood water retention.  
 
 

 
 

Figure 4.20. Investigated area of the Kamp River catchment downstream of Thurnberg Reservoir featuring different modelling reaches; 
further FEM-hydromorphology evaluation results are depicted for the one hundred years (HQ100) and the thirty years (HQ30) event for 
standardised flood peak retention (∆Q/km) and flood wave translation (∆t/km). 
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A one hundred years event (HQ100) and thirty years event (HQ30) were taken for analysis (see also flood hazard zonation 
plan given in Figure 4.21). The flood waves and their downstream development (retention, translation) are not based on 
measured data (only one gauging station within the study reach, Figure 4.20). The evaluation is done by using two-
dimensional depth-averaged unsteady hydrodynamic numerical modelling. Within the model, which provides high quality 
DTM characteristics (336,015 points = reach 1 / 48,429 points = reach 2), several artificial gauging stations (n = 12 / 
reach 1; n = 20 / reach 2) were set. Flood waves used as modelling input for reach 1 and reach 2 (HQ100, HQ30) were 
developed using Gumbel-statistics.  
 
 

 
 

Figure 4.21. Flood hazard map of the Kamp River (flowing from the north-west to the south) (source: ARGE Kamp).   
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In Figure 4.22 the modelling results for a one hundred years event are presented for reach 1. It is obvious that the flood 
peak increases (∆Q = 12 m3s-1) within this stretch caused by 5 tributaries. Further that the simulated flood wave passes 
quickly through this reach only taking one hour for a 33.06 km distance. This short time period is mainly related to the 
steeper slope (0.004 – 0.008) within this section. Hence, according to the FEM-hydromorphology-scheme, reach 1 is 
classified as “low priority” for flood water retention. River reach 2 features peak flow reduction of -1.88 m3s-1/km on the 
whole 49.5 km investigated section (Figure 4.20, Figure 4.23). As defined in the FEM-methods sub-reaches (2.1; 2.2) 
have to be compared towards quantified retention (∆Q) and translation (∆t) of the superior section (reach 2). Therefore 
sub-reach 2.1 is evaluated as “low priority” for flood water retention caused by the fact that based on several tributaries (n 
= 13) the flood peak of a one hundred years event increases (∆Q = +29 m3s-1) and that flood wave translation is lower 
than the average translation documented for reach 2 (∆t/km = 0.18 h < ∆t/km = 0.57 h).  
 

      
Figure 4.22. Modelling results (HQ100) for reach 1. 

Figure 4.23. Flood wave translation and peak flow reduction for entire reach 2 showing the different geomorphological impacts on flood wave 
development caused by sub-reach 2.1 and sub-reach 2.2. 

 
Totally different evaluation results are found for modelling of a one hundred years event within sub-reach 2.2. The 
standardised peak flow reduction (∆Q/km = -4.37 m3s-1) is far below the average peak reduction for entire reach 2 
(∆Q/km = -1.88 m3s-1) as well as flood wave translation is additionally extended ∆t/km = 0.75 h (reach 2: ∆t/km = 0.51 
h). In total, peak flow reduction of ∆Q = -122.34 m3s-1 and flood wave translation of ∆t = 21 h (Figure 6b) is documented 
for the Lower Kamp River (sub-reach 2.2), which features lower bed slope (0.0007) and larger possible extents for 
extreme floods based on the alluvial system (Tullner field) formed by the Danube during the last ice age. Related to these 
modelling results sub-reach 2.2 was evaluated for having “high priority” for flood water retention. Similar evaluation 
results were found for the thirty years (HQ30) event related to the different stretches. Reach 1 features an increase of ∆Q = 
8.56 m3s-1 for peak flow as well as a short time period for the peak flow (∆t = 2 h) reaching towards the mouth of the 
Taffa River. Once more “low priority” was defined for this first investigated river stretch featuring pronounced valley 
meanders (Figure 4.20). On its 49.5 km of total length river reach 2 contains an overall flood water retention of ∆Q = -
12.02 m3s-1 (∆Q/km = 0.24 m3s-1) and translation of ∆t = 20 h (∆t/km = 0.4 h) for the modelled thirty years event. 
Compared to those characteristics sub-reach 2.1 (∆Q/km = +0.85 m3s-1 / ∆t/km = 0.13 h) was classified as “low priority” 
again (Figure 5) as well as the “high priority” status of sub-reach 2.2 (∆Q/km = -1.40 m3s-1 / ∆t/km = 0.78 h) could be 
seen once more. In case of modelling this thirty years flood the benefits of floodplains in the Lower Kamp River reach 
were not as clear as they were documented for the HQ100 unsteady simulations. This is caused by the fact, that along the 
Lower Kamp River (starting 30 km upstream the mouth) several flood protection dams exists, whereby some of them are 
really close to the river itself (several meters), protecting agriculture land use of flooding (design discharge HQ8). Hence, 
the flooding of a HQ30, which are less in volume and temporal extend compared to the one hundred years flood, do not 
have the possibility to expand into the floodplains as much as it would be possible without dams. Based on this, 
documented peak reduction was not as high as it could be seen for the one hundred years event. 
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4.1.4.2 Danube River 

 
Floods with recurrence intervals of one hundred years (HQ100) and 10-years (HQ10) were selected as case studies for the 
FEM application in the Austrian Danube River basin (see Figure 4.24). The Austrian Danube section was sub-divided 
into three different reaches containing furthermore secondary sub-reaches (see Figure 4.25). Reach definition was 
selected regarding major tributaries and various geomorphological settings (geology, floodplain width). Entering Austrian 
state territory in Passau (right river bank - with the related gauging station Achleiten) the first Danube reach was defined 
from the border to the Upper Austrian capital Linz (total distance 88 km). Within this reach, 4 sub-reaches (1.1 – 1.4) 
were highlighted and analysed in the PRO_Floodplain studies for the one hundred years and 10-years events. In August 
2002 a peak flow increase in total (∆Q = +278 m3s-1) and average (∆Q/km = +3.17 m3s-1) was recorded for the one 
hundred years flood (7392 m3s-1 at gauging station Achleiten) along the 88 km downstream distance. Compared to the 
overall (reach 1) differences in peak flow, downstream developments were evaluated for the four sub-reaches: 1.1 
Achleiten - Engelhartszell (23 km), 1.2 Engelhartszell – Aschach/Agentie (40 km), 1.3 Aschach/Agentie – Wilhering (16 
km) and 1.4 Wilhering – Linz (9 km). The first analysed section (Achleiten – Engelhartszell) contained an increase of 
∆Q/km = 2.16 m3s-1 by several tributaries. Following on, the downstream stretch featured an increase of peak discharge 
∆Q/km = 3.63 m3s-1 as well as the third Danube sub-reach (1.3 Aschach/Agentie – Wilhering) with additionally ∆Q/km = 
5.67 m3s-1. Only sub-reach 1.4, which includes major former floodplain areas, as the so called “Eferdinger Becken”, 
documented a decrease in the average peak discharge concerning to the investigated length (9 km). 
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Figure 4.24. Recorded flood discharges along the Danube gauges in Austria containing a ten-year flood in March (1st wave) and a one hundred 
years event in August 2002 (2nd wave). 
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Figure 4.25. The Austrian Danube (flowing from West to East) divided into three reaches. Two major floodplains and their impact on a one 
hundred years flood are given exemplarily.  
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Different results than for peak flow reduction (the first hydro-morphological parameter evaluated in FEM) could be found 
for flood wave translation (second parameter in hydro-morphological FEM). Temporal changes in downstream flood 
wave development were documented as being higher than the average (∆t = 0.05 h / total reach 1) for the first (∆t = 
0.09 h) and third sub-reach (∆t = 0.25 h). Recorded data between Engelhartszell and Aschach/Agentie (sub-reach 2.2) 
exhibited an equal result for ∆t= 0.05 h, compared to the total investigated section (reach 1). Contrary to the effects on 
peak flow the fourth sub-section contained a decrease in temporal downstream flood wave translation. The evaluation 
results related to the FEM-methodology (5 = high priority, 3 = moderate priority, 1 = low priority) are found in Table 4.8. 
Hence, related to the presented results (peak flow reduction / flood wave translation), the first sub-reach (1.1) was 
evaluated as “moderate priority” (3) concerning flood peak reduction and “low priority” (1) for flood wave translation. 
The Danube between Engelhartszell and Aschach/Agentie (1.2) was evaluated as “low priority” (1) related to peak flow 
reduction and “moderate priority” (3) for flood wave translation, which exhibits similarities to the third sub-reach 
(Aschach/Agentie – Wilhering) by having “low priority” (1) for peak flow reduction and, found as difference compared 
to sub-reach 1.2, “high priority” (5) for flood wave translation. The fourth sub-reach (1.4. Wilhering – Linz) was 
evaluated as having positive effects on flood peak reduction (“high priority”) but non on flood wave translation. 
Therefore the “Eferdinger Becken” in its present geomorphological shape (anthropogenic impacts considered), set in 
relations to the aims of hydromorphological floodplain evaluation, can been seen as an important Danube reach for flood 
retention (∆Q/km).  
 
 

Table 4.8. Results for peak reduction (∆Q/km) and prolongation of the wave translation (∆t/km) for the three reaches of the Austrian Danube 
and its sub-reaches at HQ100.  

Reach 1 (Achleiten – Linz) 
FEM 

> 3.17 1    
FEM 

> 0.05 5 
 ∆Q/km = 3.17 m3s-1 0 – 3.17 3  ∆t/km = 0.05 h 0 – 0.05 3 
   < 0 5    < 0 1 
sub-reach            

1.1 ∆Q/km = 2.16 m3s-1   3  ∆t/km = 0.09 h   5 
1.2 ∆Q/km = 3.63 m3s-1   1  ∆t/km = 0.05 h   3 
1.3 ∆Q/km = 5.67 m3s-1   1  ∆t/km = 0.25 h   5 
1.4 ∆Q/km = -0.79 m3s-1   5  ∆t/km = -0.45 h   1 

 
Reach 2 (Linz – Melk) 

FEM 
> 36.60 1    

FEM 
> 0.07 5 

 ∆Q/km = 36.60 m3s-1 0 –  3  ∆t/km = 0.07 h 0 – 0.07 3 
   < 0 5    < 0 1 
sub-reach            

2.1 ∆Q/km =  117.68 m3s-1   1  ∆t/km = -0.17 h   1 
2.2 ∆Q/km = 8.89 m3s-1   3  ∆t/km = 0.47 h   5 
2.3 ∆Q/km = -0.54 m3s-1   5  ∆t/km = -0.10 h   1 
2.4 ∆Q/km = 22.40 m3s-1   3  ∆t/km = -0.09 h   1 

 
Reach 3 (Melk – Wildungsmauer) 

FEM 
> 0 1    

FEM 
> 0.26 5 

 ∆Q/km = -7.71 m3s-1 -7.71 – 0 3  ∆t/km = 0.26 h 0 – 0.26 3 
   < -7.71 5    < 0 1 
sub-reach            

3.1 ∆Q/km = -0.27 m3s-1   3  ∆t/km = 0.24 h   3 
3.2 ∆Q/km = -2.41 m3s-1   3  ∆t/km = 0.20 h   3 
3.3 ∆Q/km = -27.41 m3s-1   5  ∆t/km = 0.85 h   5 
3.4 ∆Q/km = -67.20 m3s-1   5  ∆t/km = 0.77 h   5 
3.5 ∆Q/km = -2.50 m3s-1   3  ∆t/km = -0.02 h   1 
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The second major Danube reach was defined, within the PRO_Floodplain project, between Linz and the gauging station 
of Melk (length: 99 km). Furthermore, selecting the one hundred years flood in August 2002 (7670 m3s-1 gauging station 
Linz), an increase of average peak flow related to the total length was documented (∆Q/km = +36.60 m3s-1). Especially 
the Traun River, as major tributary, was responsible for the distinct increase in peak flow. The mouth of the Traun River 
is found in the first, out of four sub-reaches, identified within the total downstream distance between Linz and Melk. The 
length of the four sub-reaches (2.1 – 2.4) varies between 20 km and 34 km. The first sub-reach 2.1 (Linz – Mauthausen) 
showed a pronounced increase in standardised peak flow (∆Q/km = +117.69 m3s-1) caused, as it was already mentioned, 
by the Traun River. In downstream direction no other similar major impact on flood hydrology was documented. Sub-
reach 2.2 (Mauthausen – Grein) contained an increase of standardised peak flow by ∆Q/km = +8.89 m3s-1, being 
significantly below the average of ∆Q/km = +36.60 m3s-1. The third sub-reach (2.3), situated between the gauges of Grein 
and Ybbs, was found as an area contributing to peak flow reduction (∆Q/km = -0.54 m3s-1), whereas the fourth sub-reach 
(Ybbs-Melk) featured an increase by ∆Q/km = +22.40 m3s-1 once more. Positive impacts on flood wave translation (∆t) 
were only documented for the second sub-reach (2.2), located between Mauthausen and Grein. The prolonging of time for 
downstream peak movement (∆t/km = 0.47 h) was obviously above the average as documented for the entire reach 2 
(∆t/km = 0.07 h) and much higher than it was recorded for the other different sub-reaches: sub-reach 2.1 (∆t/km = -0.17 
h), sub-reach 2.2 (∆t/km = -0.10 h) and sub-reach 2.4 (∆t/km = -0.09 h). Presented in an overall FEM evaluation (peak 
flow reduction, flood wave translation) sub-reach 2.2 achieved the highest effectiveness related to the one hundred years 
flood in August 2002 (moderate priority for peak flow reduction (3), high priority for flood wave translation (5)). Sub-
reach 2.3 (Grein-Ybbs) was found to be ranked on second position, related to the FEM parameters peak reduction (“high 
priority” (5)) and flood wave translation (“low priority” (1)). Additionally the sub-reaches 2.1 and 2.2 were evaluated as 
having “low-” to “moderate priority” on the one hundred years flood, which was recorded in summer 2002.   
The remaining Danube reach till the Slovakian border, specified as reach 3, was sub-divided into five sections (3.1 – 3.5). 
The first stretch (3.1) was set between the gauges Melk and Kienstock containing 21 kilometres length, which are 15 % 
related to the entire reach (141 km). Further Kienstock – Bärndorf (39 km), Bärndorf – Greifenstein (28 km), Greifenstein 
– Korneuburg (1 km) and Korneuburg – Wildungsmauer (52 km) were selected as subordinate sections. At first, an 
overall standardised peak flow reduction (∆Q/km = -7.71 m3s-1) was documented for the whole reach 3 (141 km). These 
preliminary results showed, that within this stretch major floodplain areas must have been inundated during the 2002 
event, causing significantly higher impact on peak flow reduction as well as on flood wave translation (∆t/km = 0.26 h) 
compared to both other presented reaches (Achleiten – Linz; Linz – Melk). Contributions to these positive retention 
effects were especially documented in sub-reach 3.3 (Bärndorf – Greifenstein) and 3.4 (Greifenstein – Korneuburg), 
which spatially include the so called “Tullner Feld”. For this largest basin along the Austria Danube, standardised peak 
flow reduction was recorded as ∆Q/km =-27.41 m3s-1 respectively ∆Q/km = -67.20 m3s-1 (sub-reach 3.3 and sub-reach 
3.4). Minor peak flow reduction was documented for the remaining three sub-reaches featuring ∆Q/km = -0.27 m3s-1 
(sub-reach 3.1), ∆Q/km = -2.41 m3s-1 (sub-reach 3.2) and ∆Q/km = -2.50 m3s-1 (sub-reach 3.5). Similar to the results in 
peak flow reduction were the effects on flood wave translation. The “Tullner Field”, including the spatial extents of the 
gauging stations Bärndorf – Korneuburg (29 km), exhibited superior positive effects (in the sense of time lag) by 
standardised values of ∆t/km = 0.85 h (sub-reach 3.3) and ∆t/km = 0.77 h (sub-reach 3.4). Additionally, minor 
improvements were documented for the Danube between Melk - Kienstock (sub-reach 3.1) and Kienstock – Bärndorf 
(sub-reach 3.2). Interestingly, the Donau-Auen National Park contained an acceleration of the 2002 flood wave, passing 
through this section, by a standardised translation parameter of ∆t/km = -0.22 h. According to the FEM methodology the 
“Tullner Feld” (compare the flood zones along the Danube in Lower Austria in Figure 4.26) was evaluated as having 
“high priority” (5) on peak flow reduction as well as on flood wave translation. Further both hydrological parameters 
were equally evaluated for the sub-reaches 3.1 (Melk – Kienstock) and 3.2 (Kienstock – Bärndorf) containing “moderate 
priority” (3). Finally the Danube reach close to the Slovakian border (sub-reach 3.5) showed “moderate priority” for peak 
flow reduction and “low priority” concerning flood wave translation for the one hundred years event.  
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Figure 4.26. Flood zone map of the Danube in Lower Austria (flowing from the west to the east). Areas with inundations at a thirty years flood 
are hatched light blue, areas with inundations at a one hundred years flood are hatched dark blue.  

 
 
Taking a ten years flood into FEM classification, some of the sub-reaches were evaluated contrary to the one hundred 
years flood. Especially Danube basins like the “Eferdinger Becken” or the “Tullner Feld” (sub-reach 3.4) contained “low 
priority” for peak flow reduction (HQ10) instead of “high priority” documented for the one hundred years event. Within 
reach 1 (Achleiten – Linz) only sub-reach 1.2 featured a remaining “medium priority” on flood peak reduction by ∆Q/km 
= +6.17 m3s-1 compared to an average value of ∆Q/km = +7.54 m3s-1 for the whole presented reach. All other sub-reaches 
were evaluated as having “low priority” for this discharge related parameter ∆Q/km: +7.72 m3s-1 (sub-reach 1.1); +8.43 
m3s-1 (sub-reach 1.3); +12.34 m3s-1 1 (sub-reach 1.4)). Flood wave translation (∆t/km) was classified in most cases as it 
was done for the one hundred years event, exceptional sub-reach 1.1 (Achleiten – Engelhartszell), which exhibited only 
“moderate priority” (3) for the ten-year flood compared to “high priority” (5) for the recorded data in August 2002. 
Interestingly both events, which were taken into analysis (HQ100, HQ10), showed equally average flood wave translation 
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(∆t/km = 0.05 h) for the whole reach (88 km). Whereas the range in values (n = 4) was obviously higher for the one 
hundred years (∆t/km: -0.45 / 0.25 h) than for the ten years flood (-0.11 / 0.13 h). The Danube between Linz and Melk, 
subdivided into four reaches, featured more similarities between HQ10 and HQ100 for the impact of floodplains on peak 
flow reduction than on flood wave translation. Without the exception of an increase in effectiveness (up to 5) for sub-
reach 2.2 (Mauthausen - Grein) and a decrease in effectiveness (lowered to 3) for sub-reach 2.3 (Grein – Ybbs) the 
presented study sites were similarly evaluated for the ten years flood. However, the increase in peak flow (∆Q/km = 
+19.40 m3s-1) by several tributaries was much lower than for the flood in August 2002 (∆Q/km = +36.60 m3s-1). 
Presenting the FEM evaluation results for flood wave translation through the reaches, the sub-sections (2.1- 2.4) within 
reach 2 exhibited more positive impact on the ten years flood than on the one hundred years event. “Moderate priority” 
instead of “low priority” was now documented for sub-reach 2.1 (Linz – Mauthausen) and 2.4 (Ybbs – Melk) using HQ10 
gauging data. No improvement in effectiveness, related to flood wave translation, was found for the Danube between 
Grein and Ybbs and additionally “high priority” documented once more for the “Machland” (sub-reach 2.2).  
The last presented Danube section, between Melk and Wildungsmauer (5 sub-reaches), featured an evident decrease in 
effectiveness related to peak flow reduction. Three sub-reaches, which were evaluated for having “moderate” (3.1 and 
3.2) and “high priority” (3.4) on peak flow reduction (HQ100), could not be evaluated as having important impacts on 
peak reduction (“low priority”) for a ten years flood. Contrary, the Donau-Auen National Park (3.5) was evaluated as 
having “high priority” based on recorded peak flow reduction of ∆t/km = -4.75 m3s-1 (reach 3 total: ∆t/km = -0.63 h). 
Further, the effectiveness on flood wave translation was evaluated as “high priority” (contrary to the one hundred years 
flood), because standardised flood wave translation ∆t/km = 0.23 h was calculated as being higher than the average of 
∆t/km = 0.13 h. Furthermore, it could be found for the entire reach 3 (including the “Tullner Feld” floodplains), like it 
was presented for reach 1, that peak flow reduction is not evident and/or as distinctive for the ten-years flood than for the 
one hundred years event. This is caused by the fact that along the Austrian Danube (other large Rivers as well) multiple 
land use and geomorphic differences exist and various anthropogenic impacts are found within the floodplains. Mainly 
diking (hydropower plants / flood protection) is now responsible for preventing the natural flooding (especially events 
with lower recurrence intervals) into former floodplains, side channels, oxbow lakes etc.  
However, the results of this priority ranking have to be compared in future with a FEM analysis based on hydrodynamic 
numerical modelling.  
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4.1.4.3 March 

 
Due to the ongoing and intensive public discussion (including bilateral discussions between Austria and Slovakia) on 
structural and non-structural measures, the FEM application for the March River is not published within the results of the 
final PRO-Floodplain report. The hydrological and hydraulic evaluations showed that the FEM methodology is totally 
applicable to the March River. Furthermore the results exhibited, that the integrative approach of a combined evaluation 
of hydro-morphological, ecological and sociological aspects leads to an objective basis for decision making. A 
comparison of controlled and uncontrolled inundations (steered polders vs. flowing retention) has been made.  
 
The analysis showed that – according to the new flood directive – a simultaneous inclusion of inundation areas on both 
sides (Austria, Slovakia) is appropriate for successful flood risk reduction by floodplain inundation.  
 

 
 

Figure 4.27. Possible inundation areas along the Austrian March River (source: riocom). 
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4.2 Ecology 

 
In chapter 4.2.1 the impacts of floodplain enlargements on floodplain ecology, their habitats and biocoenos as well as on 
the river itself are presented. The findings will be supported by the results of hydrodynamic numerical modelling, 
comparing the hydraulic effects of non-technical and technical flood protection measures. At the end of this chapter the 
advantages/disadvantages of technical and non-technical solutions concerning floodplain enlargements are discussed in 
context to the aims of the EU-Water Framework Directive. The implementation of ecological aspects into the Floodplain 
Evaluation Matrix, applied at two different case studies, will be presented in chapter 4.2.2. 
 
Chapter 4.2.3. provides a description of implementing ecological aspects into the FEM for the study areas. Geographic 
Information Systems (GIS) are an integral part of today’s spatial planning. The aim of the Floodplain Evaluation Matrix 
(FEM) is to find areas that are suitable for floodplain restoration. With the help of the functionalities of GIS, spatial data 
can be gathered, combined, analysed and evaluated. It is thus possible to differentiate between areas that are appropriate 
for natural flooding and those who are not. If spatial data (biotic and abiotic) for a given area is available, it can be used 
to assess its suitability for floodplain restoration. 
 

� Historic changes 
 
Since mankind exists, people are using the highly productive floodplains of rivers. However, despite of smaller 
impacts on the river course, it was during the last 200 years that heavy impacts (e.g. rectifications) were made and 
floodplain areas were separated from the main active channel. Subsequently floodplain habitats were destroyed and 
former inundation areas were increasingly covered with settlements. Today numerous former floodplains are 
drained for agricultural uses, industrial and other public interests. The building of dykes has decreased the flood risk 
along these stretches but mostly increased considerably downstream. On the Upper Rhine approx. 130 km² of 
floodplains were lost since 1955 and the same area of flood protection area correspondingly. Furthermore, flood 
waves are flowing much faster today and can thereby overlap with flood waves of tributaries so that their amplitude 
is greater as well. Floodplains and their habitats are destroyed moreover by gravel and sand digging and 
uncontrolled recreational pressure of all kinds. Even modern forestry contributes to the destruction of typical 
habitats: monotonous poplar plantations replace species-rich natural hardwood forests. As a result the highly 
specialised fauna of oaks and other native plant species loses its natural habitat, e. g. rare birds like the middle 
spotted woodpecker (Dendrocopus medius) or protected insects like the great capricorn beetle (Cerambyx cerdo). 
Regarding this long history of changes it must be noted that Central European rivers have strongly changed, so that 
there are very few natural or near-natural rivers left. These changes like channel rectification, channel relocation, 
bank protection, building of reservoirs or channel bed incision have drastic impacts not only on the river but also on 
the adjacent floodplains. Habitats and biocenosis have adjusted to the new circumstances. This is the reason why 
floodplain enlargements will not automatically produce the original conditions, not in the floodplain neither in the 
river. Dependent on the anthropogenic changes of the river system and further effects, some floodplain functions are 
therefore very difficult to reconstitute or might only be reconstituted in some parts. This applies for example to 
reaches where the ground-water level has sunk several metres by channel bed incision. It is even possible that some 
floodplain functions are lost irreversible and can not be retained (e.g. landscapes with subsidence caused by mining) 
(cp. Quick & Brunotte, 2006). Thus, the reconnection of floodplains always must be planned under the given 
conditions today. 
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4.2.1 Technical and non-technical measures for floodplain enlargements and 
their impacts on ecology 

 

� Impact of the floodplain cut-off  
 

When a floodplain is separated from the river by a new dyke, one of the determining habitat parameter is lost: the 
inundation. In the beginning the cut-off floodplain still features the relief, the soil, the water bodies, the groundwater 
influence and the species inventory of the former connected floodplain. Over the years, all these parameters change 
more or less and develop towards to terrestrial habitat systems. Caused by the segregation and the lost influence of 
inundations the biocenosis changes gradually towards terrestrial conditions with river and floodplain species 
decreasing. The groundwater conditions will decide about the orientation of the future habitats (terrestrial or fen 
character). These changes will go on even with no (further) human interference. 
Depending on the duration of the cut-off situation the development has progresses accordingly. Water bodies of the 
floodplain, which are separated from the river, begin to accumulate sediments changing their biology within a few 
years as well as their species inventory. Special habitats, like disturbed locations without vegetation, will cover with 
vegetation within one year and not form again. Steep banks – the nesting sites for kingfishers and other birds and 
insects – will collapse and cover with vegetation. Moreover as a rule the land use and the intensity of human use 
will change in cut-off floodplains, so that even more habitats will be lost. Buildings and other infrastructure will 
intensify the fragmentation of the floodplain and often cause landfill. All those different technical interventions will 
considerable change the abiotic and biotic parameters of the former floodplain. 

 
 

� The reconnection 
 

The reconnection of a cut-off floodplain will interrupt the described development after a period of separation on a 
different length for every area. Hence, the changes and the development towards conditions without inundation are 
different in every cut-off floodplain. The intensity of human use and further changes in the area might differ very 
much as well. In a most extreme case the former floodplain is completely covered by buildings and traffic routes, so 
that a reconnection makes no sense at all. As a conclusion, it must be considered that former floodplains may differ 
in many principal aspects and every reconnection measure meets a different area with a different past and different 
settings and ecological conditions. 
After the reconnection, the changes and anthropogenic influences on the river and on the floodplain will continue 
and some even will persist, especially those concerning the river (navigation, reservoirs, channel bed erosion etc.). 
The potential of a floodplain area to become natural (or near-natural) is therefore very different (exemplarily the 
investigations “Auenmod” in 2002, “Auenret” in 2005 and “RetNet" in 2007” in Rhineland-Palatine, Germany are 
pointed out, which were concerned with finding flood retention areas at different watercourses). 
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� Comparison of non-technical and technical measures 
 

The non-technical flood protection measure, in form of lateral dyke shifting, enables a complete connection with the 
water level dynamics of the river. With a complete removal of the old dyke down to the level of the surrounding 
topography the flood water may again flow unhindered into the floodplain and out of it depending only on the water 
level in the river. The hydrodynamic-numerical modelling for the retention area “Bellenkopf-Rappenwört“ has 
shown that this complete removal is not absolute necessary. If the deepest topographic parts, which are mostly 
formed by cut-off water bodies or flood channels, are connected broadly and on bed surface level, these hydraulic 
connections are sufficient to regain approximately the same ecological conditions as with a complete dyke removal. 
However, the individual geometry and its position in relation to the river are also very important. The hydrodynamic 
numerical modelling showed furthermore, that by reducing the dyke-openings bit by bit the resulting hydraulic 
conditions in the floodplain converge more and more to those resulting of intake buildings – the technical solution. 
The essential hydraulic parameters of inundations are though definitely reduced by shrinking the dyke-openings, this 
leads to negative consequences for habitats and organisms. 
 
With a reduced width of the dyke-openings the discharge, which flows through into the floodplain, is reduced as 
well. Technical polder solutions have further restrictions because of the hydraulic control system. The flow-through 
determines the water exchange rate between floodplain and river and the oxygen content of the floodwater, which 
increases normally with "fresh" river water. The oxygen content of the floodwater is one of the most essential 
factors for the survival of flooded organisms, whether insect or tree. Several adaptation strategies of trees to hypoxic 
conditions in the root space due to inundation are well known and realised in different species (Crawford 1982, 
Dister 1983, Gill 1970, Naiman 2001, Worbes 1986): 
• direct taking up of oxygen by the roots from the surrounding water (e. g. Salix-species) 
• air transport systems formed in the lenticels of the cork surface (e. g. Alnus-species) 
• more or less pronounced cambial dormancy 
• metabolism change of respiration to anaerobic pathways during the submersion phase 
The first two adaptations are strongly dependent on the oxygen content of the water. 
 
For example, the discharge flow-through of the case study “Bellenkopf-Rappenwört“ was computed to about 750 
m³s-1 using a complete dyke-relocation and water level of 5000 m³s-1 at gauge Maxau (Büro Ludwig 2004-2008). 
The flow-through was reduced to a value of 110 m³s-1 using the same water level and a polder solution. A further 
effect is the reduction of the flow velocity and subsequently of the flow variety. Areas with a sufficient flow velocity 
decrease and areas with stagnant water increase (see Figure 4.28 with an example of the case study 
“Bellenkopf/Rappenwört“). This is very important for all plants and submersed animals – flowing water does not 
heat up as does stagnant water, has higher oxygen content and permits thereby a higher survival rate. Ice (2008) 
states: “Stream temperature and the concentration of dissolved oxygen (DO) in water are important and traditional 
measures of water quality” which is not only true for the river itself but for the water bodies of flooded areas as well. 
From an ecological point of view it is fundamental to avoid stagnant water because this leads to death of trees, 
smaller plants and many submerged animals depending on the duration. Stagnant water bodies appear particularly 
along streets and rails where these structures have the effects of a dyke stopping the flow. There are also natural 
sedimentation forms at old river banks which can form flow obstacles. At natural rivers stagnant water bodies 
normally occur marginal near the terrace of an old floodplain. Nevertheless, in polder solutions the flow velocity 
decreases extensively with negative effects for all organisms (cp. Figure 4.28). 
 
Another negative impact of intake buildings is affecting the direct surroundings along the watercourse because 
hydraulic engineering measures at the bed and banks are mostly necessary to avoid damage by strong currents 
around the intake. Furthermore, short and fast rising flood waves do not have the opportunity to level as much out in 
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the floodplain if small intake buildings exist, so the inundation leads to a minor extension and lesser height of the 
water level in the inundated area. 
 
From an ecological point of view the planning of reserve retention areas, which will be opened only in case of actual 
danger for settlements or industry, is a very bad flood control solution. The actual planning for the study case 
“Hördter Rheinaue” considers this solution. The very rare inundations will have great ecological damages with even 
a total loss of the side specific tree vegetation. 

 

 
Figure 4.28. Computed comparison of flood height (upper row) and flow velocity (lower row) of the non-technical measure dyke relocation (on 
the left „Variante I“) and the technical measure polder (on the right „VarianteII“) in the case study Bellenkopf/Rappenwört (same discharge 
and topographic situation), (Source: RP Karlsruhe, 2007). 

Bellenkopf/Rappenwört: computed water levels for 
a non-controlled version of water retention 

Bellenkopf/Rappenwört: computed water levels for 
a controlled version of water retention (polder) 

Bellenkopf/Rappenwört: computed flow rate for 
a non-controlled version of water retention 

Bellenkopf/Rappenwört: computed flow rate for 
a controlled version of water retention (polder) 
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� Development after reconnection 
 

The first positive consequence of the floodplain enlargement by dyke relocation is the once again possible 
inundation. The floodwater connects the floodplain water bodies and leading to a connectivity between long 
separated parts. Individuals of different water organisms can exchange between separated populations or recolonise 
new regions. Some organisms, like fish species, benefit from the possibilities that are given by inundated meadows 
(e. g. spawning grounds, foraging possibilities). After the flood, remaining pools are habitats for amphibians as well 
as different insects and other arthropods. 
The flowing water, especially the higher flow velocities of non-technical reconnections, can induce erosion and 
sedimentation processes in river channel (main, secondary) and in overbank areas, which are important for the 
development of rare succession areas where highly specialised organisms find habitats. The morphology of the 
stream bed, the banks and the floodplain relief itself is positively influenced by sediment erosion / deposition 
processes (Seitz, 2006). 
 
If the new circumstances after the reconnection are favourable, some habitats can develop very quickly like the 
mentioned succession areas, which can re-establish already after the first flooding. Valuable morphological 
structures like steep bank cliffs, blank soil surfaces, gravel channel beds and gravel or sand banks depend on 
sufficient morphodynamics (e.g. reconnection of backwaters with the German Hase by relocation of the dyke as a 
trigger of dynamic processes. Remy, 2007; Blackwell & Maltby, 2006). Habitat specific organisms might follow 
quickly and recolonise these structures. This fact is approved by realised measures as for example the removal of 
banks near Rastatt-Plittersdorf, Germany. Within a short period typical ground beetles were found again on the re-
established shallow banks (NABU 2007). If ecological valuable floodplains exist upstream of the reconnected 
floodplain a so called “ray-effect” (German: “Strahlwirkung”) could positively stabilise the biocoenosis of the area 
with a supply of organisms that will be introduced with every flood. This will accelerate the recolonisation. On the 
other hand this could imply that, if there are no such regions upstream, the recolonisation may take longer (cp. DRL 
2008). Long-term monitoring of flora and fauna succession indicates that this is not true (cp. Dister et al., 1992; 
Hessisches Ministerium für Landesentwicklung, Wohnen, Landwirtschaft, Forsten und Naturschutz, 1994; 
Schneider, 1995; WWF-Auen-Institut, 1986). 
 
The potential of soil seed banks in floodplain soils is surprisingly high as own investigations showed (Dister et al., 
1992). The case study “Kühkopf-Knoblochsaue” in Germany is an excellent example for this. After the breach of a 
dyke in April 1983 about 400 hectares of former farmland and 300 hectares of forest were reconnected to the flood 
regime of the Rhine. The breakage was left open. Extensive succession studies showed that several endangered 
species of the dynamic floodplain appeared suddenly in big numbers. Some species have not been recorded in this 
region for more than hundred years. The change of coverage-values of different species over the years is illustrated 
in Figure 4.29 and shows that the development of the vegetation could not be predicted. 
 
In contrary to floodplain meadows, which could be developed in a few years and other habitats that recover rather 
quickly, typical floodplain forests need much more time for re-establishment. 
 
The overall development of a reconnected floodplain offers the possibility to regain all or at least many natural 
floodplain habitats over the years. It is an excellent way to combine flood protection and floodplain habitat 
renaturation in one project. 
 
 
 



 
 
 
 

CRUE FUNDING INITIATIVE ON FLOOD RISK MANAGEMENT RESEARCH  
 PRO_FLOODPLAIN  

 

   67 

 

 
Figure 4.29. Change of  coverage-values of different plant species over the years, case study Kühkopf-Knoblochsaue (source: WWF-Auen-
Institut, 2001). 

 
 

� River and reconnection of floodplains 
 

The reconnection of a floodplain induces not only changes in the floodplain itself but also in the river reach along 
the floodplain and there are even more changes to be expected for the downstream river and floodplain areas. 
Dependent on the kind of anthropogenic interferences and the intensity of use of the river, it is often difficult to 
improve the abiotic and biotic conditions of the river itself, the river bed or the river banks. The requirements of 
river navigation for example often interfere with measures even in the floodplains. The floodplain enlargement will 
nevertheless reduce the flow velocity, the bed erosion and the input of material in the river by widening the cross 
sectional profile. The reconnection of the floodplain with the river (and vice-versa!) has a lot more positive effects 
on the whole river-system because European rivers show more and more standardised living conditions. The 
connectivity of river and floodplain waters is an important feature for fish and many other water organisms, because 
the diversity of habitats along the river is thereby increased drastically. The connectivity of most water bodies and 
the river should therefore be unhindered possible from medium water levels up to flood levels. The abandonment of 
river utilisations or the replacement of artificial hydraulic structures would enhance and multiply the positive impact 
of a floodplain enlargement with morphological enhancements in the river as well. 
 
In general it can be observed that hydraulic and ecological effects of a measure might differ very much by 
depending on the position related to the river, the geometry and further influences at the river reach. The existing 
hydrodynamic numerical modelling of the case study “Bellenkopf/Rappenwört” at the German Upper Rhine has 
shown that technical (polder) and non-technical alternatives (dyke relocation) do fulfil the requirements of the flood 
protection. Especially in the range of extreme retention events the flood protection effect resembles each other 
because great retention areas need a relatively long time to fill (24 hours and more). 
 
The high value of intact (connected) floodplains for flood protection has been shown in the context of the joint 
research project PRO_Floodplain at Austrian river reaches as well as at the Upper Rhine, when flood waves were 
analysed along their way down the river at different stream gauges. One example of a flood wave occurring in the 
project time at the Rhine is shown in Figure 4.30. The fully connected floodplains (Rastatter floodplain in Germany 
and Munchhausen floodplain in France) between the three selected stream gauges reduced the peak of the flood 
wave in August 2007 (the second highest discharge of all recorded data at gauging station Rastatt-Plittersdorf) 
about 420 m³s-1. This reduction is an impressing example of the retention effect of the floodplains along the reach. 
 
The effectiveness of floodplain enlargements as non-technical measures regarding flood protection is therefore 
certainly given. For the ecological improvement of European floodplains the non-technical measure has to be 
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preferred because of the above described reasons. For the purpose of sustainable and efficient flood protection, in 
combination with ecological improvements, non-technical measures have to be propagated and applied all over 
Europe. 
 
The most important contribution to flood protection and floodplain habitat preservation is definitely the 
preservation of existing floodplains. These still connected areas provide natural retention for floodwater, the 
habitats are adjusted to inundations and human utilisation is more or less adapted to regular flooding. The 
preservation of connected floodplains should therefore be the most important objective of all flood protection 
measures and further planning. 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.30. Effect of fully connected floodplains on a flood wave in August 2007 between three selected stream gauges at the Rhine River. The 
reduction of the peak wave between Pegel Plittersdorf (Rhine-km 340.2; blue line), Pegel Lauterbourg (Rhine-km 349.3; red line) and Pegel 
Maxau (Rhine-km 362.3; green line) adds up to 420 m³s-1 on 22 km river reach length (source: WWF-Auen-Institut, 2008; changed HVZ, 
2007). 

 
Within a polder, exhibiting additionally agriculture use, different fertilizers might be found in high concentration 
rates, which are problematic for the whole floodplain-ecosystem.  
 
 

� Integration in the objectives of the EU Water Framework Directive 
 

What is the contribution of floodplain enlargements to the ecological objectives of the Water Framework Directive 
(WFD)? Is there a difference between non-technical and technical solutions of floodplain reconnection regarding the 
WFD? How can non-technical measures reconnecting floodplains help to achieve the ‘good ecological status? How 
relevant are floodplains for the WFD objectives and how should they be dealt within the WFD?  
 
According to the WFD all water bodies in the European Union should achieve good qualitative and quantitative 
status by 2015. To achieve this ”good ecological status” both the ecological status and the chemical status of a 
surface water body need to be at least ”good”. Artificial or heavily modified water bodies should achieve a “good 
ecological potential” (EU-WFWD 2000). The objectives for the floodplain protection are formulated in article 1 a): 
“prevents further deterioration and protects and enhances the status of aquatic ecosystems and, with regard to their 
water needs, terrestrial ecosystems and wetlands directly depending on the aquatic ecosystems”. The implementation 
of these objectives is governed by specific environmental objectives for surface waters, groundwaters and protection 
areas. The expression floodplain does not appear in the WFD itself but the mentioned sectors surface and 
groundwaters as well as ‘wetlands depending on aquatic ecosystems’ include floodplains in the synopsis of covered 
ecosystems (Korn et al., 2005). The protection of wetlands around water bodies is mandatory to achieve the good 
ecological status of the water body itself and necessary for the required biological quality today and in future.  
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There are no separate environmental objectives named for “terrestrial ecosystems and wetlands directly depending 
on the aquatic ecosystems” (see WFD CIS Guidance No 12, 2003)). Nevertheless, the wildlife wetlands that have 
been designated as NATURA2000 areas depending on the European Habitats and Birds Directives are directly 
related to the WFD: according to the WFD CIS Guidance No 12 (2003) these wetlands are favoured by the 
regulations of the WFD for the protection and enhancement of the water body status. NATURA2000 wildlife areas 
are often designated along of rivers and in floodplains (cp. Habitats-Directive, Birds-Directive; see e.g. Rumm et al., 
2006; Möckel, 2007). 
 
The environmental objectives of the WFD are closely related with the mostly theoretical (in central Europe!) 
reference point of pristine conditions, i.e. the absence of anthropogenic influence and a typical natural species 
inventory. For the validation of a “good ecological status” the ecological, biological, hydromorphological, chemical 
and chemical-physical quality parameters must achieve near-natural conditions with only a slight difference to the 
reference. According to Korn et al. (2005) the pristine condition is characterised by and dependent on the intensive 
interactions of river and floodplain: therefore the achievement of the good ecological status is significantly linked to 
the condition of the floodplain. 
 
The achievement of the environmental objective “good ecological potential” for heavily modified water bodies is 
also combined with the reference of best possible conditions regarding the biocenosis. For an ecological continuum 
along the river, the migration of fish and other animals has to be made possible and the access to the floodplain 
waters with spawning and feeding grounds has to be guaranteed by best possible connection (see connectivity 
parameter of the FEM). These organisms show the closely interweaved relations of floodplain and river in a 
descriptive way. Furthermore, floodplains regulate the development of phytoplankton and the nutrient and oxygen 
balance of the river. 
 
Results of monitoring programmes show that in many surface waters and related ecosystems a lot of sensible species 
are extinct; this applies to different species groups like fish, birds, many invertebrates and aquatic plants. As a 
consequence a lot of surface waters will not be able to achieve the required good ecological status. This derives from 
the fact that heavily human impacts of the past limit today’s situation with extensive hydraulic engineering 
influences existing along vast river reaches. The realisation of the WFD objectives will cost enormous sums up to 
billions of euros all over Europe. By combining the objectives of the WFD and the requirements of further flood 
protection it would be possible to use synergetic effects and save a lot of money. The reconnection of floodplains 
and especially the preserving of existing natural floodplains would contribute to both objectives in an outstanding 
way.  
 
The WFD objectives apply in the same way to the groundwater. Protection of floodplains and floodplain 
enlargement will considerably contribute to the achievement of a good ecological status here as well. According to 
the WFD CIS Guidance No 12 (2003) wetlands could contribute significantly to the groundwater accumulation and 
enhancement. 
 
Figure 4.31 recapitulates the types of ecosystems of a hydrologic catchment area that are relevant for the 
achievements of the WFD objectives respectively that are integrated in the wetlands definition of article 1 WFD (cp. 
WFD CIS Guidance No 12, 2003). 
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Figure 4.31. Ecosystems of a catchment area, that are relevant for the achievements of the WFD objectives (source: WFD CIS Guidance No 12, 
2003). 

 
 

4.2.2 Results of the investigations 

 

In this chapter, the results of the Floodplain Evaluation Matrix (FEM) concerning the ecological evaluation parameters 
are exemplarily presented for the German investigation areas “Bellenkopf/Rappenwört” and “Hördter Rheinaue”. 

For the selection of possible retention areas which could be used for the reconnection with the river and the flood-
dynamics of the river, certain preliminary considerations are necessary for the flood control as well as for the establishing 
of natural floodplain habitats. 

First of all, a certain “minimum area size” is important which depends on the considered water body size. Small dyke-
shifting areas are incomparably less effective from the ecological view than wide ones. Though many small measures add 
to a certain sum of floodwater retention, such measures are less interesting for natural or even near-natural floodplain 
habitats. Moreover, very narrow floodplain areas which stretch parallel along the river – if not a natural narrow valley or 
gorge situation is given – do not correspond with natural floodplains and their varied current and relief conditions. The 
flow velocities of these river stretches are very high, with a flooding concentrated on the narrow area between the dykes. 
The result is some kind of jet-effect, which might be critical for many organisms. 

For the pre-selection of adequate areas, floodplain stretches should be considered for reconnection that consists of an 
essential part of the morphological floodplain, i.e. of the maximum expansion of the former floodplain. Absolute figures 
cannot be given, because natural floodplains can range from a few tens of metres up to several kilometres, according to 
water body type and scale. The ideal case would apply to such floodplain stretches where the former floodplain can be 
integrated up to the terrace of an older floodplain into the reconnection and tributaries can flow unobstructed into the 
floodplain. This would achieve the greatest possible diversity of habitats and a new (artificial) dyke line would not be 
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necessary in those areas with sufficiently high marginal terraces. Beside financial savings, this situation would also 
reduce the interference with nature. 

Besides the potential suitability of a floodplain area, two further important factors should be included into the 
consideration:  

� geometrical factors of the position in relation to the river and  

� existing floodplain water bodies which decide about the floodwater inflow and spreading in the area.  

These both parameters determine essentially the flow conditions of the reconnected floodplain, which should not fall 
below certain threshold values. Therefore, the considered areas should extend in a first approximation at least as far along 
the river as they extend at right angles with the river, as shown in the yellow reconnection areas of Figure 4.32. It is 
important that a flow through the area is possible corresponding to the river and floodplain slope, which results in the 
necessary flow velocity. Unfavourable areas show a relatively short extent along the course of a river and stretch 
narrowly into the floodplain, as shown with the red reconnection areas of Figure 4.32. In this case the danger exists that 
floodwater flows in and out of the area on the same way, which leads to very low flow velocities or even to standing 
water conditions (stagnation). The floodplain areas should be selected furthermore in such a way that the existing water 
bodies facilitate the flooding of the area. The area should be filled as far as possible with the flow of the river and not by 
backwater and stagnant conditions. Side arms, former arms and the typical wide curved oxbow lakes should be included 
as a whole in the reconnection area and should not be interrupted by any kind of obstacles. 

The anthropogenic use is one of the most relevant and determining factors for the selection of possible floodplain areas 
and their possibility for reconnection. All areas, which are apparently used as settlements, commercial zones, harbour or 
industrial zones should not get into the pre-selection, unless reasonable possibilities already exist that the use will be 
given up, be limited or be changed at least floodplain-adequate. Also big traffic routes like highways and railway lines 
have to be reconsidered very carefully if and how they would disturb such a restoration measure and if they can be (re-
)moved. Only isolated single buildings, small traffic routes and small infrastructure facilities might be no exclusion 
criterion. For such small “disturbances” solutions can be found like removing, transferring, rebuilding or separate flood 
protection. There are e.g. villages and towns at the German Moselle River where people live with regular floods and on 
the northern Upper Rhine in Rhineland-Palatinate country house settlements were adapted to regular flooding. 

 

 
Figure 4.32. Schematic plan view of different floodplain reconnection geometries, that are adequate (yellow) or bad (red) because of different 
ecological reasons. 
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Large scale agricultural land use in potential floodplain areas constitutes no exclusion criterion for the pre-selection. 
Agriculture can be retained on higher elevated zones with certain restrictions but not in lower zones. Intensively 
agricultural used areas do not match floodplain habitats, however they can turn out as favourable flood protection and 
retention areas, particularly if they are public property. In this way it can be financially favourable to pursue flood 
protection on these areas and combine this with nature conservation and the re-establishment of rare or protected 
floodplain habitats. Following this way, the abandonment of agricultural use could lead to the development of natural 
forest or meadow habitats on former fields (Dister, 1992). 

Nevertheless, within the scope of this study only the current state can be extrapolated for the future. Therefore, the 
agricultural use is evaluated negatively, because the washout of soil material could increase with the once again flooding 
and contaminants like fertilizer and pesticides could get into the water bodies. Further negative implications for 
floodplain habitats and species can arise out of soil compactions or surface levelling. However in spite of all that, 
agricultural land use should not be an exclusion criterion for the reconnection. On the lower Danube there are, for 
example, vast areas which would – with the surrender of agriculture – offer excellent areas for the reconnection of 
floodplains. 

With the mentioned restrictions suitable areas can be outlined within the pre-considerations, which can afterwards be 
evaluated and compared with the help of the Floodplain Evaluation Matrix (FEM). Besides, in principle it is more 
sensible to compare areas on the same river stretch with each other, than in various river stretches (e.g. upper reaches, 
middle reaches, lower course) or across different river systems (see also chapter 3.4.2). 
 
 
 

4.2.3 Sectoral ecological results (FEM) 

The ecological part of the FEM consists of seven parameters. Each parameter can take a value between 1 and 5 (points). 
Because some parameters can be evaluated area-proportional the individual result and the overall-result can be a decimal 
number. The result can be given as the sum of the seven parameters or the calculation of the average. The resulting 
number is then grouped in three classes: “high priority”, “medium priority” and “low priority”. For an exact comparison 
and evaluation the decimal number should be used like shown in the results of the case studies in Table 4.12 and Table 
4.13. This is in particular important for results lying near a threshold value of a class. If one of the parameters could not 
be evaluated (lack of data) the result will be the sum of only six numbers or less. With the reduction of parameters, the 
significance of the evaluation will decrease! The alternatives for the presentation of the result are described in the 
following Table 4.9 and Figure 4.33. 
 
 

Table 4.9. Example for the possible presentation of the final evaluation value and its classification.  

class low priority medium priority high priority 

overall sum 7.0 to 16.4 points > 16.4 to 25.7 points > 25.7 to 35.0 points 

average value 1.0 to 2.4 points > 2.4 to 3.7 points > 3.7 to 5.0 points 
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Floodplain Evaluation Matrix (FEM) - parameters ecology 
 
1. land use 

• land use suitable ..................................................................................................................... 5 
• land use moderately suitable .................................................................................................. 3 
• land use not suitable ............................................................................................................... 1 

 
2. water level dynamics 

• duration, frequency, amplitude marginal affected ................................................................. 5 
• duration, frequency, amplitude moderately affected .............................................................. 3 
• duration, frequency, amplitude strongly affected ................................................................... 1 

 
3. flow velocity and diversity 

• flow velocity and diversity uncritical ..................................................................................... 5 
• flow velocity and diversity moderate critical ......................................................................... 3 
• flow velocity and diversity very critical ................................................................................. 1 

 
4. floodplain relief 

• floodplain relief marginal affected ......................................................................................... 5 
• floodplain relief moderately affected ..................................................................................... 3 
• floodplain relief strongly affected .......................................................................................... 1 

 
5. connectivity 

• connectivity existing .............................................................................................................. 5 
• connectivity existing with limitations .................................................................................... 3 
• connectivity not existing ........................................................................................................ 1 

 
6. habitat diversity (floodplain specific) 

• significant floodplain specific natural habitat types (EU Habitats Directive)  
      are existing or might be regained ........................................................................................... 5 

• few floodplain specific natural habitat types (EU Habitats Directive)  
      are existing or might be regained ........................................................................................... 3 

• no floodplain specific natural habitat types (EU Habitats Directive)  
      are existing or might be regained ........................................................................................... 1 

 
7. habitat diversity (conservation status) 

• no negative effect on conservation status  
      of existing natural habitat types (EU Habitats Directive) ...................................................... 5 

• moderate negative effect on conservation status  
      of existing natural habitat types (EU Habitats Directive) ...................................................... 3 

• significant negative effect on conservation status  
      of existing natural habitat types (EU Habitats Directive) ...................................................... 1 

 
 
 > 25.7 to 35.0 points - high priority for non-technical flood protection from ecological point of view 
 > 16.4 to 25.7 points - medium priority for non-technical flood protection from ecological point of view 
 7.0 to 16.4 points - low priority for non-technical flood protection from ecological point of view 
 
 
 

Figure 4.33. Parameters for the ecological evaluation scheme of the Floodplain Evaluation Matrix (FEM). 
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4.2.3.1 Land use 

 
When examining the ecological suitability of an area for a re-inundation it is paramount to focus on the impact of human 
land use, since this has decisive consequences for the habitats and the species living in the area. That is why land use is 
the first indicator-parameter of the FEM. Criterions for exclusion are large-scale settlements with industry, trade and 
public infrastructure, etc. in the area. These areas are not suitable for retention. 
The assessment of the land use types tries to gauge the degree of adaptation to floodplain-like situations. It is particularly 
important to determine whether certain types of land use can cause environmental damage or whether floodplain-adapted 
habitats and biocenosis can develop. Areas which have suffered from ecological degradation (agricultural areas, 
settlements) have a high potential for ecological improvements. If these types of land use continue to exist, no 
improvements will take place. If a change is made, positive ecological effects can be expected. 
 
The assessment and its criteria: 

� 5 - Suitable land use: wetlands, natural water bodies, flood-tolerant forests 

� 3 - Moderately suitable land use: pasture, moderately flood-tolerant forests 

� 1 - Unsuitable land use: settlement, trade, industry, traffic, gravel and sand production, lakes in gravel or sand  
      pits, agricultural surfaces, flood-intolerant forests 

 
Various “soft” types of land use (for leisure purposes, hunting, fishing) are not taken into account, because they, on the 
one hand, do not have a changing impact on the landscape and can, on the other hand, be quickly changed or stopped. 
 
The identification and categorisation of the land use is carried out with the help of a GIS (Geographic Information 
System). Information on land use is nowadays usually provided in a relatively large scale as a set of GIS-data. In 
Germany for example, it is possible to use the official topographic digital landscape model DLM25 or, if available, 
information on land use from automatic land survey register. Should data on biotope types / land use be available for the 
respective area, then these should be given priority over exclusive land use maps since the former distinguish for example 
between intensive and extensive agriculture. The decision about which land use data is used depends on whether the 
dataset of the area under examination is available for the whole area, thus enabling a uniform assessment. The CORINE 
landcover dataset forms a uniform basis for whole Europe. Due to the fact that its resolution of 100m per pixel is 
relatively large, it should only be used if no other data is available. In order to make sure that the data is up-to-date, 
attention should be paid to the fact that the land use data reflects the current status, which means that a comparison with 
current aerial photos is highly recommended. 
 

Table 4.10. Classification of land use according to the FEM-evaluation. 

Nr. land use 
FEM- 

evaluation 

1 natural water body 5 
2 settlement, buildings 1 
3 forest (decidous forest, mixed decidous forest) 5 
4 agricultural surfaces 1 
5 wetland 5 
6 pasture and meadow 3 
7 gravel and sand production 1 
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For the areas under examination in Germany the most recent land use data of the DLM25 were used and classified 
according to their suitability for uncontrolled flood protection measures (see Table 4.10, Figure 4.34 and Figure 4.35). 
 

 
 

Figure 4.34. Land use taken from the DLM 25 of the whole area Bellenkopf-Rappenwört. 

Figure 4.35. Classification of the land use (without forest) in the area of Bellenkopf-Rappenwört. 

 
 
A special status within the different types of land use must be attributed to forests, since it is impossible to carry out a 
uniform assessment for the different patterns of tree species, so that in this case other data sources must be consulted. 
These are usually forest management maps which are updated in Germany every 10 years and reflect the age structure as 
well as the patterns of tree species. Nowadays, these forest management maps are digitally available in most parts of 
Germany so that data integration is feasible. It is almost impossible to arrive at a uniform classification of the different 
types of forests across Europe, since they vary greatly depending on the area and the location.  
In Table 4.11 the classification of the different types of forests in the area Bellenkopf/Rappenwört is described. 
For the areas under examination a first differentiation between flood-tolerant and flood-intolerant forest resources is made 
independently of their location. In case that hydrological calculations of the duration of the flood and the flood peaks are 
available, these can be joined with the forest data. This means that high locations of the uppermost hardwood floodplain, 
which are only rarely or if at all flooded only up to a very low height, will be given a better rating than lower-lying 
locations which are frequently flooded for long periods of time. The latter can only get a positive rating in terms of the 
FEM if they have adapted accordingly. In order to do further research on a forest risk analysis, it would be necessary to 
gather more data on the forest resources and carry out more analysis. This is currently being done in the framework of the 
IRP for the planned retention areas on the Upper Rhine. 
 
 
 



 
 
 
 

CRUE FUNDING INITIATIVE ON FLOOD RISK MANAGEMENT RESEARCH  
PRO_FLOODPLAIN  

76 

 

Table 4.11. Classification of the types of forests according to the FEM-assessment. 

 

Nr. forest typ 
FEM- 

evaluation 

1 Old stands with high proportions of autochthonous poplars 5 
2 Hybrid poplar forestry stands (without other veg. layers)  5 
3 Hybrid poplar forestry stands (with veg. layers) 5 
4 Old oak stands (Quercus robur) 5 
5 Old oak stands in regeneration stands of ash. 5 
6 Younger oak stands (Quercus robur) 5 
7 Old ash stands 5 
8 Old ash stands in regeneration stands rich in sycamore 3 
9 Ash rich deciduous tree stands 5 
10 Sycamore rich deciduous tree stands 1 
11 Stands of American nuts (Juglans nigra) 3 
12 Beech stands 1 
13 Birch stands 3 
14 Bush rich deciduous tree stands 3 
15 Willow stands 5 
16 Plan maple stands (Acer platanoides) 1 
17 Black pine and red pine stands 5 
18 Other conifer stands 1 
19 Alder stands 5 
20 Old stands of sycamore 1 
21 Hornbeam stands 3 
22 Robinia stands 5 
23 Cherry Stands (Prunus avium) 1 
24 Lime stands 3 

 
 
The DLM25 data for the area Bellenkopf/Rappenwört was aggregated according to the different types of land use and all 
areas, with the exception of forests, and was classified in terms of the FEM assessment. The water bodies which have 
been created due to gravel and sand excavations are classified separately. 
In the framework of the forest risk analysis in the environmental impact assessment for the area Bellenkopf/Rappenwört 
(Dister, 2005) a total of 24 resource types were identified. In a second step these were once more classified according to 
their flood tolerance in terms of the FEM (see Table 4.11, Figure 4.36 and Figure 4.37) 
 
 
Forest areas for which no differentiated forest information was available (e.g. windblow areas, game park) were rated 
positively. 
All areas that are rated as “low priority” are multiplied with the factor 1 (m2 [ha, km2…] x 1), “medium priority” with the 
factor 3 (m2 [ha, km2…] x 3) and “high priority” with the factor 5 (m2 [ha, km2…] x 5). The respective results are added 
and afterwards divided by the sum of the whole area. 
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Figure 4.36. Mapping of the forest types in the area of Bellenkopf [UVS-Bellenkopf/Rappenwört]. 

Figure 4.37. Classification of forest types in regard to the inundation tolerance. 

 
 

4.2.3.2 Water level dynamic 

 
In order to restore floodplain habitats, rivers and floodplains must have a water level dynamic, almost like the one that 
exists in the natural floodplains. For this reason the water level dynamics are used as the second FEM parameter. If 
important changes have been made on the river, floodplain areas may have completely different water level dynamics. 
This can result in permanently (excessive) high water levels in dammed up parts of the river or in dry floodplain areas in 
deepened river segments. An uncontrolled retention is impossible where barrages have been built, which means that this 
is also a criterion for exclusion with a view to the implementation of non-technical floodplain enlargements. 
In the floodplain areas are other barriers, mostly of anthropogenic origin, which can, even after removal of the front river 
dyke, prevent the water level dynamics from affecting the whole area. However, there are also natural landscapes which 
create obstacles for incoming water, such as river banks which have developed naturally.  
 
The parameters water level duration, frequency of the flood and amplitude of the water levels are summarized to describe 
the possible water level dynamics. Every spatial point has its own typical water level dynamics in relation to its altitude 
above the river. The historical state before the development of the river serves as a point of reference. A detailed surface 
assessment for this parameter would be very time-consuming, so that the assessment is made with the help of experts for 
the whole area at once. 
 
The assessment with its criteria: 

� 5 - Duration, frequency and amplitude marginally affected: headwaters not obstructed, riverbed not deepened,  
      similar to the model/specific for the type of geographic region and river segment, area without major  
      obstacles for inundation 
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� 3 - Duration, frequency and amplitude moderately affected: however, natural banks, headwaters dammed (this  
      does not automatically imply a mediocre assessment), dams, streets 

� 1 - Duration, frequency and amplitude strongly affected: existing summer dykes, riverbed deepened, swells 
 
An area-based assessment would be also feasible, but would require more time and effort and the use of 2D 
hydrodynamic numerical models, e.g. by comparing a model with past distinctive parameters with another one with 
today's distinctive parameters. For every point of the area the restrictions could therefore be determined proportionally for 
every surface point (inundated part of the floodplain). In this context, it would be particularly interesting to focus on 
smaller and more frequent floods. 
 

4.2.3.3 Flow velocity and flow diversity 

  
Another important parameter is the flow velocity and flow diversity. It depends very much on the inclination of the area 
and thus from the river reach under examination. Nevertheless, it is true for all areas that during an inundation no 
standing water should be present in the area, because these entail (depending on the season, foliage and temperature) 
reduced oxygen levels of the water, which result in damages of the fauna and flora under water. Obstacles such as dams 
for footpaths, streets or rails, constructions which interrupt the water bodies and other structures can also create severe 
impediments on a local level. However, it must not be forgotten that some parts of a floodplain can be situated in adverse 
flow locations and in areas where by nature no water can flow, e.g. close to marginal troughs or in former meanders. 
The flow velocity can also become too high locally if it affects the water vegetation in old arm areas where there is 
usually slack water. For sediment transport higher flow velocities with the respective bottom shear stresses are needed. 
These normally occur only punctually in segments of water bodies and do not affect the whole area.  
It is therefore necessary to find out whether the flow velocity reaches critical (slack) values or whether it is moving at all 
water levels in such a way that a sufficient water exchange with the river is still possible. The absolute flow velocity can 
serve as a point of reference or also the relation to the flow velocity which would be created after a complete removal of 
the dyke. Two-dimensional hydrodynamic numerical models provide exhaustive values for the assessment and also allow 
for the comparison between a relocation of the dyke and a polder. These calculations help to forecast further important 
ecological conditions which will have a future impact on the area, such as water depth and dead water. The absolute 
values of the flow velocity differ greatly depending on the habitat and the river segment. In this context the oxygen 
content and the water temperature are being looked at, whereas a possible sediment transport is not taken into 
consideration. 
The upper limits of the flow velocity for the area Bellenkopf/Rappenwört were established by experts specifically for this 
area. They cannot be transferred to other areas without calibration. The upper limits should be determined by experts 
independently of the type of water body and taking into account the characteristics of the area. 
 
The assessment with its criteria: 

� 5 – Flow velocity and diversity uncritical: flow velocity corresponds to natural status and river reach 

� 3 – Flow velocity and diversity moderately critical: very low flow velocity, does not correspond to natural status  
      and river reach 

� 1 – Flow velocity and diversity very critical: slack water conditions, dead water areas in inundated terrestrial  
       areas 

 
For the classification of the flow velocity for the case study Bellenkopf / Rappenwört, hydrologic calculations were used 
for planning an uncontrolled variant of the environmental impact study. This variant is not a complete dyke relocation, 
but consists only of breaches of a width of up to 200 m at hydrologically effective spots. Figure 4.38 shows the flow 
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velocity and the location of the intake constructions. The model was calculated for a discharge of Q = 5000 m³s-1 at the 
stream gauge Maxau which corresponds roughly HQ200. 
 
 

 
Figure 4.38. Flow velocity and position of intake buildings; Q = 5000 m³s-1 at stream gauge Maxau, 
 [UVS-Bellenkopf, Rappenwört] 

 
 

4.2.3.4 Floodplain relief 

 
The development of typical floodplain areas and area-specific habitats after a reconnection requires a respective natural or 
semi-natural floodplain relief, which represents the fourth parameter of the FEM. The greater the diversity of 
morphological forms in the floodplains is, the more manifold are the possible habitats. If the floodplain relief has been 
severely changed due to anthropogenous influences, floodplain levels can be absent or limited. The historical state before 
river training or the model serves as a point of reference. The floodplain relief or the remaining natural status of the 
floodplain relief can be assessed for the entire area. 
 
The assessment with its criteria: 

� 5 - Floodplain relief marginally affected: parts of the area are consistent with the natural morphology of  
       floodplains, e.g. all types typical for floodplains 

� 3 - Floodplain relief moderately affected: parts of the area have been markedly changed, but still show signs of  
     floodplain morphology; e.g. area strongly levelled due to agricultural activities, shallow excavation waters,  
      water body relocations, areas influenced by draining ditches, etc. 

� 1 - Floodplain relief strongly affected: the floodplain morphology of parts of the area can no longer be  
       recognized; e.g. elevations or excavations, lakes in gravel pits, road dams etc. 
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Topographic maps, e.g. in the scale 1:25.000 or even more detailed, can be used for reference in the assessment process. 
In case those cross sections are available, these should also be consulted. In order to describe the relief, the best source of 
information apart from a topographic map would be a digital terrain model based on the measurements of a laser scan 
flight. This high-resolution altitude information with a ground resolution of 1 meter and a vertical resolution of approx. 
30 cm shows the area in the 3-dimensional way and makes the floodplain relief much more visible. The slope of the river 
can be extracted from the data in order to improve the visualisation of the area relief. This somewhat time-consuming 
form of data processing was developed in the German case study, but can also be foregone for the sake of the assessment. 
The area should be divided up into homogeneous area segments for which the assessment is then made with the help of 
the above mentioned criteria. 
 
 

4.2.3.5 Connectivity 

 
An important factor in connection with frequent flood events with lower high water is the quality of the connection 
between existing floodplain waters and the river. This parameter plays an important role for many water organisms and 
the exchange of populations in the course of their development phases and as adult organisms. It should therefore be 
guaranteed that large floodplain waters, which have been cut off due to diking, can be reconnected via a mean water 
connection after a reconnection. Hence, a lasting connection of the mean water after a dyke-relocation should be the point 
of reference. The assessment of the connectivity of an area can only be made with the help of systematic knowledge of 
the area. 
 
An inclusive assessment is made for the water bodies of the area according to the following criteria: 

� 5 - existing: water bodies connected with mean water 

� 3 - available with restrictions: waters only connected above mean water (restrictions by traffic routes, culverts at  
      bridges too small, natural river bank dykes, etc.) 

� 1 - not existing: water bodies only connected above mean high water or not connected at all or separated by  
      transverse structures  

 
For the sake of the assessment the large water bodies are identified and their connection after removal of the dyke are 
gauged. In addition, topographic maps, but preferably digital area models (tilted, slope extracted) or two-dimensional 
hydrodynamic numerical models can be consulted. 
In a procedure which requires more time and effort, the issue of connectivity could be expanded and transferred to the 
terrestrial areas in order to assess whether the areas are reached by the floods or if they can only be reached by back flow. 
This restriction of the connectivity due to obstacles could be determined by combining the results of the DGM and the 
hydrologic model and could perhaps be evaluated in terms of percentage and area.  
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4.2.3.6 Habitat diversity (floodplain specific) 

 
The habitat diversity (floodplain specific) represents the sixth parameter identified in the FEM. It focuses on the existence 
of area-specific natural habitat types from the EU Habitats Directive as well as on the potential for regaining them. The 
area-specific habitat types of the Habitats Directive include the natural habitats and species for whose protection Europe 
has assumed responsibility. That is why special attention should be paid to these habitats whenever measures in the 
floodplains are taken. Fifteen habitat types which are typical of floodplains as natural areas were singled out from all 
habitat types in the Habitats Directive. Not every floodplain area must include these 15 habitat types, but the more habitat 
types exist or can be redeveloped there, the more valuable this area is in terms of nature protection. Even if some of those 
15 habitat types exist nowadays on a very small scale, they are still of great importance as donor surfaces for a future re-
colonization which might serve as a basis for a possible enlargement of the habitat type area. Making a forecast on 
whether further habitat types can be regained after renewed flooding also depends on the neighbouring floodplain areas of 
the river segment and the possible existence of habitat types there.  
 

The assessment with its criteria: 

� 5 - significant floodplain specific natural habitat types (EU Habitats Directive) are existing or might be regained 

� 3 - few floodplain specific natural habitat types (EU Habitats Directive) are existing or might be regained 

� 1 - no floodplain specific natural habitat types (EU Habitats Directive) are existing or might be regained 
 

For the assessment of existing FFH-areas, the respective area documents, which the member states are in charge of 
compiling, must be consulted. These documents usually include at least a list of the existing habitat types. In the future, 
more detailed documents will be elaborated for more and more FFH-areas, so that clearly limited spatial data will be 
available. A surface assessment for each individual area might then also be possible. If there is no FFH-area, other 
available documentation (e.g. from other protected areas or biotope maps) should be considered or at least an overview 
map be commissioned. 
 
 

4.2.3.7 Habitat diversity (conservation status) 

 
Protected habitat types should not be endangered because of a reconnection. Hence, the habitat diversity is to be 
evaluated as the seventh and last parameter with a view to its conservation status. Even if other protected habitat types 
develop or other protected species benefit from the situation, the fact that these special habitats are endangered is 
nevertheless negative. Judicial aspects must be taken into account, particularly for the habitat types and species, which are 
protected according to European laws, since in some cases compensatory or alternative measures might have to be taken 
(see e.g. EC Bird Directive; FFH Directive; Möckel, 2007; Rumm et al., 2006). That is why the existing inventory of 
habitat types and the respective impacts are evaluated. 
 

� 5 – no negative effect on conservation status of existing natural habitat types (EU Habitats Directive)  

� 3 – moderate negative effect on conservation status of existing natural habitat types (EU Habitats Directive) 

� 1 – significant negative effect on conservation status of existing natural habitat types (EU Habitats Directive) 
 

Further details and the results of the FEM for the examples of the case studies “Bellenkopf/Rappenwört” and “Hördter 
Rheinaue” can be found in chap. 4.2.4. 



 
 
 
 

CRUE FUNDING INITIATIVE ON FLOOD RISK MANAGEMENT RESEARCH  
PRO_FLOODPLAIN  

82 

4.2.4 Case Studies 

The case studies “Bellenkopf/Rappenwört” and “Hördter Rheinaue” will be used below for the visualisation and 
application of the FEM parameters and first results. 

4.2.4.1 Bellenkopf/Rappenwört (Germany) 

� 1. Land use 

The land use of the planned flood protection area in Baden-Württemberg obtains the value 3.4 (points) “land use 
moderately suitable” by a area-proportional computation based on GIS-data. Figure 4.39 illustrates the two-
dimensional results analysed from land use and forestry data (cp. chap. 4.2.3). 

 

FEM area (ha) total  

1 197 

3.4 
 

3 56 

5 293 

SUM 546 

 
 

 
Figure 4.39. Result of the GIS-based analysis of the land use, case study “Bellenkopf/Rappenwört“. 

 

� 2. Water level dynamics  

Regarding the water level dynamics (duration, frequency, amplitude) the following statements and evaluations can 
be drawn for the case study „Bellenkopf/Rappenwört“: 

- duration: shortened; moderately affected, i.e. 3 points 
- frequency: more often; moderately affected, i.e. 3 points 
- amplitude: increased; moderately affected, i.e. 3 points 

This evaluation results in a total value of 3.0 (points), „duration, frequency, amplitude moderately affected“. The 
average value is confirmed by the consideration of many further aspects of the surface situation: no channel bed 
erosion (5 points – on account of the bed load addition below the barrage Iffezheim), second dyke-system along a 
small tributary (1 point), natural dykes formed by sedimentation (3 points) and barrages in the upper reaches (3 
points – however, barrages in the upper reaches do not obligatory led to moderate ranking). 
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� 3. Flow velocity and diversity  

For the calculation of the FEM parameter flow velocity and flow diversity GIS-data-based analysis have been 
carried out. The area-proportional computed result is shown in Figure 4.40. For the case study 
„Bellenkopf/Rappenwört“ near Karlsruhe the limiting values of the flow velocity were defined by means of expert's 
knowledge taking into account the basic conditions of the natural geographic units as follows: 

- Uncritical:  > 10 cm s-1 

- Moderate critical: 5-10 cm s-1 

- Very critical: < 5 cm s-1 

The average value for a non-technical floodwater retention has been computed as 4.3 (points) „uncritical flow 
velocity and diversity“ (cp. chapter 3.4.1). 

 
 

FEM area (ha) total  

1 41 

4.3 
3 106 

5 378 

SUM 525 

 
 

Figure 4.40. Result of the GIS-data-based analysis of flow velocities in the area of „Bellenkopf/Rappenwört“. 

 

� 4. Floodplain relief  

This parameter received a total value of 3.8 (points) “relief marginal affected” by area-proportional computation in a 
GIS-system, which leads to the best evaluation class (see above and Figure 4.41). The study reach still shows a well-
preserved floodplain relief with distinctive relief and corresponds therefore with the floodplain specific 
characteristic surface forms. The least value was given to asphalted streets, dykes, artificial waters, buildings and 
settlements. The medium value was given to areas where the relief persists distinctively, but has been modified, e.g. 
by shallow excavations, drainage channels or agriculture. The best value was given to unaffected or marginal 
affected areas. 
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FEM area (ha) total  

1 63 

3.8 
3 187 

5 287 

SUM 537 
 

 

 

Figure 4.41. Result of the GIS-data-based analysis of the floodplain relief of the area “Bellenkopf/Rappenwört“. 

 

� 5. Connectivity  

Old Rhine arms and oxbow lakes are predominantly connected at mean discharge conditions, so the value 5.0 
(points) is given. Some backwaters will be flooded only at higher water levels and are therefore not connected at 
mean discharge but this is related to their natural topographic situation. With a future dyke relocation no separated 
water bodies will exist, hence the final evaluation is „connectivity existing“. 

 

� 6. Habitat diversity (floodplain specific)  

The Environmental Impact Assessment (EIA) lists the natural habitat types of the EU Habitats Directive of the 
planned retention area „Bellenkopf/Rappenwört“. The floodplain specific natural habitat types were extracted and 
are listed below with further information about the occurrence. 

- 3130: Oligotrophic to mesotrophic standing waters: sparse or small scale occurrence 
- 3140: Hard oligo-mesotrophic waters with benthic vegetation of Chara spp.: occurrence 
- 3150: Natural eutrophic lakes: wide occurrence 
- 3260: Water courses of plain to montane levels with Ranunculion fluitantis veg.: occurrence 
- 6410: Molinia meadows: sparse or small scale occurrence 
- 6430: Hydrophilous tall herb fringe communities: occurrence 
- 9160: Sub-Atlantic and medio-European oak or oak-hornbeam forests (Stellario-Carpinetum):  

occurrence 
- 91E0*: Alluvial forests with Alnus glutinosa and Fraxinus excelsior: occurrence 
- 91F0: Riparian mixed forests along the great rivers: occurrence 

The sign ‘*’ indicates priority habitat types. The EU Habitats Directive explains this as „priority natural habitat 
types means natural habitat types in danger of disappearance [...] for the conservation of which the Community has 
particular responsibility“. Nine habitat types exist in the area of the case study „Bellenkopf/Rappenwört“, but there 
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is no precise information about size or situation. A comparison with the EU Habitats Directive shows that the 
following floodplain specific habitat types could additionally occur: 

- 3160: Natural dystrophic lakes and ponds  
- 3270: Rivers with muddy banks with Chenopodion rubri p.p. and Bidention p.p. vegetation  
- 6440: Alluvial meadows of river valleys of the Cnidion dubii 
- 7210*: Calcareous fens with Cladium mariscus and species of the Caricion davallianae  
- 7230: Alkaline fens 

Beside the nine existing habitat types, there are further more five habitat types that could occur. With a non-
technical retention measure, dyke relocation, these five types could reappear in the study area, particularly as there 
are small patches of occurrence in the nearby recent and old floodplains. This leads to the evaluation of this FEM 
parameter that “significant floodplain specific natural habitat types (EU Habitats Directive) are existing or might be 
regained” giving a value of 5.0 (points). 

 

� 7. Habitat diversity (conservation status)  

Regarding existing but not floodplain specific natural habitat types of the EU Habitats Directive whose conservation 
status could be negatively affected, there are the following two habitat types, which occur in the study area: 

- 6210*: Semi-natural dry grasslands on calcareous substrates (important orchid sites): occurrence 
- 6510: Lowland hay meadows: occurrence 

The natural habitat type 6210* occurs merely in fragments in „Bellenkopf/Rappenwört“ and is especially situated on 
secondary locations of the dams. The same applies to the natural habitat type 6510, which occurs predominantly on 
dams. This leads to the evaluation that there is a “moderate negative effect on conservation status of existing natural 
habitat types (EU Habitats Directive)” with a value of 3.0 (points) because only two habitats with small occurrences 
on artificially structures will be moderately affected and alternative habitats could be made on the new dykes.  

 

Concluding the case study „Bellenkopf/Rappenwört“ the results of the Floodplain Evaluation Matrix are shown in 
the following Table 4.12 for each FEM parameter and the total sum of the seven parameters is given. The former 
floodplain „Bellenkopf/Rappenwört“ has achieved a total sum of 27.5 which lies in the lower part of the class “high 
priority for non-technical flood protection from ecological point of view”  

 
 

Table 4.12. Complete result of the Floodplain Evaluation Matrix applied to the study reach „Bellenkopf/Rappenwört“. 

 

 

 

 

 

 

 

ecological FEM parameter FEM-ranking 

land use 3,4 

water level dynamics 3,0 

flow velocity and diversity 4,3 

floodplain relief 3,8 

connectivity 5,0 

habitat diversity (floodplain specific) 5,0 

habitat diversity (conservation status) 3,0 

total 27,5 
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4.2.4.2 Hördter Rheinaue (Germany) 

The case study „Hördter Rheinaue“ has been evaluated with the Floodplain Evaluation Matrix for further gain of 
information and possibilities for comparison. 

� 1. Land use  

The GIS-computing of the land use parameter for the “Hördter Rheinaue” resulted in a value of  2.4 (points) which 
corresponds to the evaluation “land use moderately suitable“ (see Figure 4.42). 

 

FEM area (ha) total  

1 1378 

2,4 
3 213 

5 652 

SUM 2243 
 

 

Figure 4.42. Result of the GIS-based analysis of the land use, case study Hördter Rheinaue. 

 

� 2. Water level dynamics  

Regarding the water level dynamics (duration, frequency, amplitude) the following estimations were made for the 
“Hördter Rheinaue”: 

- duration: shortened; moderately affected, i.e. 3 points 
- frequency: more often; moderately affected, i.e. 3 points 
- amplitude: increased; moderately affected, i.e. 3 points 

The total result of this parameter is consequently 3.0 (points), which correspond with „duration, frequency, 
amplitude moderately affected”. The comparison with other factors like the weak channel bed erosion starting near 
Leimersheim (3 points), the natural dykes in the area (3 points) and barrages in the upper reaches (3 points) confirm 
the moderately affected water level dynamics. 
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� 3. Flow velocity and diversity  

Because of missing 2-D-hydraulic models for the “Hördter Rheinaue” the analysis of the flow velocity and diversity 
was not possible. The direct comparison of this parameter was therefore not possible between both study areas and 
this parameter was omitted in the overall comparison. 

 

� 4. Floodplain relief  

The floodplain relief was area-proportional computed, using GIS-data with a final result of 4.1 (points) which 
corresponds with the evaluation “floodplain relief marginal affected” (see Figure 4.43). The study area still has a 
good floodplain relief with a lot of floodplain specific landforms, which were evaluated with the best value.  

 

FEM area (ha) total  

1 155 

4,1 
3 734 

5 1352 

SUM 2241 
 

 

Figure 4.43. Result of the GIS-data-based analysis of the floodplain relief of the area „Hördter Rheinaue“.  

 

� 5. Connectivity  

Because floodplain water bodies are predominantly connected at medium discharge conditions, the result of  the 
evaluation was the value 5.0 (points) „connectivity existing“. 
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� 6. Habitat diversity (floodplain specific) 

An existing Environmental Impact Assessment (EIA) for the planned retention area “Hördter Rheinaue” was used to 
compile the list of the natural habitat types of the EU Habitats Directive (FFH-VS 2007) with the area: 

- 3150: Natural eutrophic lakes: 25 ha 
- 3260: Water courses of plain to montane levels with Ranunculion fluitantis veg.: < 1 ha 
- 3270: Rivers with muddy banks with Chenopodion rubri p.p. and Bidention p.p. vegetation: 10 ha 
- 6410: Molinia meadows: sparse or small scale occurrence: 1.5 ha 
- 6430: Hydrophilous tall herb fringe communities: 2 ha 
- 6440: Alluvial meadows of river valleys of the Cnidion dubii: 1 ha 
- 9160: Sub-Atlantic and medio-European oak or oak-hornbeam forests (Stellario-Carpinetum): 400 ha 
- 91E0*: Alluvial forests with Alnus glutinosa and Fraxinus excelsior: 100 ha 
- 91F0: Riparian mixed forests along the great rivers: 200 ha 

A total of nine natural habitat types does exist in the area of the case study Hördt. There are five more floodplain 
typical natural habitat types that could appear additionally: 

- 3130: Oligotrophic to mesotrophic standing waters 
- 3140: Hard oligo-mesotrophic waters with benthic vegetation of Chara spp. 
- 3160: Natural dystrophic lakes and ponds  
- 7210*: Calcareous fens with Cladium mariscus and species of the Caricion davallianae  
- 7230: Alkaline fens 

These five natural habitat types could reappear in the course of a reconnection with the river flood system. On this 
account, the FEM parameter was given the value 5.0 (points) and the evaluation “significant floodplain specific 
natural habitat types (EU Habitats Directive) are existing or might be regained”. 

 

� 7. Habitat diversity (conservation status)  

Regarding existing but not floodplain specific natural habitat types of the EU Habitats Directive whose conservation 
status could be negatively affected there are the following four habitat types, which occur in the study area (FFH-VS 
2007): 

- 6210*: Semi-natural dry grasslands on calcareous substrates (important orchid sites): 15 ha 
- 6510: Lowland hay meadows: 35 ha 
- 9130: Asperulo-Fagetum beech forests: occurs in the planned retention area 
- 9170: Galio-Carpinetum oak-hornbeam forests: occurs outside of the planned retention area 

Since these habitat types occur in a rather small area of the total “Hördter Rheinaue” (2.240 ha, see chap. 3.2) this 
parameter was given the evaluation “moderate negative effect on conservation status of existing natural habitat types 
(EU Habitats Directive)” corresponding to the value 3.0 (points). 
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Table 4.13 shows the results of the single FEM parameters of the Floodplain Evaluation Matrix and the total result 
all together. 

 

Table 4.13. Complete result of the Floodplain Evaluation Matrix applied to the study reach „Hördter Rheinaue“. 

 

ecological FEM parameter FEM-ranking 

land use 2,4 

water level dynamics 3,0 

floodplain relief 4,1 

connectivity 5,0 

habitat diversity (floodplain specific) 5,0 

habitat diversity (conservation status) 3,0 

total 22,5 

 

 
When both case studies and their FEM-results are compared directly with each other the missing third FEM parameter 
“flow velocity and diversity” in the “Hördter Rheinaue“ represents a problem. Therefore, for the comparison of both areas 
the average value must be calculated and used. The average value of the area “Bellenkopf/Rappenwört“ is 3.9 and the 
average of the “Hördter Rheinaue“ is 3.75. Both areas represent hence the class “high priority for non-technical flood 
protection from ecological point of view”, both of them in the lower part of this class (see Table 4.9). The result of the 
“Hördter Rheinaue“ lies nearly on the threshold value of 3.70 between medium and high priority. 
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4.2.4.3 Floodplain at the March River (Austria) 

 

The March floodplain area is situated south of Zwerndorf, Lower Austria, and was represents a former floodplain, that 
has been cut-off by dykes.  

 

� 1. Land use 

The land use of the proposed flood protection area along the lower March (Morava) in Lower Austria (see Figure 
4.44) is characterised by agriculture with smaller parts of  meadows and hedgerows as well as one larger oak-
hornbeam forest stand and will be assessed with 3.4 (points) “land use moderately suitable” by a surface-
proportional analysis of aerial images.  

 

 
Figure 4.44. Proposed area for reconnection „March floodplain south of Zwerndorf “along the flood protection dyke (Source: UBA, 2008). 

 

� 2. Water level dynamics 

Concerning the water level dynamics (duration, frequency and amplitude) for the reach "Morava floodplain south of 
Zwerndorf" the following evaluations can be given: 

- Duration: Marginal affected, i.e. 5 points 
- Frequency: Marginal affected, i.e. 5 points 
- Amplitude: Marginal affected, i.e. 5 points 

The total evaluation is therefore 5.0 “marginal affected”. The March River still has a near natural discharge regime 
in its lower part only influenced by some reservoirs at the tributaries. The still meandering channel with low incision 
rates and some cut-off meanders close to the proposed area is also under good hydromorphological conditions. Even 
if the proposed floodplain area for reconnection is rather far from the main channel the water level dynamics would 
be typical with slow raising and fairly long-lasting spring floods.  



 
 
 
 

CRUE FUNDING INITIATIVE ON FLOOD RISK MANAGEMENT RESEARCH  
 PRO_FLOODPLAIN  

 

   91 

� 3. Flow velocity and diversity  

Because of missing 2-D-hydraulic models for the “March floodplain area” the analysis of the flow velocity and 
diversity was not possible. 

 
 

� 4. Floodplain relief  

This parameter gets the surface-proportional evaluation of 3.0 and is therefore “moderately affected”. As the area is 
rather far from the main channel and a long time disconnected from the flooding regime, the typical floodplain relief 
can still be found only in the forest. The agricultural part is characterised by meliorated fields and small roads.  

 

� 5. Connectivity  

As for the relief, the connectivity can be estimated based on river-floodplain cross-sections as  3.0 “connectivity 
existent with limitations”. In particularly the wooded area has still a good potential for reconnection whereas the 
agricultural area has some rectified, displaced or closed small channels or former oxbow connections. 

 

� 6. Habitat diversity (floodplain specific)  

Based on the FFH data for the Natura 2000 area “March-Thaya-Auen” the following habitat types can be described 
for the adjacent active Morava floodplain: 

 
- 3130: Oligotrophic to mesotrophic standing waters: sparse or small scale occurrence 
- 3150: Natural eutrophic lakes: wide occurrence 
- 3270: Rivers with muddy banks with Chenopodion rubri p.p. and Bidention p.p. vegetation 
- 6440: Alluvial meadows of river valleys of the Cnidion dubii 
- 6510:     Lowland hay meadows (Alopecurus pratensis, Sanguisorba officinalis) 
- 9160: Sub-Atlantic and medio-European oak or oak-hornbeam forests (Stellario-Carpinetum):  
  occurrence 
- 91E0*: Alluvial forests with Alnus glutinosa and Fraxinus excelsior: occurrence 
- 91F0: Riparian mixed forests along the great rivers: occurrence 
 

The sign ‘*’ indicates priority habitat types. In the proposed area which is part of the Natura 2000 site stands of  
9160 which is typically for the remote margin of the March floodplain can be found as well as 6510 along the 
existing flood protection dyke and in a few meadows. Beside smaller portions of all other occurring FFH habitats, 
some habitat types (6440, 6510, 9160, 91F0) would have a good potential for development after reconnection. 

The assessment is 5.0  “significant floodplain specific natural habitat types (EU Habitats Directive) are existing or 
might be regained”. 

 

� 7. Habitat diversity (conservation status)  

The oak-hornbeam forests (9160) is typical for remote floodplain areas along the March River however some 
smaller stands might be changed into hardwood floodplains (91F0). The assessment is therefore 3.0 “moderate 
negative effect on conservation status of existing natural habitat types (EU Habitats Directive)”. 
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Summarizing the case study “March floodplain area” can be evaluated with the total value of 22.4 which 
corresponds to the overall evaluation of  “medium priority for non-technical flood protection from ecological point 
of view”, based on the reduced FEM (without parameter “flow velocity and diversity” due to missing hydraulic 
data), see following Table 4.14. The value is in the very upper range toward a high priority site. 

 
 

Ecological FEM parameter 
Floodplain  
Evaluation Matrix 
"March floodplain 
area" 

Land use 3,4 

Water level dynamics 5,0 

Floodplain relief 3,0 

Connectivity 3,0 

Habitat diversity (floodplain specific) 5,0 

Habitat diversity (conservation status) 3,0 

Total 22,4 
 

Table 4.14. Complete result of the Floodplain Evaluation Matrix applied to the study reach “March floodplain area”. 
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4.3 Sociology 

Social acceptance was defined as the social reception of an innovation or as a concrete entity and the communication 
between actors involved in the conception of this entity (Breton & Proulx, 2004). Reception refers to two stages:  

� the first one, according to the terms or arguments of the innovation submitted to local actors and to the population 
through a medium. 

� the second one, the reception of a concrete innovation by the population.  
 
Social acceptance thus marks the capacity of a social group to accept modifications to their environment (Depraz, 2005). 
Social acceptance is defined as the relationships between: the context of acceptance (social, political, technical), the 
subject of acceptance (the local social groups of a concerned territory) and the object of acceptance (the project for the 
flood retention area) (Schlepütz, 2004 from Lucke, 1995). It reveals if the elements which - in the case of an introduction 
of a new policy - would be specific for flood protection measures (e.g. change in land use, dyke shifting, etc.) are 
accepted favourably or unfavourably. “Acceptance” means the movement of a population or a concerned group in favour 
of a policy. This implies an analysis of how this policy is explained to the population or to a concerned group 
(communication, debate and public inquiry) by the creators of this policy, and how it is received (arguments selected and 
efficiency of communication tools). It is of importance to reveal the different stages leading to this acceptance: 

- The process of discussion leading to social acceptance 
- The arguments which produce opposition or adherence 

 
In the following, a definition is given of the elements accepted by the concerned groups and the local population in their 
argument and their refusal or toleration of the project. 
 
 

4.3.1 Scales of flood risk perception and their management 

The first stage of the social acceptance concerns the actors locally listed to be part in the definition of the innovation’s 
implementation.   
 
 

4.3.1.1 Concerned groups involved into the consultation process: Decision about the management of a 
floodplain area  

 
Three phases were defined (exemplarily shown for the study reaches along the Rhine River):  
 

1. Voicing phase 
2. Definition phase 
3. Reception phase 
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1. Voicing phase: presentation of the project to the local actors 

� Presentation of flood management in the research sector 
The project of implementation of flood protection measures origins from decisions taken at a high level of local 
public service, an agreement between the German and French governments (December 1982) and in the framework 
of the Integrated Program for the Rhine (IRP BW, 2005).  
This elaboration of the project can be lengthy:  

� In France, the concerned mayors received their first communiqué in the mid-1980ies (mail of March 1984 from 
the city officials to the project manager). The mayors were at this time reluctant to accept the polder project. The 
actual measure was the implementation of the canalisation of the river and the construction of a hydroelectric 
barrage in the area. This increased the division of the local territory along the Rhine. The project manager (of the 
inland navigation service) offered many guarantees regarding safety: mostly concerning a possible rise in 
groundwater levels and compensation for any damages. Opposition to this polder project was therefore 
reinforced after the creation of a polder on the German bank (polder of Altenheim in 1987, MUV Baden 
Württemberg, 1999), which had provoked many controversies. Moreover, the polder built in the north of the 
region and completed in 1989 was a particularly bad example for a good consultation process.   

� In Germany the project was planned since the mid-1970ies and has experienced various modifications (Struktur- 
und Genehmigungsdirektion, 2008):  

- The project was first oriented to a polder created by the displacement of dykes and the building of 
another dyke system.  

- In the mid 1980ies, the idea of a polder with structural measures and with a system of locks 
emerged. This gave rise to critics due to the low ecological benefits of such a project. The project 
was then abandoned. 

- Finally, in the mid 1990ies focus was given anew at this area in order to realize a retention area in 
case of extreme flooding. A first complete study was realized in 2000. (UM RlP, 2005). 

The two projects were presented as examples of solutions in the context of a cross-border or multi-local solidarity 
regarding flood protection measures. Thus, the implementation had to be enacted and the main purposes of the project be 
fulfilled. Local adaptations to changes became the topic of the discussion phase involving all actors concerned.  
 

� Selection of actors: comparison of two methods  

� A “public inquiry” in France:  
The form of this inquiry provided by the law (07.1983, in SNS, 1995) consists of a report of the project, with 
every phase elaborated, including a list of nuisances to be expected. This report is to be made available at the 
city hall, and the local population is to be invited to comment on the report and suggest modifications. This was 
done by the local nature and environment protection association, who reacted and suggested to rewrite the report 
because the ecological inventory was entirely missing in the impact study. The report was thus written again and 
led to the inclusion of this group in the consultation process. Six groups of actors were included (Table 4.15): 
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Table 4.15. Actors gathered in France. 

Entity Name Type of Activities  

State service Farming And Forest Local Authority  Regulation  

Environmental Regional Authority Regulation 

High Local Civil Service  Coordination, Supervision, Arbitration 

National Service For Hunting And 
Wild Fauna 

Regulation - Management 

French Electricity Company Running method (?) 

Inland Navigation Semi-public 
Service  

Running method –Planning 

Inland Navigation Service (SNS) Running method – Planning 

Local Council Of Fish (CSP) Regulation  

Cities Three different cities Management 

Ecologists  Nature Protection Federation Ecological Expertise  

Birds Protection Association  Ecological Expertise  

Communal Nature Protection 
Association 

Ecological Expertise  

Local Association Protecting The 
Natural Heritage 

Management Ecological Expertise 

Private Owners of forest plots Exploitation  

Farmer (1) Exploitation  

Leisure 
Associations 

Local Federation Of Fishermen  Use 

Local Hunting Association 
Local Hunting Federation 

Use 
Consultancy 

Scientists Public Laboratory (University) Pro Integrated Management - Ecological Expertise 

Research Consultancy Pro Integrated Management Ecological Expertise 
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� A selection based on preliminary interviews in Germany:  
A “moderation process” was developed and confided to an exterior mediator because of his impartiality 
regarding the project. Moderation consisted of preliminary interviews with all of the actors (see Table 4.16), who 
were invited to present their arguments and to draw up a proposition for a solution before the beginning of a 
lengthy discussion.  
 
 

Table 4.16. Actors gathered in Germany. 

 

Entity Name Involvement  

Local 
government 

High local civil service (3)  
Local service and protection of nature  
Local service for landplaning 
Forest department 

Pilot project, regulation 
 
Consultancy 

Municipality 7 (1 to five 5 representatives) Management 

Farmers Private farmer from the cities surrounding 
the project area  
Farming chamber (2) 

Exploitation 

Ecologists Ecologists association (2) Expertise 

Press (1)  Observation 

Fishermen Association (2) Expertise  

Other Consultancy association to eradicate 
mosquito (2) 

Expertise and consultancy 

Inhabitants Citizen initiative from the nearest city Opposition 

 

2. Definition phase: the dialogue process 

This phase is dedicated to the negotiation of the local innovation’s definition and adaptation.  

� Moderation 
In Germany, a series of round table discussions (3 meetings) was realized over the course of one year (LWK-RlP, 
2007). Various solutions were discussed in order to find common interests and to create a project integrating all of 
the concerns and queries raised during the discussion. Every group of actors proposed an implementation plan which 
included demands specific to the group they represented. At the end of the moderation process, the mediator passed 
the results to the project manager (the regional water administration authority) pointing out the key problems and the 
specific demands of each group. In case that the moderation committee fails in finding a consensus, the regional 
authority would decide unilaterally.  
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� Arbitration 
In France, the dialogue process was divided into different steps following the development of the project. The 
finalization of technical works led to a management committee being formed to implement further actions to be 
taken. The Sous-préfet (local high ranking civil servant) took the chair. At the same time, a scientific committee 
(limited to 5 years after the first flood) was put in charge to evaluate the effects of water retention on biotope and 
wild animal population. This committee consisted of scientists from public and private laboratories, ecologists and 
hunters. The committee elaborated various reports every year and a final report after five years.  
A large part of the dialogue process is concentrated on the collection of information relating to the specific area. 
This information is beneficial for developing a dialogue around a first common (and accepted) basis; it is a way to 
recognize the arguments put forth by every group and to legitimate the presence of these groups in the expertise 
committees (Rhodius, FOWARA, 2006). However, it does not eradicate controversy regarding the effectiveness of 
the purposes of these arguments (Callon et al., 2001). Indeed, the dialogue process is above all a discursive “battle” 
of arguments, especially if measures are not firmly implemented (e.g. in Germany) which may increase the demands 
in favour of structural measures. However, the positive effect of the controversy is, that when the information for the 
population is elaborated through balanced articles or public meetings, the conditions for a mitigated acceptance 
amongst the local population is given. This increases the possibility for approval of the project.  

 

3. Reception phase: perception and representation of measures 

Three stages of acceptance favourable or unfavourable to structural or non-structural measures were defined with the aid 
of the results of the interviews:  

� Arguments and measures readily accepted:  

� The consultation: improved expertise and interests of the participants 
In France, the consultation was adapted to every step of the project. Each of them was in charge of a specific 
management: 
A committee was dedicated to “ecological works”, it consisted of local associations of fishermen, hunters, nature 
and environment protection associations, scientists, civil servants for environment and forest conservation and 
protection, and the project manager. The concrete purpose of the committee and the informal meeting was to 
allow changes to be made to the project and to promote a more integrated management of the measure, instead of 
one based purely on hydraulics.  
An annual committee for the project was formed at be beginning of the technical works and finally became a 
management committee (after the first flooding). This committee comprised all the groups and individual actors 
involved. It was chaired by a high-ranking civil servant and the purpose of this committee was to resolve 
potential questions or concerns as well as further demands. The actors regarded this committee as the resonance 
chamber of their interests. The nature reserve committee is not directly involved in this process, but it may 
propose some modifications regarding the management of surfaces outside the period of flood. When the project 
manager acquired areas of competence, the management of these areas was divided amongst the actors involved 
previous to the creation of the polder, that is: those belonging to the association preserving the territorial 
integrity of the conservation area and the local forest service. This committee still exists, including a scientific 
monitoring group in charge of producing a complete inventory of the area before the implementation of the 
water retention project and afterwards evaluating the effects of the water retention project. Hunters are also 
involved in the decision process. They often engaged themselves out of personal interest and provided additional 
information about the large fauna. The micro-fauna is not included in the monitoring survey, since this survey 
only includes large fauna and reveals a hierarchy of animals to be monitored and those, which are not to be 
monitored at all.  
In Germany, a strict equality was given to each of these two groups in presenting their interests through an 
implementation plan.  
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� Compensation: two systems of compensation  
In France, it is based on the principle of a state approved assessment fixed in the Expropriation Code. The 
amounts of the compensation are not fixed by law (21.12.1983), but negotiated between the owner and the 
project manager. The owner can relinquish his property to the state whenever he wants, and in that case, it is 
definitive. For the project manager there are therefore two possibilities: i) the purchase of the areas after the 
owner has relinquished them. This was the case for the towns, which were compensated for the forest area that 
they relinquished. An agreement was signed prior to the preliminary works, on 12 January 1990 and it included 
compensations for two types of water retention; ii) the compensation for the area relinquished is to be paid at 
25% of its monetary value. This area includes the hunting plots located by the main city. 
In Germany (GWDLR, BW, 2002) the amounts of compensation are distinguished according to the location of 
the: 

- Areas located in the flood retention area:  
An easement is written in the land registry allowing the use of the area (most are communal 
properties) in order to realize flooding (retention or ecological flooding). This means that any 
speculation is thus impossible because areas are removed from the land market. Two types of 
compensation exist: i) a property compensation representing 20% of the monetary value of the 
property will be paid. The project manager becomes thus the owner; ii) an exploitation 
compensation for the flooded areas is paid (mostly forest or farming plots). The forest plots are 
paid in one instalment with a fixed easement, whereas the farming surfaces are individually paid 
after an objective evaluation of the real damage caused directly by the flood retention project. 

- Areas exterior to the flood retention area:  
Structural measures are taken in order to prevent residual risk of damage (e.g. for urban areas). A 
drainage system is implemented for cultures with a high value. In case of damage, the 
compensation is determined on an individual basis.  
In the case studies in Germany, the compensation was determined on reinforcing the still existing 
compensation agreement between the farming chamber and the local authority (LWK-RlP, 2007) 
concerning the increase of the groundwater level, according to the map of groundwater established 
after the 1999 flood. The compensation in the case of flooding is focused on the value of specific 
cultivation.  

� Discussion of measures chosen: the controversy 

� The flow in the area during the flood retention and the problem of stagnant water 
In France, the project is divided into three types of management according to the discharge of the Rhine 
(Trémolières, 2008):  

- When the discharge is higher than 1550 m3s-1 “reconnection” of river channels is implemented. 
The polder is opened through a specific technical measure insuring a flow of 30 m3s-1 in the 
channels. It is impossible to enact this reconnection at this rate of flow because of the “reserved 
flows”, insuring hydroelectric production downstream. 

- Ecological retention is realised when the discharge is larger than 2000 m3s-1  but only between 
June 1st through to  July 31st. The “ecological retention” scheme depends on the official 
authorization by a high-ranking civil servant (the Sous-Préfet), the only one responsible for the 
opening of the polder. 

- Finally, the flood retention is realized when the discharge is larger than 3600 m3s-1. In each step of 
flood management, critics emerge concerning the efficiency of the lock system and pre-established 
discharge. The process is automatically programmed. The benefits expected for the fish and 
alluvial systems are not effective according to the fishermen and the ecologists. The ecological 
retention is unsatisfying because the water is not as dynamic as it should be.  
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The discussion regarding an appropriate discharge management is still included in the moderation process. The 
stagnant water issue calls to a rapid solution to eradicate the mosquito problem, which appears near urban areas, 
but also to avoid waterlogged farming areas. The association representing the inhabitants was mobilized on this 
issue and before finding a consensus on the measures to implement, the consultancy of an expert of the 
association in mosquito eradication had to be included.  

� The security measures: accessibility of the area in case of flood 
In France, considering the automation and the geographic characteristics of the area, a security plan was 
elaborated (Préfecture du Bas-Rhin, 2004) for the opening of the polder in the case of water retention. It is 
composed of sixteen points; everyone regulates a specific phase of the retention. This document is defined as a 
preventive means to integrate in every aspect preoccupations concerning security. These sixteen points have the 
purpose of help the different responsible services (firefighters, project employees, national and local police 
services, the Prefecture) to assure efficiency  

- Issuing alerts and information among the population in and outside the area 
- Implementation of management measures in maximum security conditions 
- Assistance to potentially jeopardized local groups or individuals 

As soon as the high-ranking civil servant gives his approval, two communiqués are made: i) the first one is made 
regarding the whole Rhine to inform the navigation and the cross-border authorities of the implementation of the 
polder. The area is evacuated and the population is notified by road signs and the enclosure of the area (system 
of automatic gates); ii) the second one is made by the head of the local authority and the population is notified 
via sirens and road signs stationed at the entrance to the area.  Following these security measures, filling 
commences. During this phase, police patrols control the area. The filling phase is completed in ten hours. The 
duration of the implementation of the flood retention (opening phase) does not exceed forty-eight hours.  
The duration of the water retention phase can take a few hours or many days, but does not exceed twelve days. 
The mean duration is around four to seven days. After a last control and the total emptying is completed, the 
gates are opened.  
This plan was elaborated in reference to the risk perception of a re-flooded area in France. Whereas the security 
plan is generally reduced in Germany to road signs informing the population of putting themselves at risk by 
being in this area, the management in France is based on a high-level of control, which limits the human 
presence during the flood phase and which gives more room to the threatened fauna. The unfortunate examples 
of the first polder in France and the polder of Altenheim in Germany, which caused damage to wild animal 
populations has led to the present high level of security.  

� The opposition on ecological retention 
In both cases, it appears that if the principle of flood retention for ten years discharges is not rejected, the probability 
of annual ecological water retention is unbearable. Even if it is a definitive purpose of the implementation of the 
flood protection program, the main users will give their flat refusal from the beginning of the consultation.  
In France, once again the programmed implementation of retention limits the ecological retention to a short period 
of two months (May to July). In July 2007, the discharge conditions occurred and the first alert announced in the 
middle of the day. But finally, everything was stopped due to pressure made by the hunters and the mayor. These 
actors had common interests regarding the postponement of ecological water retention. For the municipality this 
means to maintain the number of hunting plots rented. For the hunter it is a way to avoid casualties amongst 
populations of big fauna. For these two actors, the ecological retention is seen as limitation of their uses and as 
“playground” of scientists using the forest as an open laboratory.   
In Germany, the competition is not so strong but an opposition exists amongst ecologists, local users and 
representatives of the interests of the population. A measure is put in place to reduce the ecological water retention 
areas to the strict limits of the nature conservation area and a decision in favour of technical measures instead of a 
dyke is planned. The redynamization of discharge conditions in the floodplains is limited and the project is reduced 
to extreme flood retention.  
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The social acceptance by the concerned actors involved in the implementation of the flood protection measures 
depends on the perception of elements limiting their uses. Thus, it appears that the social demand goes in favour of:  

- The control of the frequency of flood retention: therefore, annual programmed ecological retention 
is rejected. 

- The control of the discharge during the water retention phase to assure a balanced flooding of 
“fragile” systems. 

- The guarantee of a minimum of security to limit human and animal casualties.  
- The limitation of residual nuisances “poisoning” the use of the landscape.  

 
Whereas the analysis of WP2 (hydromorphology) and WP3 (ecology) insist both on restoring floodplains to enhance 
natural retention effects, the sociological study underlines the social limits to create such areas. The requirements of each 
actor regarding the conditions of retention (frequency and discharge) may force the project towards technical-controlled 
solutions which can be problematic for the decision maker. Indeed, this would also imply to invest financially in security 
programs and in technical facilities. Having done so far, the next step would lead the project even more towards a strict 
flood management, e.g. in France, where the territory has been technically controlled. In that case, any modifications of 
one part of the area (e.g. ecological flooding of polder) caused modifications for the other uses (e.g. impact on deer). 
Further problems evoke if the flooding depends on the decision of one or a limited group of actors.  
Non-structural measures put responsibility into perspective: the flooding of inundation areas would depend on natural 
processes and not on political decision. In the case of dyke-displacements, a spatially differentiated view could help to 
decide whether non-structural natural retention (e.g. in free flowing reaches) or technical controlled retention (e.g. in the 
proximity of settlements) should be applied. The FEM method allows to evaluate exactly this difference. 
 

4.3.1.2 Social acceptance of local population of the case studies 

 
In order to define the ability of a local population to accept modifications to their living space, the following points will 
be discussed: 

- The condition of acceptance: risk perception and evaluation of potential risk  
- Knowledge concerning the polder project: which source of information? Which perception of 

social and ecological local benefits and regional benefits? The ability of the population to accept 
the implementation of a project that will not be directly used by them.  

- Elements revealing the degree of acceptance: compatibility with the components of the site and 
global remarks.  

 
Therefore, the scheme of acceptance defined in 4.3.1.1 will be taken up again. 
 

� Subject of acceptance (demographic composition of the samples) 
Four biographic elements were selected to comprehend the construction of risk perception facilitating or opposing 
the implementation of a water retention zone in a specific area.   

� Localization of the interviewees 
In the both cases studied, we reach a number of approximately 60% of the interviewees living nearby the project 
area (Figure 4.45); less than 20% come from the periphery (less than 10 km away from the concerned area) and 
the rest is composed of visitors coming from farther away (more than 10 km from the concerned area).  
The information coming from this last group is used in order to have an idea of the regional perception of flood 
protection. 
The purpose of this answer was to see if risk perception increases among inhabitants living nearest to the Rhine.  
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Figure 4.45. Localization of the interviewees.  Figure 4.46. Frequency of visits. 

� Frequency of visits  
The frequency of visits (  Figure 4.46) was a possibility to organize a hierarchy among the visitors according to 
their activity and route taken, to capture the perception of the area's evolution and to estimate their answers to 
our questions relative to the projected implementation of a polder.  

� Age of the interviewees 
The memory concerning past flood events in risk perception was investigated.  
Most of the interviewees were aged between 41 to more than 61 years (Figure 4.47). Even if it is not 
representative for the whole population of the surrounding urban areas, it helps to understand the composition of 
population using the area for leisure principally, but also for specific activities (harvest, wood cutting) and their 
concerns vis-à-vis the project  
 

      
Figure 4.47. Age of the interviewees. Figure 4.48. Occupation of the interviewees. 

 

� Occupation of the interviewees 
The majority of the interviewees is retired (Figure 4.48). The active population is employed.  
The hypothesis is that the younger the population is (having recently invested in the local area, e.g. to build 
homes), the higher the danger of being flooded is perceived. On the contrary, the older the concerned people are, 
the more is the flood danger put in perspective.  

 
These four elements were crossed with the other questions during the statistical analysis to test the hypothesis of their role 
in flood perception. The localization and the age were mainly used for analysing the risk perception.  
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� Context of acceptance (the perception of flood risk) 
The purpose of this first question was to know the 
perception (objective or subjective) of the population to 
flood events along the river Rhine (Figure 4.49).  

 
 
 

Figure 4.49. Perception of flood increase. 

 

The difference observed between the two samples can be explained: 

� By the elements responsible for flood events in Germany, explaining the high rate of the category “moderate 
increase”: 
It is interesting to note that: 

- Snowfall and rainfall are firstly responsible for 40% of the interviewees. For 66% flooding is 
above all a natural phenomenon.  

- Secondly, it is the result of the climate change for 20% of the interviewees.   

� By the distance and the geography of the area visited.  
In France, the distance from the entrance of the area to the Rhine is approximately 5 km. Access to the Rhine is 
only given by the hard passable paths in the nature reserve. Thus, the surrounding population of the area is not in 
direct proximity to the Rhine. Moreover, the canalised Rhine reduces the possibility to see high levels of flood, 
the area being also totally closed in the case of ecological water retention. It is also relevant to see that the effects 
of flood on a canalised river are not as evident as in the case of a sustained river.  
In Germany, the geography is different: even though high dykes for winter flood events exist, they are not a 
barrier, but more an appeal to the visitors. The Rhine is directly accessible. Moreover, each water rise is visible 
from the top of the dykes even from one of the cities. This is why the interviewees in Germany are numerous to 
claim to have seen a flood.  

� By the perception of flood frequency 
The population was asked if and when the last flood was seen in the area (Figure 4.50 and   
 Figure 4.51).  
 

      
Figure 4.50. Flood seen in the area.    Figure 4.51. Last flood event seen. 

The perception of flooding is very vast. The high rate of “no answer” can be explained by the fact that flood is 
not considered as a particular event (bad or good) but as an event among others with a character that is 
sometimes banal. It seems that this is an event easy to see but not affecting the life style. This question crossed 
with the localization shows an interesting difference: people living in the periphery along the Rhine indicated to 
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see floods every year whereas people of the main city concerned, have seen the last flood four to five years or 
even fifty years ago. 
 
This first analyse is confirmed with the question concerning flood as cause for concern.  

 

� Flood as a cause for concern 
For the majority of the visitors of the two cases studied, flood is not a cause for concern (Figure 4.52). These 
results are confirmed in Germany with the rate of people affected by flood: 83% answer “no”, the rest 12% were 
affected by groundwater rising (3%) or by closed roads (2%). 
The elderly are the more likely to answer ‘no’ whereas the younger are equally likely to be worried about floods. 
It seems that the cause of concern is relative to the memory of past floods allowing a relative analysis due to the 
years of residence in a flood zone. The younger are 
divided and believe that the risk of flood exists only 
for local villages. Only one half of the interviewees 
believes the same in Germany. This point of view is 
common among people aged between 31 to 50 
years, who maybe worry more about the possible 
effects of flood on their lives (many of them have 
invested in a house and have young children).  
The French were not asked: because due to the 
artificial hydrological network installed in the area, 
flood in this sector has been ruled out since the end 
of the 1970ies.  

Figure 4.52. Flood as cause for concern. 

 
The majority of the information regarding flood comes from the media. In Germany, this is the case for 95% of 
the interviewees. The newspapers are considered as the first reliable source of information followed by television 
and internet. The population estimates being well informed and knowing exactly where they can find 
information. In France even though it is the media that is considered as the primary source of information, the 
French believe that they are not well-informed (58% of the sample), and a small majority wants access to 
improved information (50%).  
 

� Definition of flood: as a risk or as a danger 
The interviewees were asked to associate one of these two terms to define flood (Figure 4.53 and Figure 4.54). A 
risk is the perception of the probability of a danger more or less foreseeable by a risk individual or risk social 
group (Veyret, 2005).  
The purpose is thus to know if the local population considers to be at risk by living in this area.  
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Figure 4.53. Flood as a risk.      Figure 4.54. Flood as a danger. 
 

The majority of the French sample define flood as a risk factor. ‘The majority of persons living in the periphery 
answered “yes”, all ages taken into account (14% of the less than 30 years old and 14% of the interviewees aged 
between 51 to more than 61 years old). The reason for this point of view must be found in the local 
hydrographical network analysis: a river, linked to the Rhine crosses the main town in the periphery and is seen 
as a possible risk for the nearby residential area.  
Therefore, it is rather the general idea of “flood”, rather than the flooding of the Rhine in special, which is 
perceived as a risk. This perception is nevertheless interesting compared with the risk evaluation of the ICPR 
(2001) of the flood risk in the whole area, which is very low.  
For the German sample, the majority answered “no”: here again, the age influenced the answer. The younger 
were more likely to consider floods as a risk. The rest of the interviewees coming from other parts of the sector 
surrounding the area are divided. Interviewees coming from the nearest city of the project area are aware that 
they are living in a risk zone (29% answering “yes” to this question come from the nearest city).  
Some of the interviewees (17%) explained their answer first, that flood can be an important cause of destruction 
of buildings and facilities. Secondly, an equal frequency of negative answers regarding the damages for the 
nature conservation area was given. The visitors answers do not explain it by the control of the risk thanks to the 
dyke reinforcement but also because the risk does not affect villages.  
Interviewees have many difficulties explaining their answer, which can be analysed as a lack of knowledge of 
flood. 27% consider flood as an artificial phenomenon. This leads to the perception of flood as a danger defined 
as an objective probability (Veyret, 2005). 
 
The differences are not evident in the two cases:  

- In France, arguments are given (40% of answers) that firstly flood causes damages to humans and 
facilities, and secondly threatens nature and fauna. A few of the interviewees considers the danger 
only in Germany and as the result of its unpredictability.  

- In Germany, a small majority of interviewees perceives flood as a danger, almost one third explain 
it by damages to human life and facilities. 17% think that local cities are not concerned. 

But, it is interesting to remind ourselves that for 20% of the interviewees climate change is responsible for 
flooding after rainfall and snowfall (40%) which corresponds to an objective criterion as dangerous.  
 

� Object of acceptance (project of the flood retention area) 
The majority of the visitors in both cases know that a polder still exists or is planned (86%) of all localizations taken 
into account (see Figure 4.55): even people coming from outside the periphery of the area know of the polder. This 
indicates local knowledge of flood protection measures.  
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Figure 4.55. Do you know the project?     Figure 4.56. Polder’s functioning. 

 
A difference of perception in the polder’s functions (see Figure 4.56) appears:  

- In France, the implementation is still pursued; 74% of interviewees know that the polder was built 
to retain flood and almost the majority is able to define all the phases of water retention filling, 
retention and emptying). Less than 20% define in general terms the polder as a bowl or a 
receptacle. It is also metaphoric to define the polder as a bowl, and can be analysed as a way to 
criticize the controlled polder.  For one fourth of the sample the polder is defined as a security 
measure more in the sense of prevention.  

- In Germany, the polder is still discussed but is presented as a polder for an extreme flood event. 
The definition corresponds better to a bowl or a receptacle. More than 20% know the term of flood 
retention because of examples still existing in the region. Approximately 63% of the German 
visitors know other polder localizations but only 36% know other local implementations and 19% 
know examples in Baden Württemberg.  In France, 83% of the visitors do not know the second 
polder implemented and only 10% know the polder in Germany.  

This lack of knowledge is quite interesting, because in this case the polder is implemented just directly on the 
German bank to the opposite of the French polder. It reveals a perception limited to one area and reveals the low 
sensitivity to cross-border solidarity.  
Many of the visitors criticized the selection of the area: not because it was near their home, but because the whole 
program of flood protection is before all understood to protect the populations downstream, mostly living in 
Germany (according to the French sample) and to protect the big local capitals as well as their industries (e.g. in 
Ludwigshafen). 
 

      
Figure 4.57. Social benefits.     Figure 4.58. Effectiveness of a project. 
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The French sample knows that the polder is the result of a Franco-German agreement. In the sample composed of 
aged people, the polder’s implementation is perceived as “surrender” to German interests (see Figure 4.57). The 
memory of the war and the complicated relationship amongst the populations of the Rhine (seen as a border) are 
explained by the critics. Therefore, a majority of interviewees aged between 51 to 61 years answered in favour of 
the protection of people living downstream.  
The effectiveness of a polder to reduce the effects of flooding is recognized as rather positive. This was the case for 
a majority of the interviewees (Figure 4.58).  
The project manager is unknown in both cases: this was the case for 72% of the interviewees in France although the 
project manager was announced at road signs at the entrance of the area.  
In general, the official users of the area are not known. We asked the visitors about the manager of the nature 
reserve: 80% in France and 86% in Germany didn’t know him. Even if their names appear on road signs, the 
knowledge of the main users of the area is more informal: for example, the main users of the nature reserve in 
France are hunters. Those are known in 74% of the case because many visitors knew directly hunters and their local 
representative in the nearest city.  
This fact is important in the evaluation of the compatibility between the polder and the components of the area: 
In France, a majority of interviewees (38%) considered that the polder’s implementation was not really compatible 
with hunting. The reason given when interviewees were ask to explain the answer (only 8%) is the duration of the 
water retention phase and the force of the discharge followed by an  increase of the large fauna’s mortality. The 
explanation is relatively precise and corresponds to the main arguments, largely exposed in the local newspapers, 
used by hunters. 28% considered that it was compatible with hunting, water retention being seen for a few 
interviewees as a natural process less destructive than hunting (see Figure 4.59). 
In Germany, the problem was concentrated regarding the farming areas. The interviewees were thus asked questions 
regarding the compatibility between these areas and the polder project. 56% of the answers, all localizations taken 
into account, considered that the polder was not at all compatible with farming. If the answer was explained as 
logical for people coming out of the concerned area, the interpersonal relationships may also play an important role 
in the cities and partnerships with local farmers can exist.  In Germany 44% of the interviewees considered that the 
area is adapted to flood retention. This answer concerns people living inside and outside the periphery.  
The cities surrounding the area show different results of the investigation:  

- For the western city in which the mayor is more opposed to the project, the results are the 
following: 

• One fourth of the interviewees coming from the area do not think that it is adapted to the 
flood retention.  

• Three fourths of the interviewees do not think a polder can be compatible with a nature 
reserve (almost one half thinks it is not really compatible, one third not at all compatible) 

• The polder is understood as not being compatible with farming (two thirds not at all 
compatible, one third not really compatible).  

- The nearest city showed a more widespread perception of this question: 
• A bit more than one fourth of the interviewees coming from this city think that the area is 

not at all compatible with a polder project. Less than one half of the interviewees were not 
able to answer.  

• Considering the nature reserve one third thinks that a nature reserve is not at all compatible 
with a polder and almost one half believes that it is not really compatible.  

• Same results were obtained regarding the compatibility with agricultural purposes. 
• One third of interviewees judged the polder as a local danger for nature and farming. 
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Figure 4.59. Compatibility with nature reserve.   Figure 4.60. Information source regarding the project. 

 
This point of view may be crossed with the sources of information relating to the project. For most of the visitors, 
the information comes from the media (47% in Germany and 24% in France) locally available (local media, radio, 
local television). But, the difference is located in the second source of information. 
 
Indeed, the second social source of information is, in Germany, the city hall; whereas it is the circle of friends, 
family or neighbours in France (14%) which explains the penetration of the hunters’ arguments in the debate. In 
Germany, the project is still discussed (Figure 4.60). Thus, it appears normal that at this point in the project, the 
local authority is in a good position to make decisions. However, the question of compatibility shows the influence 
of the mayor’s official position and perception of the project:  

- In the western city, the opposition of the mayor is shared by the population. No controversial point 
of view exists in the city.  

- On the contrary in the southern city: the mayor is favourable to the project and is in opposition to a 
citizen initiative located in the city, after having convened a public meeting. Acceptance is thus 
mitigated by the controversy existing in this part of the project area.  

 
The influence of this source is also interesting to analyse the perception of the ecological benefits of the project.  
The majority of visitors were unable to express any opinion about that topic.  

 

 
Figure 4.61. Ecological benefits of a project. 

 
Only the people having an interest in nature are able to argue the polder’s implementation as ecologically beneficial. 
The high rate of “no answer” (see Figure 4.61) can be analysed: i) as to keep the area in its current state: ii) as the 
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failure of ecological arguments to penetrate the local media. Even in France, despite the presence of a local nature 
preservation group.  
But the sensitivity towards concerns regarding nature exists as a major question concerning other possible measures 
to implement for flood protection. Indeed, for approximately 19% of the visitors in Germany the alluvial areas must 
be “re- natured”. This means to keep and improve its quality in general. The second measure favoured is the 
reinforcement of the dyke (19%), mainly for the two cities in the direct vicinity of the area. This opinion is shared 
almost equally with the “re-natured” measure. Concerning the dyke-displacement, considered as the best social and 
ecological measure, the interviewees coming from the southern city are the most likely to be in favour of this 
measure. The controversy must play here again an important role.  

 
The statistical analysis emphasizes: 

� The difficulties in evaluating objectively the flood risk factor and thus the need of flood retention zone, so that 
measures are not only percept as flood prevention for the downstream living population. However the interviewees 
considered flood not as a cause for concern, but the fear of residual flood risk exists locally (Theys & Fabiani, 1987) 
and is interpreted as a consequence of  flood management (e.g. for the local environment) or of climate change (as 
secondly responsible for flood). Hence, there are difficulties to give a clear definition to the term “flood”.  
Thus, the interviewees are in favour of a status quo expressed in the dyke reinforcement. The dykes are seen as the 
best solutions to protect them from flood.  
The perception of flood depends mainly on the relationship to the project area: the local population perceives 
inundation areas as a park or as an extension of their private property. The knowledge of the population about 
ecology is very inaccurate and superficial. Any events that may disturb this seeming equilibrium of nature (e.g. 
hunting, but also natural flooding) are regarded as undesirable and lead to the rejection of such projects by the 
population. Concerning the question of the “amount of nature” that is accepted or not, mosquito plagues appear to be 
very relevant. Hence, mosquitos coming from wetlands are seen as an insufferable consequence of floodings. The 
social demand in favour of control concerning this problem is particularly high in restored floodplains such as the 
Kühkopf. Surprisingly, the chemical eradication of mosquito is favourably perceived as not disturbing wild animals 
and vegetation. Since mosquitos occur in both situations (natural retention and maybe even more in polders) there 
has to be a strong increase in improving knowledge and public awareness of the real situation. The FEM method 
allows to integrate this step in the evaluation procedure.  
 

� A problem appears concerning the ecological purposes of flood protection. The use and the perception of the area is 
limited to a very restricted point of view which does not include any concern for the problems of the ecosystem. 
Thus, the ecological arguments have many difficulties to be integrated in the perception (e.g. almost 7/10 
interviewees in Germany were unable to answer the question about the ecological benefits) because information 
about ecology is minimized or occulted by the main actors included in the consultation process and locally 
controlling of the channel information. The ecological benefits are not known, which is not only relevant for the 
acceptance of integrated management but also in anticipation of climate change management. The issue is always 
regarding the perception of human-nature relationships (Schlepütz, 2004) implying much more control of a flood’s 
ecological effects (mosquito eradication). Summing up, the acceptance of non-structural measures is not yet 
established.  

 

4.3.2 Sectoral sociological results (FEM) 

The results presented in chapter 4.1 served as basis for the finding of the following sociological parameters. The 
conditions are evaluated as the following (Table 4.17):  
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Table 4.17. Ranking scheme for the sectoral sociological FEM evaluation.  

condition Priority 

not problematic; measures easily to be implemented top priority 

resolvable problematic medium priority 

problematic; measures hardly to be implemented low priority 

4.3.2.1 Distribution and type of uses in the local area 

Firstly, it is necessary to evaluate the “social weight” of the main usage of the project area (see Table 4.18).  
In the case presented two main uses where found: economic uses and uses for leisure activities (such as hunting and 
harvesting). These types of use determine the perception of a polder’s function regarding the discharge level and 
compatibility with nature conservation and sustainability.  
For each of the uses selected, three criteria exist: 
 

� The intensity and the extensionality of the uses in and out of the project area 
The need and the land consumption are under discussion. 

� The extensionality refers to distribution of activities in the area: the more the activity is extensive, the more it 
will be difficult to combine the flood prevention in terms of discharge and area, particularly if the project is 
differentiated in ecological retention and flood retention (cp. French example).  

� The intensity refers to the concentration of a specific activity in a relatively small area. 
 

� The localization 
Indeed, it will be difficult to establish permanent uses on plots that are located in the area. On the contrary, it is 
“easier” to negotiate such uses if the plot is outside the area. This principle is still included in the compensation 
program developed in Germany. The advantages of this system are to compensate on the basis of an objective 
evaluation of the damages considered as higher inside the flooded area, but also to recognize for the user in the area 
a different status compared to the others. It is important to link this fact with the characteristics of the activity. 

 

� Features of the use 
Two characteristics are selected:  

� The exploitation  

� The property  
 
Indeed, if the activity is part of the exploitation and if the user is the unique renter, it will be easier to find a solution 
concerning the implementation of the flood retention area. If many actors are concerned and have different interests, 
the negotiation will be more complicated. The same thing may happen in the case of property issues. On that topic, 
it is favourably to establish the local expectation towards a possible development of touristic activities and the 
improvement of the quality of the natural conservation zone. The flood retention area may be perceived as an 
opportunity to develop a politically oriented action (e.g. the LIFE Program in Rhinau, France).  
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Table 4.18. Type of uses.  

Type of uses 

Economic uses Leisure uses 

Forest Farming 
Hunting, sport, fishing, 

harvesting 

in the project area 
extensive 

extensive  
(e.g. grassland) 

extensive 

intensive 
intensive  

(e.g. monoculture) 
intensive 

outside the  
project area (dykes 
and forests) 

extensive extensive extensive 

intensive intensive intensive 

concerning 
property 
(communal, 
private, collective) 

one owner one owner one owner 

two owners two owners two owners 

more than two owner more than two owner more than two owner 

concerning 
exploitation 

one owner one owner one owner 

two owners two owners two owners 

more than two owner more than two owner more than two owner 

part in  
local economics 

Less than 10% Less than 10% Less than 10% 

between 10% to 30% between 10% to 30% between 10% to 30% 

more than 30% more than 30% more than 30% 

part of  
local territory 

Less than 10% Less than 10% Less than 10% 

between 10% to 30% between 10% to 30% between 10% to 30% 

more than 30% more than 30% more than 30% 

part in  
local properties 

Less than 10% Less than 10% Less than 10% 

between 10% to 30% between 10% to 30% between 10% to 30% 

more than 30% more than 30% more than 30% 
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4.3.2.2 Distribution of actors in the channel communication 

This second criterion refers to three aspects of the social weight of each organized actor (farmers, mayors, ecologists, 
residents, hunters, fishermen and project managers) in the local area (see Table 4.19). 

� The type of local representation: 
The type of local representation (union, association, department of local government) must be evaluated: the more 
the use is organised and the more the representatives are numerous and locally well established, the more the 
negotiation will be difficult, mainly in the consultation process. Moreover, it increases the possible medium of 
communication.  

� The media of communication 
Two scales of media exist: 

� The regional media: this scale is important to disseminate the arguments to the other organized actors but also to 
the whole population. 

� The local media: this is the best scale to communicate to the population via press and TV. If this information is 
transferred into informal and localized communication, the arguments of the main organized actors have more 
chance to be accepted in the local population.   

� The position in the local channel of information  
The position in the local channel (first source or second source) may reinforce the informal communication.  
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Table 4.19. Channel communication.  

 

 Farmers Mayors Ecologists Hunters Fishermen Residents 

Local 
representation 
 

Association Association Association Association Association Association 

Union - - Union Union - 

Local state 
department 

- 
Local state 
department 

Local state 
department 

Local state 
department 

- 

Medium of 
communication 

Communal 
newspaper 

Communal 
newspaper 
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4.3.2.3 Conclusion  

According to the sociological results, the basis  of flood retention acceptance is directly linked to the “amount of nature” 
that the local actors and the population are willing to accept. The perception of a “tolerable” nature is very subjective and 
so this argument will be used by both, main actors as well as local population, if they are in opposition to the project. This 
opposition will be even strengthened if the involved persons do not have the impression of being well protected by such 
measures. In contrast, technical solutions are often regarded as a good way to preserve the landscape that is misleadingly 
perceived as nature. Nature in terms of a functioning ecosystem is often not recognised by the people and therefore 
numerous provisos against natural flooding exist.  
Furthermore, natural floodplains are sometimes regarded as an unappealing, anarchical landscape generating undesired 
effects like mosquito proliferation but also the divesting of the territorial regulation by the opening to actors perceived as 
exteriors (like the project manager or ecological activists). Summarising, the tolerance to uncontrolled nature is limited 
and re-flooding might be perceived as a disturbance of their idea of nature.  Thus the FEM method is very important as an 
objective way to evaluate the effectiveness of  various natural like or artificial retention measures AND to include the 
society into the planning process (participation), which leads eventually to an increasing positive attitude towards non 
structural retention. 
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4.4 Collaborative Research Project PRO_Floodplain 

 
The interdisciplinary outcome of this project is the floodplain evaluation matrix (FEM), integrating technical, ecological 
and sociological aspects. FEM is a method of evaluating various floodplain areas with respect to hydromorphology, 
ecology and sociology, leading to a priority ranking within a river catchment or river reach.  
 

4.4.1 Floodplain Evaluation Matrix FEM 

After the individual evaluations are done for the three sectoral disciplines hydromorphology, ecology and sociology, the 
results are assembled in the FEM-matrix. Furthermore, hydraulic purposes are considered in the advanced FEM+ matrix. 
The evaluation of individual FEM parameters leads to a total evaluation in each sectoral discipline (summation of points 
divided by the number of parameters) and furthermore to a classification in the priority ranking. The evaluation scheme is 
composed of three priority stages:  
 

- top priority (5 points, code colour: blue) 
- medium priority (3 points, code colour: green) 
- low priority (1 point, code colour: red) 

 

The FEM priority ranking indicates where non-structural measures are most powerful with regard to hydromorphology, 
ecology and/or sociology and where effort should be spent first. The FEM procedure does not state that floodplains with 
low priority are of no value or can be used otherwise than for flood risk management. Such floodplains still have great 
value for higher risks (e.g. climate change) and hydraulic purposes (included in FEM+).  
Any further assembling or mixing of the sectoral results to obtain one total value for floodplain evaluation is left to the 
policy makers by weighting the sectoral results – depending on the specific situation – individually. Therefore, the results 
of the sociological analysis may help to recognise the requests and needs of the population and highlight deficiencies in 
knowledge and information leading to a participation process. 
 
This report presents a completely new method for evaluating river floodplains in an integrated approach. The sectoral 
evaluation criteria were developed and tested at different study sites. The FEM parameters are not site-specific and thus 
the FEM methodology is generally applicable for floodplain evaluation across Europe. Great emphasis was given to the 
fact, that every river and every catchment has its own typical characteristics, considered in the arbitrary range of 
evaluated parameters.  
Finally, the obtained Floodplain Evaluation Matrix was successfully applied to the Kamp River in Austria. However, this 
represents only the beginning in research and requires further investigation and justification at various study sites across 
Europe.  
 
Example of the successful integrated evaluation (Kamp River) 
A comparison of the three different sub-reaches of the Kamp River is exemplarily shown in Figure 4.62 (cp. the case 
study of the Kamp River in chapter 4.1.4 combined with the results of the ecological and the sociological investigations). 
The example of the Kamp River carried out for a one hundred years flood shows that sub-reach 1 is almost considered 
having top priority, only hydromorphology is rated with “low priority”. Preservation of existing floodplains in this sub-
reach seems to be of particular importance especially towards hydraulic and ecological purposes. Sub-reach 2.1 is 
primary rated as “medium priority”, the rating “low priority” for the sociology shows that the implementation of 
measures may cause difficulties. Unlike sub-reach 2.2 which is characterized by good hydromorphological and hydraulic 
behaviour rated as “top priority”. Thus, flood protection measures will be most effective in this sub-reach. However, the 
moderate ranking for ecology and sociology indicates that improvement for these subject groups is still needed.  
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Figure 4.62. Example of the FEM for the Kamp River (HQ100).    *) Economics will be integrated in FEM++ 
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4.4.2 Time Scale of the FEM-Scheme 

The sectoral FEM investigations follow certain time steps. The “milestones” are shown in Figure 4.63. 
 

 
Figure 4.63. Time scale for the sectoral FEM investigations. 
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4.4.3 Spatial Resolution of the FEM-Scheme 

The sectoral FEM investigations are carried out on different spatial levels, going from large scale to small scale (see 
Figure 4.64).  

 
Figure 4.64. Spatial resolution for the sectoral FEM investigations.  
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4.5 List of common interdisciplinary supported statements 

 
In this chapter summarised statements of the interdisciplinary Pro-Floodplain findings are presented:  

� River floodplains play a central role in integrated flood risk management. They contribute significantly to the 
reduction of peak flows and to the prolongation of the wave translation not only for a certain design discharge (like 
structural measures) but also for higher discharges.  

� Furthermore they fulfil other important functions like serving as sediment puffers or improving local hydraulic 
conditions. It can be noted that non-technical solutions reach more natural and thus better developments.  

� Since over the last decades an enhanced loss of floodplains for being used as construction area for settlements, 
infrastructure etc. has to be observed and thus the vulnerability of the society for flooding is significantly higher and 
the ecological needs are not met anymore, flood risk reduction by preserving and restoring river floodplains gains 
increasing importance. If the last remaining inundation areas are not preserved and where possible restored, both 
flood risk management and ecology will reach limits and thus restrict future sustainable developments of society. 

� Both, preserving as well as restoring of river floodplains represent an environmentally compatible and cost effective 
flood protection.  

� There exists also a background regarding the environmental laws (European Union Water Framework Directive, 
European Union Floods Directive); with the protection and the restoration of floodplains for flood risk reduction the 
states can fulfil parallel national and international targets for environmental and nature protection.  

� The concept of PRO_Floodplain points out the fact that flood and floodplain management can accompany and 
therefore highlights the relevant evaluation parameters.  

� In principal the whole society may benefit from the research, since floodplain are one of the backbones for a 
functioning flood risk management. By including ecology Nature is also benefiting through either preservation or 
restoration of floodplains. 

� The interdisciplinary outcome of this paper is the floodplain evaluation matrix (FEM), integrating technical, 
ecological and sociological aspects. FEM is a method of evaluating various floodplain areas with respect to 
hydromorphology, ecology and sociology, leading to a priority ranking within a river catchment or river reach. 
Thereby, representative parameters have been chosen. 

� The FEM priority ranking indicates where non-structural measures are most powerful and where effort should be 
spent first. The FEM procedure does not state that floodplains with low priority are of no value or can be used 
otherwise than for flood risk management. Such floodplains still have great values for higher risks (e.g. climate 
change) and hydraulic purposes (included in FEM+).  

� It is also a good opportunity to implement an interdisciplinary approach for the possibly emerging problems.  

� In other terms, flood risk perception is not constrained: it is thus important to anticipate the possible elements 
affecting positively or negatively this perception.  

� The Floodplain Evaluation Matrix FEM is recommended as method being applied to river basins for preparing 
decisions as to preserve or restore river floodplains. 

� The results of FEM can be used to legally binding restrictions of further use of floodplains when being essential for 
flood risk management. 

� Where possible an integral planning of floodplain preservation or restoration should be performed, including 
technical, ecological and sociological approaches. 
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According to the sociological results, the preservation and the restoration of floodplains appear as an opportunity in two 
ways:  

� Firstly, it is a way to create another relationship between society and environment. In this way, the implementation 
of non-structural measures is the best solution to change the principle of “colonization of natural process” (Fischer–
Kowalski, Haberl, 1998) contained in the past nature management. That’s why the project manager must support 
ecological arguments as also useful for the human uses (e.g. the improvement of groundwater quality and quantity). 

� Secondly, it is a method to re-adapt the population to frequent natural events in anticipation of climate change. The 
more people become accustomed to flood in their environment, the more there is the opportunity to improve social 
adaptation to natural constraint. That’s why, the limit of retention to extreme flooding or to flood retention, appears 
as a deceptive solution. The project manager could inform the population on the benefits to create conditions to 
accept a natural event instead of being surprised by a major flood.   
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5 Discussion of Results 

Different premises were obligatory for the development of the floodplain evaluation matrix (FEM): it should possess 
a simple structure, be working beneficial and cost effective, if possible to be accomplished based on existing data, be 
applicable for the European Union and give a first overview for the suitability of areas for non-technical flood risk 
management measures by preserving and restoring river floodplains. 
 
The FEM parameters are suitable for the identification and a first evaluation of potential flood inundation areas, 
likewise for individual and for comparative views between different areas with respect to a priority list. If a decision 
for a concrete area has been made, detailed investigations should be accomplished: This more detailed working level 
is suggested in form of FEM+.  
 

� Regarding the hydromorphology river floodplains play a central role in integrated flood risk management. They 
contribute significantly to the reduction of peak flows and to the prolongation of the wave translation not only 
for a certain design discharge (like structural measures) but also for higher discharges. Furthermore they fulfil 
other important functions like serving as sediment puffers or improving local hydraulic conditions.  

 

� With respect to ecology it can be noted that non-technical solutions reach more natural and thus better 
developments of the different examined parameters. Both, preserving as well as restoring of river floodplains 
represent an environmentally compatible and cost effective flood protection (normally polder solutions are 
more expensive then e.g. dyke-displacements). There exists also a background regarding the environmental 
laws (European Union Water Framework Directive, European Union Floods Directive); with the protection and 
the restoration of floodplains for flood risk reduction the states can fulfil parallel national and international 
targets for environmental and nature protection.  

 

� Concerning the sociology two main aspects influencing the social acceptance of non-technical measures were 
found: the type of usage of a floodplain area and the channel of communication in which information about 
measures is disseminated.  

 
The applied concept of the floodplain evaluation matrix possesses a pilot character; it’s a first concept to approach 
the theme „suitability of areas for flood risk reduction by preserving and restoring river floodplains” by the 
evaluation of hydromorphology, ecology and sociology. On this subject there exist only a few investigations and still 
less such, which include comparisons between non-structural and technical measures. Several case studies presented 
in this report document the successful implementation of the floodplain evaluation matrix.  
 
Floodplains belong to the most strongly endangered habitats. Apart from the necessary protection extensive retention 
area requirements exist due to possible climate change and possible increase of flood risk. The concept of 
PRO_Floodplain points out the fact that flood and floodplain management can accompany and therefore highlights 
the relevant evaluation parameters. Thus, the interdisciplinary outcome of this paper is the Floodplain Evaluation 
Matrix FEM, integrating technical, ecological and sociological aspects. 
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6 Implications for Stakeholders 

The preservation and restoration of river floodplains can contribute significantly to floodrisk reduction and at the 
same time contribute to an ecological improvement, also intended by the EU Water Framework Directive. 
 

6.1 Assessment of the impact of the finding on policy and /or 
practise on Flood Risk Management 

Since over the last decades an enhanced loss of floodplains for being used as construction area for settlements, 
infrastructure etc. has to be observed and thus the vulnerability of the society for flooding is significantly higher and 
the ecological needs are not met anymore, flood risk reduction by preserving and restoring river floodplains gains 
increasing importance. If the last remaining inundation areas are not preserved and where possible restored, both 
flood risk management and ecology will reach limits and thus restrict future sustainable developments of society. 
 
The orientation of the future policy concerning flood risk management should take the following recommendations 
into account:  

� Especially for a sustainable flood risk management river floodplains (evaluated based on an integrative 
floodplain management concept) should be preserved and/or restored (e.g. by dyke-displacement) 

� The Floodplain Evaluation Matrix is presented and discussed as a novel method being applied to river basins 
for preparing decisions concerning a sustainable floodplain management related to hydromorphological, 
ecological and sociological aspects 

� Legally binding restrictions of further use of floodplains can be derived by the results of FEM when being 
essential for flood risk management (e.g. considered within the flood risk cycle; see chapter 6.2) 

� Technical, ecological and sociological approaches concerning floodplain preservation and restoration should be 
performed as an integral planning 

� Regarding the sociological results of FEM (e.g. channel of communication) for decision making when selecting 
specific floodplains for further actions 

� The policy maker must be aware of the unpredictability of the social context 

� Therefore, it is important for the project manager but also for each involved in the consultation process to be 
open to a general principle of the controversy as an opportunity to create new relationships and to increase the 
argument´s stock and expertise. Even the opposition movement must be analysed as a positive fact to improve 
the whole project 

� An interdisciplinary approach for the possibly emerging problems should be implemented as a good 
opportunity 

� It is important to anticipate the possible elements affecting positively or negatively perception concerning to 
flood risk 

� As example the public concern about climate change should be mentioned: it would be relevant to explain the 
project as a way to prepare local population for climate change. In the same way, further work could evaluate 
climate changes perception/sensitiveness and to link it to the perception of flood 
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6.2 Integrated flood risk management 

 
Successful implementation strategies are geared to integrated flood risk management, whose objective is to achieve 
the highest possible level of safety against floods. This calls for the cooperation of all parties concerned for using a 
broad range of tools applied to the different stages of the risk cycle.  
The FEM-methodology is related to the risk cycle as an enhanced managing tool for flood prevention, especially in 
terms of preventative (all issues) and precautionary measures (e.g. risk management) (Figure 6.1).  
 
 

 
 

 

Figure 6.1. Integrated flood management – risk cycle, FEM application in prevention (Habersack et al., 2005).  

 
 
Integrated flood management involves the anticipatory, river-basin oriented development of integrated instruments 
for action, both for flood prevention and for coping with unavoidable floods. These issues and regards are addressed 
by the integrative FEM approach. Risk is often expressed as a product of “damage” and “occurrence probability”. It 
comprises the complex interactions between the 
 

- Process level (precipitation – runoff – geomorphology) 
- Measures level (precaution, coping with the flood) 
- Legal level (acts of law, ordinances, guidelines and official notifications) 
- Political level (political instruments, political style, political discourse) 
- Social level (risk awareness, risk culture). 

 

FEM 

FEM 
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Note that there is a strong interaction between process, management (structural and non-structural measures) and 
socio-economic and/or legal aspects. Measures not designed for sustainability may lead to negative process trends. 
Supporting natural functions and processes permits the sustainable use of water bodies and the surrounding 
environments. Analysing risks (damage and danger potential, frequency of occurrence), as well as analysing 
measures for danger and damage mitigation (non-technical and technical measures, compensation) and measures for 
disaster protection and emergencies (warning and information systems, evacuation, relief measures) provide a sound 
basis for the implementation (assessment, acceptance, realisation) of flood control measures.  
In general, the currently predominant feeling of (absolute) safety at the international level will have to give way to an 
increased risk awareness (risk culture). Comprehensive flood control must tackle the following questions: 
 
 

- What can happen? (risk analysis) 
- What can(not) be allowed to happen? (risk assessment) 
- How can the flood risk be mitigated, and how can the remaining residual risk be optimally 

handled? (risk acceptance). 
 
 
Integrated flood management thus encompasses the following three areas: prevention, coping with the flood, and 
regeneration / rebuilding. 
 
The results of PRO_FLOODPLAIN show that, even with integrated planning, implementation of preservation and 
restoration of river floodplains may fail due to problems at the local level, lack of acceptance, or diverging economic 
interests. But there are also cases where this integrated approach has produced positive results. In the case of 
prevention, for example, integrated flood management considers besides technical measures steps towards efficient 
land use and spatial planning.  
 
It pursues measures to strengthen natural inundation and retention including protective effects, while at the same time 
aiming at a good ecological status of water bodies. Planning that goes beyond municipal boundaries takes into 
account the interaction between individual measures and includes river-basin oriented concepts of far-reaching 
efficiency. It improves the financial situation because costs incurred can be shared. A suitable balance between 
prevention, coping with a flood and reconstruction is achieved by a package of synergetic measures that uses the 
strengths of some measures and offsets the weaknesses of others. Participation in planning, financing and 
implementing the measures is essential, as are decentralised measures on private property. A consensus on acceptable 
risk must be reached between the stakeholders, planners and decision makers. A common definition of the residual 
risk is a step in the right direction. All these steps combine to provide the basis for a future-oriented risk culture.  
 
Integrated flood management, and the resulting structural and non-structural measures, require clear objectives: 
+ Protection of human lives, + protection of natural resources, + protection of waterbodies, + mitigation of material 
damage, + provide for reconstruction and restart,   + sustainability of measures, + identify the limits of protection and 
the responsibility of the parties concerned, + promote awareness, + ensure adequate use through spatial planning, + 
promote incentives for private precaution, + recognise flood-relevant negative trends, + coordinate planning by the 
public authorities, + take necessary measures of protection, + emergency planning and preparation of measures for 
disaster protection, + provide for funds, insurance and claims settlement 
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The results of PRO_FLOODPLAIN are very much relevant for: 
 

� Water management: 

� The apply of the floodplain evaluation matrix FEM to all relevant running waters in Europe in oder to 
determine the priority of floodplains. Regarding FEM results in hazard zoning as areas of high importance 
and thus as a basis for spatial planning. 

 

� Spatial Planning: 

� Including targets for the protection against natural hazards as key items in the target catalogues of regional 
planning in the federal provinces. Further to create legally binding provisions for floodplains and hazard 
zones in regional planning laws and building laws in order to prohibit the development of land that is 
important for flood runoff or retention. 

 

� Nature Protection: 

� Using FEM results as basis for determining high priority floodplain preservation and/or restoration. 
 
 
 
 
 

6.3 Costs and benefits 

 
 

If we discuss the costs and benefits of non-structural measures and especially the preservation or restoration of river 
floodplains we can distinguish the following scaling aspects: 
 
 

� Catchment 

The benefits of floodplains for reducing flood risk on the catchment level are given by the reduction of the 
flood peak and increase of retention period, especially valuable for the downstream parts of the catchment. 
Since the benefits are increasing from upstream to downstream the communities benefiting from the upstream 
flood retention should eventually contribute to the costs of the measures or for compensation for upstream 
communities of not being able to use the floodplains for economical development.  

� River Reach 

Beside the upstream-downstream benefits and costs described for the catchment, in a certain river reach the 
costs of the measures are resulting from either buying land from e.g. farmers or paying them to be allowed to 
inundate fields. In principle floods should be seen as natural process, improving the quality of soils etc., so 
there is also a legal question involved, as if natural floodings should not always lead to costs. Costs can also 
result from dyke-replacements, but since these might be less high and more safe due to lower water levels and 
lower hydraulic forces the costs are reduced.  
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� Local area 

The benefits of floodplain preservation and restoration result for a certain village mainly from upstream 
measures BUT hydraulically the increasing area for flooding leads to reduced water level etc., so immediately 
leading to benefits to the community. This means, that floodplains not only affect downstream villages but also 
directly in the project area by local hydraulic effects (water surface level reduction). Furthermore, when 
dams/dykes are situated close by the settlements in order to keep the floodplains, the vulnerability is reduced in 
future, since the expansion of high value enterprises, houses etc. is limited. Finally, the costs for dams are 
reduced since the height of dams is less compared to being situated along the river. This reduces residual risks, 
taking into account also higher than design floods, resulting eventually from Climate Change. 

 

In summary the preservation and restoration of floodplain for reducing floodrisk is a cost effective measure, where 
benefits are to be found on the catchment, river reach and local level.    

 
 
 

6.4 Possibilities and limits of the implementations 

 
 
The possibilities for preservation and restoration of river floodplains for floodrisk reduction can be found in: 

� Cost efficient method to reduce floodrisk for a whole catchment 

� Natural process, thus low vulnerability for unforeseeable processes 

� High puffer function against residual risk due to climate change etc. 

� Excellent chance to integrate technical and ecological aims, thus integrating the EU Water Framework 
Directive and the new EU Floods Directive 

� Limiting the ongoing increase of vulnerability of society against floods by keeping off further high values 
developments from inundation areas 

� Keeping landscape functions, especially important for tourism 

 

 
The limits for preservation and restoration of river floodplains for floodrisk reduction can be found in: 

� Suitability and effectiveness of various floodplains for flood peak reduction, increase of retention period etc. 

� Acceptance of floodplain preservation and restoration by the society and individual interest groups 

� Availability of floodplains (farmland etc.) 

� Costs for land, damages caused by floods 

� Legal constraints e.g. by existing water rights 
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7 Recommendations for future Work 
 

� Data Related Issues 
 

- Availability of data is essential for applying the FEM method, developed in PRO_Floodplain 
- The quality of data is important for analysis and numerical simulation 
- Data are derived from nature or modelling, both can be used for FEM, but this has to be 

regarded in the analysis 
 

� Policy maker issues 
 

- Since FEM is a completely new method and has been tested only at some study sites, it 
should be applied at a variety of prototype rivers to test the applicability and improve the 
approach 

- Dissemination of the FEM-methodology in scientific papers and during conferences led to 
great national and international response and demonstrated the necessity of integral evaluation 
methods; future work should focus on practical implementation of the FEM methodology 

- FEM+ (Hydraulic issues) allows for a spatially distributed approach including consideration 
on local flood risk 

- Further investigations should also include economic aspects leading to a revised FEM++ 
- The legally binding preservation or restoration of floodplains is of central importance for the 

success of FEM (legal modifications eventually of the water laws, spatial planning laws, 
construction laws etc.) 

 

� Scientific Issues 
 

- The synthetic model and parameter variation should be extended to cover the whole range of 
European floodplains 

- The differences of the results from 1D, 2D and 3D numerical modelling should be analysed in 
more detail in order to discuss the effects on the FEM procedure 

 

� Practitioner Issues 
 

- During the implementation of the new EU Floods Directive the FEM method could be used in 
practice for deriving measures to reduce flood risk 

- The parameters developed for evaluating the effectiveness of floodplains for flood risk 
reduction can be used within practical projects 

- The project PRO_Floodplain gives a variety of arguments for preserving and restoring 
floodplains 
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Terms and Definitions 

 
 

Term  Definition 
catchment area ◄ an entire tract of land drained by the same brook, stream or river (Ecoflood Guidelines). 

connectivity ◄ 
kind and extent of connections between the river and floodplain water bodies. When 
floodplains are cut off artificially all water bodies are mostly disconnected so that no 
organisms may pass through.  

danger ◄ objective probability that a risk happens (Veyret, 2005). 

design discharge ◄ 
absolute (m3s-1) or statistical (HQx) value given for flood discharges that serves as 
characteristic data for the dimensioning of flood protection measures (cp. RIWA-T, 
Austria 2006). 

dyke ◄ 
artificial earthen wall, constructed along the edge of a body of water, to prevent it from 
flooding onto adjacent lowland. 

flood ◄ 

temporary covering by water of land not normally covered by water. This shall include 
floods from rivers, mountain torrents, Mediterranean ephemeral water courses, and floods 
from the sea in coastal areas, and may exclude floods from sewerage systems (Directive 
2007/60/EC, Article 2). 

floodplain ◄ 

the land area along the river, brook or stream channel that is currently flooded at high 
water. The area that was formerly flooded at high water level is being referred to as the 
former floodplain. A third category can be distinguished, being the potential floodplain: 
the area that potentially can be flooded in case of for example major dike collapses 
(Ecoflood Guidelines). 

flood risk ◄ 
combination of the probability of a flood event and of the potential adverse consequences 
for human health, the environment, cultural heritage and economic activity associated 
with a flood event (Directive 2007/60/EC, Article 2). 

innovation ◄ 
communication work between various actors involved in the definition of a concrete 
innovate entity. 

polder ◄ 
low-lying tract of land enclosed by dykes, that forms an artificial hydrological entity, 
meaning it has no connection with outside water other than through man operated 
devices. 

retention area ◄ 
inundation area, that contributes to the reduction of a flood wave (cp. RIWA-T, Austria 
2006). 

riparian ◄ pertaining to a river, e.g. the riparian zone (Ecoflood Guidelines). 

risk ◄ 
perception of the probability of a danger more or less foreseeable by a social group or 
individual at risk (Veyret, 2005). 

river ◄ 
body of inland water flowing for the most part on the surface of the land but which may 
flow underground for part of its course (Directive 2000/60/EC, Article 2). 

river basin ◄ 
area of land from which all surface run-off flows through a sequence of streams, rivers 
and, possibly, lakes into the sea at a single river mouth, estuary or delta (Directive 
2000/60/EC, Article 2). 

social acceptance ◄ 
ability for a specific social group to accept modifications of their life style with the 
implementation of a specific innovation. 
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Glossary of Acronyms and Abbreviations 

 
 

bmvit ◄ 
Bundesministerium für Verkehr, Innovation und Technologie (Federal Ministry 
for Transport, Innovation and Technology, Austria) 

BOKU ◄ 
Universität für Bodenkultur (University of Natural Resources and Applied Life 
Sciences, Vienna, Austria) 

cp. ◄ compare 

CRUE ◄ 
Coordination de la Recherche sur la gestion des inondations financée dans 
l'Union Européenne (coordination of the research financed in the European 
Union on flood management) 

e.g. ◄ for example (lat. exempli gratia) 
i.e. ◄ that is (lat. id est) 

FEM ◄ Floodplain Evaluation Matrix 

GRUES ◄ 
Groupe de recherche en urbanisme, environnement et styles de vie (Research 
group for urbanism, environment and life style, University Marc Bloch 
Strasbourg, France) 

IWHW ◄ 
Institut für Wasserwirtschaft, Hydrologie und konstruktiven Wasserbau 
(Institute of Water Management, Hydrology and Hydraulic Engineering, BOKU 
Vienna, Austria) 

IWG ◄ 
Institut für Wasser und Gewässerentwicklung (Department of Water and River 
Basin Management, University of Karlsruhe, Germany) 

PRO_Floodplain ◄ Flood risk reduction by PReserving and restOring river FLOODPLAIN s 
WWF ◄ World Wide Fund for Nature 
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Project Summary 

 

Joint project title  ◄ Flood risk reduction by preserving and restoring river Floodplains 
(PRO_Floodplain) 

CRUE Project No.: ◄ I-3 

Project partner #1 (Co-ordinator):  ◄ Helmut Habersack 
Organisation: 

 
Institute of Water Management, Hydrology and Hydraulic Engineering 
University of Natural Resources and Applied Life Science – BOKU     (AT) 

Email:  helmut.habersack@boku.ac.at 

Project partner #2:  ◄ Emil Dister 

Organisation: 
 

Department of Water and River Basin Management (IWG)  
Chair WWF-Institute for Floodplains Ecology, University of Karlsruhe   (DE) 

Email:  emil.dister@iwg.uni-karlsruhe.de 

Project partner #3:  ◄ Maurice Wintz 
Organisation: 

 
Groupe de recherche en urbanisme, environnement et styles de vie (GRUES) 
Université Marc Bloch – Strasbourg    (FR)  

Email:  wintz@umb.u-strasbg.fr 

Project website: ◄ http://www.pro-floodplain.eu/ 

   

Objectives ◄ 
The main objectives of this project are to identify and evaluate the hydromorphological contribution of 
water retention in preserved and restored floodplain systems across various geomorphological settings, the 
ecological evaluation and the investigation of the social acceptance. 

Background ◄ 

Since over the last decades an enhanced loss of floodplains for being used as construction area for 
settlements, infrastructure etc. has to be observed and thus the vulnerability of the society for flooding is 
significantly higher and the ecological needs are not met anymore, flood risk reduction by preserving and 
restoring river floodplains gains increasing importance. 

Research ◄ 
Research was focusing on hydrological and hydraulic analysis of field data and numerical hydrodynamic 
modelling, ecological GIS based analysis of case studies and sociological investigations using 
questionnaires. 

Findings ◄ 

Hydromorphology: river floodplains play a central role in integrated flood risk management by reducing 
peak flows and prolongating wave translations. Furthermore, other important functions (sediment 
transport, local hydraulics) were investigated.  
Ecology: non-technical solutions reach more natural conditions and represent an environmentally 
compatible and cost effective flood protection.  
Sociology: the type of usage and the channel of communication strongly influence the acceptance of non-
technical measures.  
 
The so called Floodplain Evaluation Matrix FEM  was found to be an appropriate method for catchment 
based planning of floodplain preservation and restoration. 

Implications (Outcome) ◄ 

The interdisciplinary outcome of PRO_Floodplain is the floodplain evaluation matrix (FEM), integrating 
technical, ecological and sociological aspects. FEM is a method of evaluating various floodplain areas with 
respect to hydromorphology, ecology and sociology, leading to a priority ranking within a river catchment 
or river reach. Thereby, representative parameters have been chosen.  

Publications related to the 
project 

◄ 
H. Habersack, C. Hauer, B. Schober, E. Dister, I. Quick & O. Harms,M. Wintz & E. Piquette, U. Schwarz, 
(2008): Flood risk reduction by PReserving and restOring river FLOODPLAINs - PRO_FLOODPLAIN, 
FloodRisk 2008, Oxford, UK [in print]. 
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The European Conference on Flood Risk Management 
Research into practice 
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