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Abstract: 

The European Flood Management Directive that was adopted in 2007 requires new measures for improving the flood prevention. Addressed in fulfilling this task are the EU member states and in Germany the German states. In addition, municipalities are also involved in the process of the development of flood hazard and flood risk maps as well as establishing flood risk management plans. In more and more municipalities, flood management systems are applied with the main focus on optimizing their emergency management. Because those systems are filled with all relevant flood information, they are a possible solution for realizing the European Flood Management Directive; especially the required flood risk management plans.
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1. Introduction

Europe was faced in recent times with a number of extreme flood events which caused huge damages in different member states. Therefore the European Union implemented a Flood Management Directive in order to help the member states to be better prepared for these natural events. The targets of the Directive are focusing mainly on risk assessment and appropriate risk measures for river basins. Nevertheless, in most of the EU member states the municipalities are responsible for a broad range of measures and activities in flood protection. Therefore, one of the most important challenges is to connect the different “layers of activity” (European, federal, state level) to provide the responsible authorities with effective tools to enhance an effective flood management. A number of different decision support systems already exist mostly focusing on one main purpose like emergency management. But it might be very helpful to combine different aspects of flood management by using GIS and hydraulic models for flood scenarios to avoid lack of information for an effective flood management. Principally, flood management systems could be efficient tools for the municipalities for establishing the flood risk management plans as required in the European Flood Management Directive.  

2. The new European Flood management directive

The European “Directive on the assessment and management of flood risks” (EU, 2007) was adopted in April 2007 and entered into force on November 26, 2007. The different flood prevention activities within the EU member states will be strengthened and harmonised by the Directive. The flood management directive is one of three parts of the European flood action program. The other two parts are an improved information exchange as well as a better cooperation between research and policy and a better coordination with the EU funding programs (Löw, 2007). 

2.1 Targets

The aim of the Flood Management Directive is to reduce negative effects of floods on humans, the environment, cultural and economic goods. First, the Directive requires a preliminary flood risk assessment for each river basin district or unit by 2011 (compare Table 1). Flood hazard maps and flood risk maps for areas with significant flood risks have to be generated afterwards (by 2013) for the following different scenarios:

· low probability or extreme flood events,
· medium probability (return period ≥ 100 years),
· high probability (where appropriate)

Unfortunately, the Flood Management Directive does not define extreme flood events. Therefore, member states have to decide themselves what this task entails. 

The hazard and flood risk maps are the basis for the third instrument of the Directive, the establishing of flood risk management plans that have to include certain measures to reduce the flood risk (by 2015). Then, in a cycle of 6 years, maps and plans have to be checked and, if necessary updated. With this ongoing process, also the topic of climate change and its hydrological consequences is considered in the Directive. 

Table 1: The most important steps and periods of the Directive
	Process
	Short description
	Completion

	Preliminary flood risk assessment
	Areas with significant adverse impacts for human health, for the environment, cultural heritage or economical activity 
	22.12.2011

	Preparation of flood hazard and flood risk maps
	On the basis of the flood risk assessment; Hazard maps containing flood extent, water depth or water level, or water flow;
Flood risk maps containing number of inhabitants, affected economy, or hazardous plants
	22.12.2013

	Development of flood risk management plans 
	Coordinated for river basins (or -districts) based on the risk assessment and maps with appropriate measures for reducing the flood risk, consider cost-benefit-ratio and avoid negative effects upstream or downstream
	22.12.2015


According to the European Water Framework Directive (WFD) (EU, 2000) the measures of the flood risk management plans have to be coordinated within the river basins. Furthermore, the public has to be involved in the process of the establishment of maps and plans. 

2.2 Realization in Germany

The implementation of the European Flood Management Directive into the legal framework of the member states has to be finished by November 2009. In Germany, the Directive will probably be realized within the new Environmental Code (Umweltgesetzbuch, UGB). The challenge with the realization of the Directive in Germany is, that in 2005 a Flood Control Act had been enrolled and implemented into the German Law for Water Resources (Wasserhaushaltsgesetz). Now, both regulations have to be harmonized and combined in the Environmental Code. A draft of the UGB exists already. 

The German states are the ones, which have to realize the European Flood Directive. In some states such as Baden-Württemberg, Rhineland-Palatinate, North Rhine Westphalia or Saxony hazard maps have already been prepared for many rivers (Elgeti, T. et al., 2008). The Directive does not demand a complete damage potential calculation for the flood risk maps. For that reason, the preparation of these maps does not seem to be so difficult for the states that have already hazard maps. For the big rivers in most German states the flood risk assessment, as well as the hazard maps and flood risk maps have been or will be established mainly by the states. The municipalities are, might be or will be involved into that process for the small rivers that lie within their responsibility depending on the strategy of the states. Into the realization of establishing the flood risk management plans as the third requirement of the EU Flood Management Directive on the contrary, the municipalities will be actively included due to their task of setting up and later realizing the measures. For that purpose, they could need helpful instruments such as flood management systems. Those systems exist in more and more municipalities.

3. Municipal Flood management Systems as one realization Approach

Municipal flood management systems are instruments which support municipal decision makers in preventative and emergency management by providing helpful information about the flood and the expected damages due to certain water levels. In these GIS-based systems, all relevant data is collected, stored and the information is transferred to the users usually by WebGIS. Due to the fact that municipalities are responsible for catastrophic events, a few flood management systems have been or are being developed within Europe. In Germany, there are three municipal flood management systems already existing and working: FliWaS (Flood Information and Warning System) wide parts of the Rhine River in Germany, as well as in the Netherlands, the Flood Management System (FloMS) for Stendal County (in the state of Saxony-Anhalt) on the Elbe River and INGE (Interaktive Gefahrenkarten – interactive hazard maps) for communities in the state of Saxony along the Elbe River and its tributaries. The systems are usually limited to a certain region mostly depending on political borders rather than a river basin.

3.1 Application of flood management systems

Flood management systems vary concerning their technical components. They usually consist of a client-server-architecture in which the data is stored on the (authority intern or extern) server. Some systems can be additionally installed and run on the PC or notebooks. Usually there is an Internet (FliWaS) or Intranet connection (FloMS and INGE) being used for the communication between the client (user) and server. For the GIS- or WebGIS-application of the systems usually Open-Source-Software is used (as UMN-MapServer in FliWaS) or commercial software (as MapObjects by ESRI in INGE) or ArcIMS (by ESRI in FloMS) is applied. For the non-geographical data, data is stored in MS Access databases (as INGE), within Content Management Systems (FloMS), or with PostgreSQL in FliWaS. Especially the non-spatial data has to be inserted and maintained by the authorities themselves, so the benefit of the systems strongly depends on the users.
Flood management systems are designed basically for the following applications

· collecting geobasisdata and flood relevant data (as hazard maps and flood scenarios for certain water levels),
· collecting important plans for disaster management (such as flood alert plans),
· include concrete measures (e.g. evacuation routes, street barriers, dyke defension) at certain water levels,
· showing endangered objects together with the specific information about these objects, and
· giving an overview of resources for the emergency management measures and its regional distribution (man power, material)

In contrast to flood information systems, the users of flood management systems mostly not only read and see information, but also enter and change data for further work processes. Because of their character of just collecting various kind of important data and not generating them, flood management systems are not appropriate instruments for (risk)analyses and evaluation. This task is usually fulfilled by means of GIS-Software, independent from flood management systems.

3.2 A possible solution for realization of the European Directive in Germany 

As mentioned in 2.2 not all municipalities responsible for small rivers have to realize the first and the second step of the European Directive. For establishing flood risk management plans on the contrary, the municipal authorities have to be included according to their task for the implementation and the realization of the certain flood protection measures (similar to the realization of the WFD). For this task those communities who already use flood management systems have a big advantage because all the relevant flood data is collected so that the municipalities are well-prepared. 

With the aim of supporting decision makers of the responsible authorities before and during flood events and because of their structure and contents, flood management systems are decision support systems. The municipal planners have a variety of different measures for the development of the flood risk management plans such as improving the discharge, rising of the certainty the technical flood structures or reduction of the damage potentials. Those measures can be provided by decision support systems. Existing flood management systems could be enlarged by the different measures including decision support tools for the priorities in order to realize the flood risk management plans. The precondition for this is of course as typical for flood management systems that all the data or measures and alternatives have to be entered into the system in advance combined with the setting up of certain rules. 
One of the introduced flood management systems in Germany is described together with its practical application during a flood event now in more detail.

4. Best-Practise-Example: Flood management System for Stendal County

The flood management system (FloMS) for Stendal County has begun to be developed after the flood disaster in August 2002 on the Elbe River. The reason was that the responsible authorities in Stendal County recognized that they wanted to be better prepared for such extreme flood events. Even if the people were not faced with a failure of flood protection structures, the county itself had been heavily affected (compare Jüpner, R. and Tzschirner, M. 2005). The Institute for Water Management and Ecotechnology of the University of Applied Sciences Magdeburg made a proposal for the improvement of the flood control in Stendal County. It included the development of a flood management system based on the practical flood experiences of the Institute director Prof. Jüpner himself, who also took part in the emergency management in August 2002. Stendal County agreed on the concept and the project was started in April 2003 with a project duration of 18 month. During this time, the project has been involved as a pilot project into the European Project “ELLA” what means “Elbe-Labe: preventive flood management measures by transnational spatial planning”. ELLA started in the beginning of 2004 and last until the end of 2006. For more information about this project see http://www.ella-interreg.org. 

4.1 Technical Solution and Content 

The technical solution of the flood management system included two parts: a WebGIS for the geographical (or spatial) data and a content management system (CMS) for the non-spatial data (see Figure 1). 
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Figure 1: Technical realisation of FloMS

Concerning the content it was always agreed on using FloMS for the preventive flood protection as well as for the emergency management. For both uses, flood scenarios are the basis. The making of the flood scenarios was a real challenge of the project. The reason was the difficult purchase of the geobasis data (such as topographical data) for background maps, hazard maps etc. and basis data such as digital elevation models (DEM) for the simulation of dyke break scenarios (see also Koch, A. et. al. 2006) due to high costs and not sufficient accuracy. Finally, all the relevant spatial data could be involved in the system and can be taken for planning tasks and in case of a flood disaster. The technical realization of FloMS has been described in detail already at the ISFD3 conference in Nijmegen (Jüpner, R., Tzschirner, M., 2005).

4.2 Practical application of the system during spring flood in 2006

In the end of March 2006, heavy rainfalls combined with the snow melt in the low mountain range of the Elbe River basin caused a flood in the Elbe River (IKSE, 2007). The spring flood had a long-lasting peak and a high discharge. In contrast to the Elbe flood disaster in 2002, the peak water level upstream stayed below the ones of 2002 but from the middle part of the river on they exceeded the peak water levels of 2002 (BfG, 2006). By this long duration, it was not only a hard test for the dykes, but also for the people working in the emergency management, other persons involved, and private bodies.

4.2.1 Application of FloMS in Stendal County

Because of the critical situation, the head of Stendal County declared the emergency alert on April 3rd. It lasted all together the next 10 days. In order to the catastrophic act, during this time period, Stendal County was responsible for the emergency management. The emergency alert was therefore the chance for FloMS being tested practically under real conditions. For that reason, the IWO-developer of FloMS moved to Stendal County, took care of the system and operated it in the emergency management.

The chief application of FloMS was the catastrophe authority sitting in Stendal. In contrast to the Elbe flood in 2002, modern technologies (as computers, beamer, internet access) have been applied during the meetings of the spring flood 2006 (compare Figure 2). The two servers of FloMS didn’t have to be transferred from Magdeburg to Stendal physically due to the possibility of using the internet for inserting, querying or seeing the data and information. In the end, FloMS has been used all days and nights without any problems or lacks of stability. 
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Figure 2: View into a meeting of the catastrophe authority

Specifically the GIS-information has been implemented by the catastrophe authority of Stendal County for general position information of hazard places, dykes, dyke paths, technical plants etc. Also the police used FloMS for e.g. finding the correct endangered dyke sector to keep interested people away. For getting that information quickly and easily and using FloMS themselves they have been introduced to FloMS by its developers.

The main information provided by the CMS being used in the catastrophe authority was the different kinds of plans for the action forces. Additionally, the CMS has been used for the overview of resources (men and material). For that, an inquiry of the information had to be made via telephone before the meetings. The FloMS developers created a form for simplifying the data entry. Unfortunately some employees of Stendal County, being not so used to computers, had difficulties with applying the CMS. 

For the technical emergency stuff (Technische Einsatzleitung, TEL) that is usually situated close to the hazard location on-site, FloMS could unfortunately not be applied. The reason was the lack of computers and internet access. This must be regretted, because the stuff urgently needed those kinds of maps of good quality.

4.2.2 Experiences and improvements

FloMS has been tested during the spring flood in a very comprehensive way and under real conditions. The following experiences can be concluded:

· FloMS worked stabile and without any (access) problems

· It helped the decision makers in the emergency management

· Some WebGIS application must be optimized

· CMS should contain easier entry forms

· Providing also technical equipment to the on-site emergency stuff (TEL) is necessary.
In contrast to the flood catastrophe in 2002, the handling of the emergency management of Stendal County worked much better in 2006. This is of course based on the flood experience of four years ago including a more effective organization and coordination (Richmann, A. and Jüpner, R. 2006). But also the application of helpful technical tools such as the flood management system helped to improve the situation very efficiently.

4.3 State strategy for Saxony-Anhalt

The development of the Flood Management System for Stendal County was supported during the development and tests by the responsible state authorities as a “pilot project” for the state of Saxony-Anhalt. After the successful final testing during the flood event in April 2006 (see 4.2) a growing interest in expanding the system from a county level was to be seen. In the state of Saxony-Anhalt ten different counties and three cities are working as municipalities responsible for emergency management in case of a flood catastrophe. They are differing by the natural and hydrological conditions and ranging from mountain regions (like the Harz Mountains) to urban areas like the city of Magdeburg with more than 300,000 inhabitants. 

Since January 2008 a strategy for improving the flood management by using flood management systems in the state of Saxony-Anhalt is developing by the authors of this article. The main aspects of the research project are:

· What ideas of improving the existing flood protection systems are already exist on the responsible municipal authorities?

· How should the existing Flood Management System for Stendal County be expanded to fulfill the requirements in other regions of the state with different hydrological situations?

· What strategy is appropriate for the state to work with different municipal flood management systems and combine them with the existing database at the state level (flood forecast system, description of hydraulic engineering structures and its operation procedures etc). 
· What technical requirements for municipal flood management systems are necessary for the state to define how to enhance an effective emergency management?

The development of the strategy is mostly focused on the ideas and experiences of the responsible experts working in the field of flood protection and flood management. Therefore, a number of expert interviews will be taken to make sure that the approach will be based on the existing knowledge.

By the end of the year, the strategy of using municipal flood management systems in the state of Saxony-Anhalt will contain the main aspects on

· the technical framework of different municipal flood management systems within the state to make sure, that a frictionless communication and interaction of the cross-border-systems will be possible,

· technical specifications to ensure, that the necessary information created on federal or state level – like for instance the flood forecast for a big river – will be used as the basement for all operating municipal flood management systems, and

· costs and implementation necessities for the municipal flood management systems in the state of Saxony-Anhalt.

Based on the results of the project an implementation strategy of municipal flood management systems is necessary in order to fulfill the requirements of the European Flood Management Directive.
5. Outlook

Flood management systems are developed to optimize municipal flood management. They are combining GIS with results of hydraulic models (flood scenarios) and information which are necessary for flood management. Although they are mostly focusing on emergency management, they are also appropriate tools for flood prevention measures.

Using these existing municipal flood management systems and combining them within a river basin seem to be an effective approach to fulfil also the requirements of the new European flood management Directive. Thereby, the connection of the information within the different responsible authorities on European, federal, state and municipal level will be more challenging than the technical solutions and . 
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