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Abstract: 

Within the context of the European Flood Risk Management Directive, adopted in 2007, the European Exchange Circle on Flood Mapping (EXCIMAP) has made an inventory of flood mapping practices in Europe. This inventory has resulted in a “Handbook on Good Practices for flood mapping in Europe” and an Atlas of Flood maps containing examples from 19 European countries, Japan and USA. The Handbook describes different types of flood maps and some comments regarding content and cartography depending on their use. Potential users are e.g. professionals in land-use planning, emergency planning, flood risk management, reinsurance, and the general public.

The inventory reveals that many countries disseminate flood maps (mainly flood extent) and flood hazard maps (depth or depth-velocity combinations) via Internet yet. Most countries present flood extent for floods with different frequencies of recurrence, often including the 1/100 or 1% flooding probability. Flood risk maps sometimes combine flood probability with information on the adverse consequences (like potential damage and inhabitants affected). Although some countries have maps on potential flood damage (M€ / ha.), maps presenting flood risk (as defined by probability x consequences) are rare. Switzerland and Italy have a method in which this flood risk is related to land use and building regulations. Flood information may be applied for insurance purposes, e.g. to estimate flood vulnerability or damage by insurance companies or to indicate areas where flood insurance is advisable for citizens or companies. Emergency planners use flood information (extent, progress, depth) to prepare evacuation plans. The main purpose of these maps is to indicate threatened areas and how to reach safety. 

Since many European rivers and flood prone areas are part of transboundary water systems, uniform approaches in flood (risk) assessments, map legend and presentation are urgently needed. Promising examples exist for the Rhine, Elbe and Moselle catchments.
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1. Introduction

The last decades floods in Europe have become a growing topic of concern for citizens, authorities, insurance companies and policy makers. From the fifties to the nineties the amount of floods in European river basins has risen from 11 to 64 per decade, whereas the first five years of this decade already showed 104 floods (Barredo, 2007). Especially the large scale floodings of 2002 in central Europe, with an estimated damage of 16.5 billion US$ (2002: 1 US$ = 1 €), triggered a new comprehensive approach on flood risk mapping and management on a European level. In 2004 the European Commission issued a Communication about flood risk management (CEC, 2004). On 23 October 2007 this initiative was followed by the adoption by the European parliament and the council of Directive 2007/60/EC on the Assessment and Management of Flood Risks. (European Union, 2007). The Directive is based on the principle of the so-called “hazard cycle”. This means that a comprehensive risk management approach consists of a combination of spatial planning (“avoid the risk”), protection (“reduce the probability”) preparation response and recovery (“reduce the consequences”). Every member state should have prepared and published the flood risk management plans, in which the flood risk management strategies are described, before 22 December 2015. It is recognized that flood (risk) maps contain essential information to prepare these plans. Therefore the member states have to finalize a preliminary flood risk assessment before 22 December 2011 and flood (risk) maps before 22 December 2013.

Anticipating the adoption of the European Flood Risk Directive, early 2006, the European Water Directors decided to establish European Exchange Circle on Flood Mapping (EXCIMAP). The aim of EXCIMAP is to gather all existing experiences and know-how in Europe and to improve flood mapping practices. This exchange circle facilitates the exchange between European countries, helps to build a common work base, and improves comprehension and communication on the subject in Europe. Today EXCIMAP is an informal circle consisting of nearly 40 representatives from 24 European countries or organizations
. By the end of 2007 EXCIMAP has completed a Handbook with Good Practices (Martini and Loat, 2007) and an Atlas with examples of flood maps from 19 European countries, USA and Japan (Van Alphen and Passchier, 2007). This paper describes the most relevant outcomes of EXCIMAP up till December 2007.

2. Definitions

Flood risk management terminology is sometimes a little bit confusing, i.e. that words may have a slightly different meaning in different countries. For the purpose of clarity and consistency EXCIMAP used the terminology as defined in the European Flood Directive:

· Flood is a temporary covering by water of land normally not 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. 

· Flood risk is the combination of the probability of a flood event and of the potential adverse consequences to human health, the environment, cultural heritage and economic activity associated with a flood event.

3. Types of flood maps

Depending on their use and users, flood maps may contain a wide variety of flood related information. Therefore specific subtypes of flood maps may be developed:

· Land use planners are interested in the location of flood prone areas and potential inundation depth (to prescribe or advise building codes).

· Authorities responsible for flood protection are interested in location with high potential damage and casualties, in order to prioritize their protective efforts.

· Authorities responsible for the preparation on flooding (emergency planning) and response are interested in locations with large concentrations and numbers of (vulnerable) population, expected flooding patterns, dangerous locations and road availability for evacuation and transport.

· Companies responsible for vital services (electricity, gas, water, sewerage) are interested in potential disruption of their services and how to minimize this.

· Insurance companies are interested in potential damage and related probability.

· Citizens may want to know whether they live in a flood prone area and what their options are in case of flooding.

The European Flood Directive mentions as minimum requirements for flood hazard maps: potential flood extent (for low probability or extreme events, medium
 and high probability floods), water depth or level, flow velocity where appropriate. Flood risk maps should show potential adverse consequences associated with the flood scenarios presented in the flood hazard maps, expressed in the indicative numbers of inhabitants potentially affected, the type of economic activity, installations that may cause accidental pollution in case of flooding and potentially affected protected areas (nature reserves). 

The different types of flood maps present different types of information. Accordingly they require different types of data and data combination. In fact a kind of hierarchy exists from relatively simple flood extent maps to more complicated flood damage and flood risk maps (Figure 1):

· Flood extent is simply the area potentially covered by water, given a specified floodwater level. This requires a digital terrain model and specified flood level. All areas located below the specified flood level are at flood risk, regardless whether they are protected by embankments or not. Therefore these maps are useful for a preliminary flood risk assessment. 

· Flood depth can be estimated in a similar way. However, for large polderlike areas, flood depth on a particular location depends on its position with respect to the embankment failure, failure dimensions, flood level outside the polder, incoming discharge, polder topography and roughness. Therefore different scenarios of flooding have to be elaborated. In Japan and the Netherlands these scenario outcomes are combined in one “overall” map that presents the worst expected flood depth for every location. The selected scenarios may contain likely locations of failure as well as scenarios affecting the largest number of inhabitants. Moreover these different scenario computations also give detailed information on current velocities and flood propagation in the horizontal as well as vertical direction (“rate of rise”). This type of information is very relevant for emergency operations.

· Flood damage and casualty maps require, in addition to the above mentioned information on flooding, information on land use (activities, buildings, infrastructure) and population density and character (i.e. elderly, car ownership). To include these types of information in reliable flood damage and casualty maps demands a well organized cooperation with many different organizations.

· Flood extent, depth, damage and casualty maps form the basic information for emergency planners, that have to prepare evacuation plans. Within this process decisions have to be made on which areas or groups of citizens that have to be evacuated first (and those who have to wait), which roads to be used (and which ones to be closed) and which areas are designated as “safe” (and those which are not). Types of decisions that generate much debate and have potentially large (political) consequences. Therefore the preparation of evacuation maps may require the most complicated set of data and decision making.
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Figure 1: Hierarchy of different types of flood maps.
The inventory revealed that a wide variety of flood maps in Europe already exists. Flood extent maps are the most common. Frequencies used in these maps vary from 1/30 to 1/10.000. Figure 2 shows and example from England. English, Scottish and Welsh maps distinguish between floods originating from the sea (1/200) or from rivers (1/100), while Ireland gives an indication of the uncertainty of the flood extent.

Flood depth maps may be presented for one representative flood frequency, e.g. 1/100 flood. Figure 3 shows an interesting approach from Japan in which specific depth intervals (and colours) give “how to act” information for individuals. In France maps exist that present flood duration. Information on the extent of historic floods is shown on maps in Flanders/Belgium, France, Finland and Ireland. This type of historic information may be valuable to increase flood awareness (“indeed a flood may happen here, it did in 1926!”). However, one should be aware that after the flood event shown floodwave characteristics or floodplain topography may have changed considerably resulting in a picture that differs from the information presented in the map. 

In terms of flood risk maps, official maps indicating potential damage are rare. Qualitative maps exist in e.g. Norway (buildings that may be affected by a 100-years flood or with potential damage to their basements) and Finland and Latvia (land use type). Figure 4 shows a example from Sachsen (Germany) with estimated damage potential per m2 related to land use types. Italy, Spain and Switzerland have official risk zone maps. These maps are based on the probability of flooding, combined with the land use sensitivity / vulnerability to flooding.
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Figure 2: Example of flood extent map from England. Blue means flooded at 1/100 flood, light blue during 1/1000 flood, hatched area benefits from flood protection works (www.environment-agency.gov.uk/)
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Figure 3: Flood depth and evacuation map with depth intervals related to “how to act” from Japan (www.city.toshima.tokyo.jp/english/bousai/hazardmap/index.html)
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Figure 4 : Flood damage potential (million Euros/m2, related to land use) and vital services in Dresden (http://www.umwelt.sachsen.de/de/wu/umwelt/lfug/lfug-internet/interaktive_karten_10950.html)

In Italy and Switzerland this risk zonation relates to spatial planning regulations and construction requirements. Specific vulnerability maps are available in England and Wales (social vulnerability) and Germany/Sachsen (vulnerable services, like hospitals).

A specific type of flood hazard maps present current velocity in combination with flood depth and frequency. Figure 5 presents a Swiss example of the legend of these “flood danger” maps.
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Figure 5: Example from Swiss legend of a flood danger map. Probability varies from < 1/300 to > 1/30, intensity is a combination of flow depth and discharge per unit width (and debris flow and bank erosion if applicable) (www.environment-switzerland.ch/documentation)

A special group of flood maps comprise insurance maps, which are used as a basis for the general user, to check the liability of his property to flooding, and the insurance companies to asses the actual risk (expected damage) of flooding. These maps contain information on flood risk in terms of probability on damage potential.

Evacuation maps are still relatively rare in the European Union and more often found in USA and Japan where there is a large tradition on dealing with natural hazards by evacuation. In this inventory examples are found from Germany (Hamburg), while in The Netherlands they are in development. These maps focus on how to act when a flooding threat emerges (warning stages, evacuation routes, location of refuge/shelters), often combined with recommendations on what to take with you as an “emergency kit”.

The different users have also different requirements regarding the coverage and scale of the map. A distinction can be made between national, regional and local maps, with typical scales of 1:1.000.000 –1:500.000, 1:100.000 and 1:50.000 – 1:5.000 respectively. Some internet sites provide maps in which a “zooming” tool can be used. It is recommended to limit the possibility to zoom in into more detail than the spatial resolution of the flood depth computations permits, since under those conditions the information for a particular location is not reliable anymore.

4. Cartographic aspects

The information (content) of the flood map can be presented in many ways. The method of visualization determines to a large extent the effectiveness of the information-transfer to the user. From cartographic point of view some basic principles are important to consider regarding the use of colours:

· Social conditioning: people are conditioned to interpret information based on colour. Blue is a colour naturally associated with water (and is logical for flood extent), whereas red, orange and green are  associated with danger, caution and safety. Care should be taken  with respect to possible interpretation of colour, and misunderstandings, particularly during critical situations. 

· Graduation of colour (or different intensities within a colour) may be used to present different degrees of a single parameter, like increasing intensities to present increasing depth. Another common example is  flood extent for different frequencies: increasing intensities of blue, suggesting increasing flood depth, represent the most frequently flooded (low lying and deeper flooded) areas. This method is adopted in e.g. England and Wales, Finland and Germany. The graduation may be continuous or discrete. Discrete  graduation is used to present distinctive classes. These classes may be based on equal divisions or, perhaps more appropriately, on classes related to consequences, e.g. premium rates for insurance). Continuous graduation is used to present a continuum of degree. This provides more detail but may be more difficult to interpret.

· The possible reproduction of a colour map in black-and-white puts particular demands on the choices of the colour scheme, since the different colours may be translated in similar shades of grey (e.g. blue and red). Other restrictions may originate from regulations or guidelines regarding the accessibility of maps for partially-sighted or colour-blind.

· Hatching may be used as an alternative for different shades or colours in representing different parameters, e.g. to differentiate between naturally flooded areas and potentially flooded areas protected by embankments.

In addition to coloured surfaces information can presented in lines, arrows and figures. Maps become difficult to read when surface-like information (like flood extent) is presented in iso-lines (instead of coloured surfaces) or when current velocities are presented in vector-arrows (that merge together with parallel current lines).

As many ways of presentation are possible it is clear that for transboundary catchments a uniform presentation (cartography) is required, as well as the approaches and computations behind. Promising examples exist for the catchments of the rivers Rhine, Elbe and Moselle, while for the Danube it is in development.

Apart from flood information some additional information is essential for a proper understanding and use of the map: adequate title, date of publishing, responsible authority, orientation and projection of the map, coordinates and height reference system, scale (preferably with a scale rod, to avoid confusion when printing or copying maps on other scales), relevant topographic information (roads, railways, buildings, cadastral information (like in e.g. Austria)). Care should be taken to ensure that background mapping colours will not easily be confused with those used in the flood mapping process. In order to avoid this, background information can be presented in black-and-white or grey-scale. Interesting opportunities arise when combining flood maps with Google Earth, although this may lead to an overload of topographic information. Other desirable information is a small set-in map to locate the mapped area (or the area covered by the model calculations, see e.g. Finland). Finally a Disclaimer can be added to explicit the limitations of the presented information and provide legal protection to the responsible authority against adverse consequences of misuse.

5. Dissimination of flood maps

In Europe most countries disseminate their flood maps by the Internet. Many countries, Länder or regions have websites that offer a menu to navigate through different flood maps options and scales. Care should be taken with (scanned) files of original hardcopies. With an original size of A3 or even larger the readability of the map or legend in a PDF file may be severely hampered. Since many flood maps from the Internet will be printed it is advisable to have the legend printed on the same page as well. For professional users Internet maps should be downloadable in GIS, for integration into existing GIS) or PDF. Data format, collection and availability should be compliant with the ISPIRE-initiative
 format. Although dissemination of flood maps via the Internet is essential (single-point update, low cost dissemination, reducing risk of superseded data), hardcopies should also be available to those without Internet access.

Flood mapping is not an exact science, but includes uncertainties regarding the natural phenomena and those associated with the data and modelling. The uncertainty related to the natural phenomena may result from a lack of knowledge, the disability to measure or the natural variability. These uncertainties dictate the accuracy of the mapping products and need to be understood in order to know how closely the mapping represents what the users would see as an accurate representation. An adequate instrument to express the uncertainty of the information is the use of classes and intervals. Another option is to indicate a margin of uncertainty e.g. in the case of flood depth (like the Irish maps). Accompanying text about uncertainties in map production and presentation (e.g. last update), as well as a Disclaimer, is advisable for public dissemination of flood maps. 

The inventory showed that almost all maps present the information in the language of the country they are made for. Within the context of Europe becoming one market, with increasing transboundary traffic of people, services and goods, there is a growing need to present flood maps (especially the legend) in various languages.

6. Conclusions

The inventory reveals that many countries disseminate flood maps (mainly flood extent) and flood hazard maps (depth or depth-velocity combinations) via Internet yet. Most common are flood extent maps, often including the 1/100 or 1% flooding probability. Flood risk maps presenting adverse consequenties like potentail damage exist, however flood risk maps (as defined by probability x consequences) are rare. Switzerland and Italy have a method in which this flood risk is related to land use and building regulations. USA and Japan have valuable experiences with specialized new types of flood maps for flood insurance and emergency planning (evacuation). Since many European rivers and flood prone areas are part of transboundary water systems, uniform approaches in flood (risk) assessments, map legend and presentation are urgently needed. Promising examples exist for the Rhine, Elbe and Moselle catchments.
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� Austria, Belgium, Croatia, Denmark, Finland, France, Germany, Hungary, Ireland, Italy, Latvia, The Netherlands, Norway, Poland, Spain, Sweden, Switzerland, United Kingdom, European Commission, FLAPP, CEA/Insurance, ICPR, ICPDR, JRC, ITC.


� medium probability is defined as a likely return period > 100 years


� see http://eu-geoportal.jrc.it/gos
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