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structural measures of flood protection are limited applicable, especially in urban areas, 
and that absolute protection is not feasible. 

As flood protection and management are major tasks and of high public interest 
transnational strategies are needed to implement sustainable flood risk management, 
aiming for advanced warning systems, vulnerability analysis, and risk communication to 
optimize the disaster control management. 

To achieve this goal five project partners from four European countries (Austria, 
Germany, Italy and Spain) and one subcontractor from Austria are working within the 
ERA-Net CRUE initiative for the period of 2009 - 2011. 

This document is part of work package 2 “Advanced Warning Systems of Small Urban Catchment 

Areas”. 
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This document is part of the SUFRI project, being compiled by four different institutions. 
The contained ‘Methodology’ is based on available literature, and draws findings from 
relevant works. Papers/publications used are provided in the “References” section. 
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EXECUTIVE SUMMARY 

The establishment of settlements was often triggered by the availability of water. That’s 
why urban areas are often situated in river valleys or natural flood plains and are 
vulnerable to floods. In urban areas structural flood protection measures are often 
restricted by limited space, environment protection or the attempt to conserve the 
cityscape. That’s why non-structural measures like mobile flood protection elements or 
early flood warning systems might be more welcome by the inhabitants to mitigate flood 
damage.  

Flood forecasting for large trans-national river catchment areas are widely used (e.g. 
LISFLOOD, European flood forecasting system EFFS). Flood warning and floods in urban 
areas are still research topic. Many recent research projects have focused on these topics 
like URBAS 2008, EWASE 2008, UrbanFlood 2010. Experiences of practical applications are 
still seldom. 

The research report gives an overview about flood characteristics in urban areas to 
improve flood management. The general components and benefits of early warning 
systems were described. In order to get additional information experiences with analogue 
warning systems considering dam break, rockslides and landslides and accidents and 
disasters involving hazardous material were summarised.  

The availability of weather data, rainfall and flood forecast models considering small 
catchment areas are specified and flood warning message dissemination is presented in 
detail. The use of flood maps and flood management plans as a basis of flood damage 
mitigation measures and rescue actions and the costs of early warning systems are 
explained. 

The overall study includes results from a literature-review and information from four case 
studies which were sampled within the SUFRI project. The four case studies are the 
smaller rivers Gambriachbach, Andritzbach and Schöckelbach in Graz (Austria), river 
Weißeritz in Dresden (Germany) and river Arenys near Barcelona (Spain). Case study 
Benaguasil (Spain) consider four intermittent brooks within the city area which are prone 
to pluvial flooding. 

A summary and recommendations for an advanced flood warning system are presented 
at the end of the research report.  
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AE catchment area (km²) 
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C historical alarm stage at a river gauge, calculated using A and E 

D historical alarm stage at a river gauge 

E historical alarm stage at a river gauge, flood level 1 

F historical alarm stage at a river gauge, flood level 2 

a year 
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DEZA Direktion für Entwicklung und Zusammenarbeit (Swiss Agency for 
Development and Cooperation, Switzerland) 
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Compilation of advanced warning systems  1 

1 GENRAL DESCRIPTIONS 

1.1 Flood Warning Systems for urban areas  

1.1.1 Characteristics of floods in urban areas 

The definition of urban areas regarding floods and inundation is not very specific. On one 
hand we can describe a river catchment area where urban settlements are the dominated 
land use as an urban (catchment) area. On the other hand an urban area can be described 
as urban settlement which could be affected by different types of floods like 

- river flooding or fluvial flooding 

- coastal flooding 

- flash floods 

- urban flooding 

River flooding is connected with a high or flood water level in a river. Areas which are 
situated near the river banks could be flooded if the ground level is beneath the flood 
water level. Rainfall, snow melting or dam failures can cause high river water levels. 

Coastal flooding is often connected to offshore low-pressure systems driving sea water 
inland but it also includes flooding due to a tsunami wave. Areas which lie below sea level 
are more endangered. 

Flash floods are characterised by a fast increasing discharge in small or intermittent 
brooks and rivers and is caused by heavy rainfall events. These rivers are often 
characterised by steep longitudinal slope. Therefore the water propagates very fast which 
led to additional damage due to erosion processes. It is also possible that the water 
reaches areas where no or little rainfall occurred before. This is very common in 
mountainous areas and Mediterranean countries.  

Urban flooding is caused by insufficient capacity of the sewer network or drainage 
capacity of the surface. The water concentrates in low level areas or these areas were 
inundated by water which comes through the sewage system. So the term “urban 
flooding” focuses on the fact that the cause of flooding after a heavy rainfall event is a 
lack of drainage in an urban area (http://www.floodsite.net). 

The term “pluvial flooding” refers only to a flood which was caused by rainfall and 
includes both urban flooding and flash flooding. 

“Small catchment areas” were defined by Romang et al. 2008 as catchments with a size 
between one and 1000 km². Within the research project URBAS smaller catchment areas 
between smaller than 10 km² and at least 50 km² were considered. The term “small urban 
catchment areas” is more common in medicine to describe a catchment area of hospitals 
in urban areas considering the possible number of patients. A definition of “small urban 
catchment areas” considering a river catchment area is still needed. 

http://www.floodsite.net/
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Figure 1.1: Flood wave propagation in sewers, streets or along railways in urban areas (left: sewer overflow at 
a manhole near the river Elbe in Dresden during a flood event, middle: flood event at the river Briesnitz in 

August 2002 in Glashütte, Germany, right: flooded central railway station in Dresden in August 2002 due to 
flood propagation along the rail). 

Urban areas are characterised by paving of natural ground surfaces. Natural watercourses 
are often restricted by sidewalls, flow into pipes or conduits, are partly or totally blocked 
or streets were constructed there with all kind of infrastructure thereunder (e. g. wires, 
tubes). Flood propagation in urban areas is characterised by different propagation paths 
(river, streets, sewer system) with different propagation velocities (see Figure 1.1 and 
Figure 1.2). 

In urban areas many buildings, infrastructure like streets, railways, hospitals or gas 
stations as well as business properties are situated near river banks and in river flood 
plains. Therefore the potential damage due inundation is very high. Flood protection with 
structural measures like dikes or flood retention basins may be restricted due to intensive 
land use and the limited open space. The use of mobile elements for flood protection is 
only possible if a reliable flood forecast with a considerable flood forecast lead time is 
available.  

 

Figure 1.2: Flood event in 2002 in Dresden: river Weißeritz (blue line), different water propagation paths (blue 
arrows), total flooded area in red (ed.: Umweltamt, Dresden, Germany). 
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Damages could be caused by high water level in smaller tributaries or a discharge greater 
than capacity limit of the river or the sewage system. The flooding of basements and 
underground garages which are very common in urban areas add a significant amount to 
the flood caused damage and minimize flood peak by retention of a significant amount of 
water. But it is not possible and not desirable to take these effects into account in hydro-
dynamic calculation. That is because of the lack of exact data about the extension of such 
underground structures as well as the overall aim to increase flood awareness and to 
initiate private flood mitigation measures to prevent these structures from flooding. 

 

Figure 1.3: High water marks in a kitchen situated in the ground floor of the Pillnitz castle near river Elbe 
(Dresden, Germany). 

On the one hand the determination of flood prone area often needs more effort to verify 
the calculation results considering these aspects. On the other hand more data from 
historical floods are available in urban areas which can be used to determine flood prone 
area in case of extreme flood events and the residual risk. Often one can find historical 
records in newspapers or high water marks at buildings like churches, castles, mills, 
bridges or archways (see Figure 1.3). 

Some additional information about flood hazard and risk maps is also presented in 
chapter 1.5.1. 
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1.1.2 General components of a flood warning system 

A flood warning system (FWS) or early warning system (EWS) is a non-structural measure 
to cope with the risk of flooding, protect the inhabitants and to minimize the damages 
due a flood event. The general components of a flood warning system are presented in 
Figure 1.4. 

 

Figure 1.4: General components of a flood warning system. 

Because automatic flood warning systems are not widely used some remarks about 
existing warning system in case of other disasters are specified in chapter 1.2. This should 
provide additional information about automatic warning systems and their requirements 
as well as fast warning message dissemination. Existing flood forecast systems are 
described in chapter 1.3. Some explanations about possible warning dissemination are 
given in chapter 1.4. Chapter 1.5 deals with the response system. 

Administrations often push the reinstallation and improvement of flood warning systems 
after extreme flood events. For instance in Saxony, Germany the government regulated 
flood observation service and flood warning service in 1903 under the impression of the 
flood event in 1897. After the flood event in 2002 many improvements and a 
reorganisation of flood warning paths were introduced.  

In small catchment areas forecast system is characterised by highly uncertain input date 
and results almost until the flood arrives. That’s why warning dissemination has to be 
very fast and the focus lies on flood management and damage mitigation. 

The general components of a flood warning system have to be adapted to the local 
situation. Two examples depicting real warning systems in Germany and in Austria are 
presented in chapter 2.1. 
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1.1.3 Benefits of an early warning system 

Early and exact warning against floods or other natural disasters as well as accidents 
involving hazardous substances is fundamental to provide time for evacuation of 
kindergartens and schools, hospitals or retirement and rest homes. A warning system is 
needed if one would like to use flood prone areas like natural flood plains for recreation 
purposes like “Parc Fluvial del Besos” near Barcelona, Spain (EWASE 2008), if a damage 
causing flood often occurs or structural flood protection measures are restricted by high-
density areas near the river, existing townscape or infrastructure, urban development or 
environment protection. 

In Germany for example the state, federal states or municipalities do not guarantee for 
flood damages at private land and houses. There is no legal claim to get monetary help by 
public institutions to compensate flood damage. In § 5 (2) of the German Federal Water 
Act (WHG 2009) it is written, that flood risk precaution is obligatory for private person.  

Systematic information in advance and during a flood event enables the inhabitants to 
minimize the volume of flood water entering their property and to reduce flood damage 
costs significantly in particular of their own home and belongings. Flood warnings systems 
provide the possibility to transfer responsibilities from state to the individuals.  

A quantification of the effect of existing flood warning systems considering damage 
mitigation in private households was tried during the CRUE-project SUFRI by means of an 
opinion poll. Analysis and evaluation of its results are still in process. CRUE-project EWASE 
(EWASE 2008) tried to quantify flood damage minimization for economic sector due to 
early warning (see Figure 1.5). A forecast lead time of 12 hours enables the property 
owners to reduce their possible flood damage about 60 %. 10 to 20 % damage reductions 
are possible in case of shorter forecast lead times about 1 to 3 hours. This is the range of 
possible forecast lead times in SUFRI case study areas. 

 

Figure 1.5: Damage reduction in economic sector as a function of lead time, result from a questionnaire based 
survey in the EWASE case study areas (EWASE 2008); blue = SUFRI case studies considering lead time. 
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Figure 1.6: Warning expectations as indicator of optimal alert for the industrial sectors in the Besòs basin 
(EWASE 2008). 

It was an aim of the EWASE project to try to quantify the reliability of a flood forecast or 
the cost of false alarm (see Figure 1.6). The warning reliability (left axis) on basis of 
forecast errors may decrease significantly even for short lead times. The avoidable 
damage for the industrial sector is drawn in respect to the right axis and represents the 
results of a questionnaire based survey. Mitigation cost represents the cost per hour that 
arises if the active persons stop the productive work and turn to preventive measures. 
Warning expectation is defined as the product of the warning reliability and the avoidable 
damage. Warning expectation has a maximum which indicates the optimal point to 
release a flood warning considering the industrial sector. 

The combination of a flood warning system with local protection has the best benefit-
cost-ratio of all flood risk management strategies (FRM) considered in the CRUE-project 
EWASE 2008 (see Table 1.1). 

Table 1.1: Comparison of benefit-cost-ratios of structural and non-structural flood protection measures 
(EWASE 2008). 

measure 
Benefit-Cost Ratio 
Minimum    Mean    Maximum Reference 

Polder Use 2.20             4.00       5.80 Förster et al. 2005 

Polder Invest 0.10 Gocht 2004 
FRBs 
Local Measures 

0.50 
5.20 

Merz & Gocht 2001 

Flood Warning System 2.60             4.60       9.00 EWASE 2008 
Insurance 
Derivatives 

0.80 
0.90 

Gocht 2003 

 

1.2 Warning systems in case of other disasters 

In order to gather further experiences and to provide additional information about 
existing warning systems the following chapter is focused on warning and disaster 
management in the case of dam break as well as rockslides and landslides.  
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1.2.1 Flood warning in case of dam burst 

In case of dam break no structural protection measures are possible due to the very low 
probability of recurrence commonly assigned to such kind of disaster. A resulting dam 
break wave propagates very fast. Some data from historical cases are given in Bornschein 
2009.  

Measures focus on disaster management aiming lifesaving and damage mitigation. Risk 
maps provide information about potential flooding areas and are a basis for emergency 
management (see Figure 1.7). 

There are some existing public warning systems in case of a potential dam burst. These 
systems include warning of people by signal hooters or diaphones, mobile vehicle public 
address system (loudspeakers) or telephone. 

One warning system was installed in Zurich, Switzerland. People were warned by means 
of diaphones (see Figure 1.8). Diaphones give a warning signal if a certain water level is 
reached in any flood case caused by rainfall or dam burst. Flyers created to inform people 
include a map with evacuation paths (arrows in Figure 1.8) in the case of dam burst. 

Warning systems were installed at Stolsvatn, Olsendvatn and Rødungen dam and at Kilen 
and Svartevann dam in Norway too. Both systems were activated in 1981. 
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Figure 1.7: Special hazard map for a hypothetical dam burst scenario. 

A very important task in dam break research is to learn from the past. According to that 
the following descriptions focus on experiences with disaster warning in case of dam 
break. Two examples the Glashütte dam break in 2002 and Witka dam break in 2010 are 
mentioned. 
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Figure 1.8: Dam-break warning system: Diaphone (left) and map with evacuation paths (arrows). 

During the flood event in August 2002 in Saxony, Germany the 9 m high dam of a small 
retention basin broke after overtopping and released more than 50,000 m³ of water 
which flew through the little town Glashütte situated only one kilometre downstream 
(Bornschein et al. 2002, Bornschein & Pohl 2003). In Germany there are no extra warning 
system in case of dam break. That’s why the mayor used the municipal diaphones at 12th 
of August 2010, 1 pm as the reservoir became full filled and the situation indicated an 
impending dam break. An acoustic signal was released three times to alarm the 
inhabitants. In addition a car with blue lights crosses the streets and the police went from 
house to house to inform people. Inhabitants and curious onlooker were told to leave 
streets and bridges (Kirchbach et al. 2002). As the dam broke at 4 pm the streets were 
empty and no one was hurt by the flood wave. Nevertheless great damage occurred at 
river bed and side walls, houses, streets and infrastructure. 

The reservoir Witka in Poland near the border to Germany was built in 1962 and provides 
the coal-fired power station Turow with water. At Saturday the 7th of August on 6 pm the 
dam failed due to overtopping and the flood wave run to the river Neiße and through the 
town Görlitz in Germany. Although a general flood warning messages were distributed by 
the Saxon Flood Centre for the eastern part of Saxony on Friday it was not predicable that 
the low pressure area released its precipitation only over a relatively small area. No 
information about flood warning in Poland is available. The manager of the reservoir 
confirmed in an interview to the newspaper “Sächsische Zeitung” a predicted amount of 
rainfall of about 60 to 100 l/m² but explained that this put no one on alert (SZonline 
2010). When the dam failed the message from the dam owner includes only information 
about an expected maximum discharge of 650 m³/s and no information about a dam 
failure. In addition the message was distributed from the dam owner to the polish 
administration, than to Frankfurt/Oder in Germany where an institution is responsible for 
data transfer between Polish and German municipalities and counties considering flood 
events. It reaches than the Saxon Flood Centre and was transmitted to the city of Görlitz. 
At this time the inhabitants have still not received this information. This is clearly not a 
short warning message distribution path. 

The Witka dam failure enlightens a very specific problem in connecting individuals to 
information networks, which is called the “last meter problem”. Due to different reasons 
the content of a message which circulates in the network does not reach the individual. 
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One reason may be that the individual is not permanently connected with the network. 
Inhabitants do not hear radio broadcasts or watch TV permanently. Another reason is the 
misinterpretation of messages. When experts talk about ordinary or normal danger or risk 
they mean normal flood water level as an expected flood water level. When inhabitants 
hear such terms they might think of no danger at all because situation is normal. 

 

1.2.2 Automatic warning systems against rockslide or debris flow 

Several automatic warning systems in Austria and Italy were installed to warn regions 
which are at risk due to rockslides or debris flow events. The following paragraph 
presents some examples. 

At the river Wartschenbach in Austria an automatic system was installed in spring 2004 
(see Figure 1.9). The system includes seven sensors measuring rainfall in the catchment 
area, fill level in the river channel as well upstream the bed load retention dams and 
geophones detect earth vibrations caused by debris flow (Sommer 2004). The analysis of 
collected data helped to identify situations which cause debris flow. The system is now 
able to create automatic warnings against debris flow and a forecast lead time of 10 
minutes is possible (http://sciencev1.orf.at/news/17664.html). Due to the short 
operation time there are no data about previous events with released warning messages 
and their impact available. 

 

Figure 1.9: Presentation of the measurement system at the river Wartschenbach (Austria) in the World Wide 
Web (http://www.boku.ac.at/anfiextern/wartschenbach/). 

The slopes at the mountain Maesstobel in Austria are at risk by rockslides and debris flow. 
An automatic control and warning system was installed which measures the three-
dimensional movement of the mountains slope which are at risk to fall down. In addition 
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geophones detect mass movements. In case of a rockslide the system creates and 
dispatches warning messages automatically and the street section below is closed by 
means of signal lights which are connected with the warning system (Sommer 2001).  

 

Figure 1.10: Map of the early warning system against debris flow near Nals, Italy (Sommer 2002). 

Another considered scenario in the Maesstobel area is the possible creation of a natural 
dam by the rockslide material which impounds the water of the river Suggadinbach. The 
early warning system includes the possible case of a dam burst. In that case the warning 
time is about 10 to 15 minutes (Jäger & Moser 2008). 

After debris flow event in 2000 a warning system was installed in the mountains above 
Nals in Italy (Sommer 2002). The measurement system includes two precipitation sensors 
(rainfall, snow and hail), three geophones (earth vibrations), one ultrasonic sensor (flow 
depth) and one video camera was established (see Figure 1.10). The propagation of the 
debris flow downstream to Nals allows a warning time between 20 to 60 minutes. The 
system releases warning messages automatically but it is possible to validate the warning 
by means of the video camera. There are no data about previous events with released 
warning messages and their impact available. 

In 1892 a pocket of water (poches d’eau) under the Tête-Rousse glacier at an altitude of 
3,200 metres burst and released a big flood wave which destroyed the small French 
village of Saint-Gervais. In 2009 it was discovered that there is a new sub-glacial cavity 
filled with 65,000 cubic metre of water. To prevent another catastrophe like in 1892 it 
was decided to pump the water out of the cavity which started in august 2010. The water 
will be pumped out within a month and gradually released. Before pumping could start an 
automatic warning system, costing $640,000, was set up. Input data came from local 
observers, satellite observation and two metal probes (see Figure 1.11). The two cables 
were placed across the glacier to trigger a siren in the valley below. In case of sudden 
water release the two cables would broke together with the ice and induced the alarm. 
The nearest inhabitants have been informed about 17 rallying points on high ground, and 
would have 10 minutes to reach the nearest one if the alarm sounds (le Hir 2010). 
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Figure 1.11: Warning system including local and satellite observation of the Tête-Rousse glacier during 
draining a pocket of water. 

The permanent systems presented above are quite new and started as scientific projects. 
They become now practical applications. But no data about released warning messages 
and their impact in risk management are still available.  

Nevertheless some points can be summarised regarding automatic warning systems in 
small catchment areas: 

- automatic warning systems in small (catchment) areas should be highly 
equipped with different types of sensors to obtain valid data and to 
provide the opportunity to check released warning messages 

- self-learning systems and an operation test phase are important because 
the system has to “learn” which situation would create a hazard 

- in case of a temporarily warning system with little information about 
hazardous situations local observers and redundant observation and/or 
measurement systems can help to compensate for this lack of knowledge 

 

1.2.3 Analogy warning in case of disaster in chemical industry 

Other emergency cases in which automatic warning systems are installed are disasters in 
chemical industry. Here warning systems with diaphones are very common in several 
countries in Europe. Information about the warning systems and the appropriate 
behaviour in case of emergency are distributed to the inhabitants who live 

- near chemical industries or  

- at main transport routes of hazardous material 

and could be affected.  
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Information sheets regarding such kinds of disasters which are available for the public 
recommend not only waiting until the alarm signal starts but also to take active measures 
for personal protection like stay indoors, close doors and windows. 

In case of accidents or disasters involving hazardous substances immediate action is 
necessary, because time until damage occurs is very short and almost equal the time 
which is needed to discover and report the accident and disseminate the alarm messages. 
That’s why these automatic warning systems have a very fast message distribution 
system. In case of smaller disasters or disasters with only local effects (e. g. transport 
accidents) the warning and information distribution path has to be local too.  

The following warning dissemination devices are common (e.g. Albert 2002, Hoechst 2009 
and Homepage of the Association of Civil Protection in Lower Austrian 
(Niederösterreichischer Zivilschutzverband NÖZSV), http://www.noezsv.at/frame/ 
notfaelle_was_tun/chemieunfall/frame.htm): 

- acoustic signals by diaphones 

- public address announcements (loud speaker on cars) 

- radio/TV 

- community helpline 

Diaphones are in action immediately and have a wide range of coverage but are more 
expensive. If only acoustic signals can be transmitted, no information about the kind of 
disaster is possible. In that case a community helpline and radio or TV broadcasts can 
provide additional information.  

Loud speakers on cars need more time to get in operation and are people intensive (two 
people at last, a driver and a speaker) and time consuming. But they can give more 
information to the inhabitants locally affected. It is recommendable to use a standard 
form with predefined text modules (see Figure 1.12, right picture). The speaker should 
articulate loud and clearly. A maximum speed of the car of 15 km/h and announcements 
every 100 m are recommended (Albert 2002). The covered distance should be 
documented. Special objects like kindergartens, schools, hospitals, retirement and rest 
homes, administrations and companies with many employees, gyms, festival halls, large 
stores and camping sites should be informed personnel. 

Diaphones and loud speakers are owned by both: 

- the company on which property the disaster take place, and 

- fire brigade or police  

Only the combination of all information paths makes sense and assures that the warning 
message is received by every inhabitant at risk. 
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Figure 1.12: Left: loud speaker on a warning car owned by fire brigade; right: a standard form “Fire” with 
predefined text modules (Albert 2002). 

Out of the description above it can be stated, that: 

- diaphones and loud speakers are a very appropriate device to disseminate 
warning messages very fast 

- additional information should be provide by community helpline or TV and 
radio 

 

1.3 Data collection and forecast models  

Data collection in flood forecasting includes all data which are needed to establish a 
rainfall-runoff-model and/or a hydraulic model for flood propagation and real time 
measurement data. 

Needed data to establish the calculation models include digital terrain model, land use 
data, information about soil material, river bed material as well as data about buildings 
along the river or near the coast like bridges, weirs, culverts or houses within the 
floodplains. 

Real time measurement data comprises rainfall measurement by radar and/or rainfall 
gauges, water level at river gauges to calculate river discharge by means of stage-
discharge-curves or sea water level together with upcoming storm events. In 
mountainous regions snowfall together with a sudden increase in temperature could also 
cause floods which should be considered too. 

Weather forecast is necessary to predict future events but is less reliable than 
measurement data. In small catchment areas the weather forecast is the weakest point 
within the warning system. 

 



      

Compilation of advanced warning systems  14 

1.3.1 Weather forecast and rainfall measurement 

In all European countries weather forecast is well established but according to the fact 
that rainfall prediction for a certain location is more complex than temperature forecast 
and due to limitations in spatial resolution of the models rainfall forecast is quite 
uncertain. Although there were many improvements in weather forecast in the last 
decade rainfall prediction seems to be the weakest point in flood prediction and warning 
considering small catchment areas or flash floods. 

Rainfall measurement and radar data provided by national weather services are available 
in all European countries (see also chapter 2.1 and Figure 1.13). Warnings against critical 
weather conditions are provided commonly by means of webpages. 

 

Figure 1.13: Weather warnings in Spain (http://www.aemet.es/es/eltiempo/prediccion/avisos). 

In Austria every province has a hydrographical service that is in charge to provide a 
forecast in case of an approaching flood. Meteorological precipitation and temperature 
forecast are made at the ZAMG (Austrian Central Institute for Meteorology and 
Geodynamics). Hydrological and hydrodynamic models on basis of measured and 
forecasted data are widely used by the provincial authorities. The hydrological service 
predicts tendencies (increasing, decreasing, constant) and provides data on flow rates 
and water levels.  

In Spain different measurement networks exist which operate nationwide or local. The 
National Meteorological Institute (INM) owns rainfall gauges all over in Spain. Local 
organisations like Jucar River Authority or Catalan Water Agency (ACA) maintain a 
network of rainfall gauges (SAIH). Weather radar stations are operated by local 
organisations like Meteorological Service of Catalonia. 
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The German Meteorological Service (DWD) monitors weather and meteorological 
conditions over Germany and offers weather services for the general public as well as 
specific services. It provides information about future precipitation and temperature in 
Germany calculated by means of so called local model COSMO-DE (Deutschlandmodell). 
The model is characterised by horizontal mesh size of 2.8 km and 50 vertical layers. 
Information (qualitative) about heavy rainfall events are available two days before. 
Rainfall forecast lead time is usually 24 hours (Flath 2004). After the extreme flood event 
in 2002 a new network of automatic rainfall gauges was put into action in Germany. 

German weather forecast data give estimation about the future precipitation with 
occurrence probability of 10 %, 50 % and 90 %. It is not specific for smaller catchment 
areas but refers to much wider areas. As example in case of Weißeritz catchment area in 
Saxony/Germany forecast data refer to an area south of river Elbe between the border to 
Czechia in the east and town Meißen in the west (Gebiet der linkselbischen Nebenflüsse), 
which is four times as big as the catchment itself. So the forecast data are not specific for 
the Weißeritz catchment but global for several catchment areas of different river Elbe 
tributaries coming from south and have their sources in the eastern part of the Ore 
Mountains.  

Regarding Weißeritz catchment area the forecast lead time of precipitation is between 24 
and 48 hours if there are stable weather conditions. In case of extreme weather 
conditions involving convective rain forecast lead time decreases to 2 hours. Experiences 
of the last years led to the conclusion that today the precipitation forecast rather 
overestimates the actual amount of rain (Hoehne 2010).  

Small catchment areas of a size of 1 to 100 km² which are at risk of flash floods are 
smaller than spatial resolution of today operational hydrologic forecast models in 
Switzerland (Zappa & Vogt 2007). However forecast due to combined models (numerical 
weather forecast and hydrologic models) is technical possible but not useful because 
missed events and false alarm more often occurs. Today models cannot calculate 
convective rainfall due to their spatial resolution (e.g. 10 x 10 km COSMOLEPS, 7 x 7 km 
COSMO7). 

For project MINERVE (Jordan et al. 2004) at the river Rhone in Switzerland meteorological 
data including rain intensity, equivalent snow intensity, air temperature, snowfall limit 
and snow cover surface) are available every 12 hours and 72 hours in advance with a 
spatial resolution of 7 x 7 km. The model has elevation layer every 100 m. Data come 
from Swiss Weather Service (MeteoSuisse). 

Research projects in Switzerland deal with semi-operational probabilistic models and 
information and warning systems for small catchment areas (IFKIS-Hydro) which can 
provide comprehensive and reliable information in the case of a flood event in real time 
(Zappa & Vogt 2007). 

But still small catchment areas might be under-equipped and fall through the cracks. This 
is congruent to a result from research project URBAS (Einfalt & Hatzfeldt 2010) that the 
actual density of rainfall gauges are not sufficient in some areas of Germany to get 
appropriate information about rainfall events which could cause flash floods. Considering 
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pluvial flooding it is evident that modeling and forecasting of these events requires short 
term rainfall prediction with high spatial and temporal resolution. 

In order to get spatial rainfall distribution radar measurement was introduced in the last 
decades. But radar data are qualitative. Measurement Data from rainfall gauges are 
necessary to calculate quantitative information. And here the same problem is evident as 
described above that in a considered small catchment area too few or none rainfall 
gauges might be installed.  

The installation of additional rainfall gauges within a small catchment area is a possible 
solution of this problem but is very expensive. Not only the rainfall gauges and the 
information transition to the central entity have to be maintained but the data have to be 
included in the national weather models too. This solution is also adapted by CRUE-
project DIANE-CM (Decentralised Integrated Analysis and Enhancement of Awareness 
through Collaborative Modeling and Management of Flood Risk) as described in minutes 
of the Mid-term meeting of the 2nd ERA-Net CRUE Funding Initiative in Madrid 2010. 

Another possible solution is to include local observers within the operational system like 
it is suggested and tested by IFKIS-Hydro in Switzerland. It is noticeable that data 
collection by means of local observers needs real time and reliable (redundant) 
information transfer, data storage and integration in forecast models by experts. 

Regarding weather forecast and rainfall measurement it is obvious that: 

- available weather forecast might miss small but heavy rainfall events due 
to the spatial resolution of the national weather models 

- rainfall data in small catchment areas with no or too few rainfall gauges 
should be improved by information of local observers and installation of 
additional rainfall gauges 

 

1.3.2 River gauges and flood wave propagation 

If no proper rainfall-runoff-model can be implemented the simplest method to warn 
people downstream is to use a river gauge which is situated a significant distance 
upstream the point of interest. Reservoir outflow gauges of retention basins can be used 
as well. This can only be applied if the river reach upstream is long enough and the 
discharge which is added by the catchment area between the river gauge and the point of 
interest is relatively small or can be estimated by means of simple formula.  

Many historical systems used this kind of warning system. Early examples for warning 
systems in small catchment areas are river Müglitz and Gottleuba in Saxony, Germany 
where flood observation and information services were established by government in 
Saxony after an extreme flood event in 1897 (Pohl 2004). The police was responsible for 
flood warning. River gauges to measure the water level were built in the Ore Mountains. 
At the river gauges five alarm levels (A, B, C, D, and E) were marked (Fügner 2002). The 
alarm stages A was defined as bank overflow. Alarm stage B and C were defined as follow:  
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B = A + 1/3 · (E - A) (1.1) 

C = A + 2/3 · (E - A) (1.2) 

Alarm stage E and F represented different flood water levels (Pohl 2004).  

Warning messages were first disseminated by telegraph and then by telephone. The 
problem was, that the cables were mounted at masts standing within the valleys and 
often demolished during flood events so if the warning system was needed it was out of 
operation. 

The definition of different alarm stages at a river gauge in order to connect a certain 
water level with appropriate actions is usually until today (see chapter 1.5.2). The flood 
warning gauge could be situated at or a certain distance upstream a point of interest, e. g. 
a town. If there is a small catchment area with no significant additional catchment below 
or flood propagation is very fast it is better to refer to a flood warning gauge which is 
situated upstream our point of interest. A warning gauge situated at the point of interest 
suits more the situation at bigger rivers with water level forecast. The information about 
inundation in the last case is more precise helping to put appropriate measures into 
action. 

The different terms for flood warning levels or alarm stages can describe on one hand the 
degree of flooding or on the other hand the connected actions. The research project 
TELEFLEUR suggested a classification by three thresholds (mild/significant/severe) to 
describe the degree of flooding. In Czechia three flood warning levels (flood watch/flood 
warning/flooding) are defined for every flood warning gauge. Four alarm stages 
(observation, inspection, guarding and flood defence) are defined for all flood warning 
gauges in Saxony, Germany. In Austria there are warning levels for rainfall and river water 
levels (EWASE 2008). Four warning levels are defined for rainfall: 

- no identifiable 

- attention (less than 18 times a year) 

- greater attention (less than 4 times a year) 

- extreme event (less than 2 times in 3 years) 

The warning levels for river gauges are defined together with the communities and local 
companies. If no warning level is defined the responsible actors uses the water level of a 
one year flood as a first critical limit. 

If one combines the knowledge about actual water level at a warning gauge with weather 
forecast than a flood forecast by expert knowledge is also possible. As an example flood 
forecast at river Weißeritz in Saxony, Germany is specified in chapter 2.2. It is very 
essential for this type of forecast system to consider the wave propagation time between 
flood warning gauge and the location where flood affected people live as well as the 
degree of flooding. If the forecast time is short together with a severe degree of flooding 
only warning dissemination und rescue actions are possible. The warning system can help 
to prevent that people will be hurt or die during a flood event. If forecast lead time is 
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longer or degree of flooding is milder flood damage mitigation by means of mobile 
elements or other flood protection measures is possible too. In such case flood warning 
information helps to minimize economic losses. 

For flood warning systems considering only measurement data of river gauges it is 
essential that the data will be measured and transmitted during a flood event regularly 
and certainly. It has often been observed that gauges were destroyed during extreme 
flood events. During the flood event 2002 in Saxony, Germany more than 30 of 108 
warning river gauges failed or were destroyed. The effect was that in case of emergency 
no data about the local situation and the development of the flood wave reached the 
administration and coordination of work between fire brigades, THW and others became 
complicate. After the event all gauges were repaired or new installed. Today the buildings 
and measurement installation are more resilient against floods and redundant systems of 
data communication were installed.  

Measurement data of river water level are also necessary to predict water level at 
locations downstream by means of simple flood routing models e.g. translation-diffusion-
model or Kalinin-Miljukov-Model. In Figure 1.14 some rivers in Saxony with this kind of 
forecast model are summarised. The method is often applied to middle size catchment 
areas. 

Considering the European countries river gauges are available at bigger rivers but only 
few or none river gauges are installed at small rivers. Therefore it can be recommended: 

- to install additional river gauges at smaller rivers 

- to check the flood resilience of the flood warning gauges so that they can 
withstand and measure extreme flood events too 

- to assure redundant data transmission 

 

1.3.3 Flood forecast by rainfall-runoff-models 

If there are enough data as well as a valid rainfall-forecast it is reasonable to establish a 
rainfall-runoff-model for flood forecast. The main purpose is to increase forecast lead 
time significantly.  

Table 1.2: Flood forecast models in Saxony, Germany (LfUG 2005). 

River catchment 
Number of forecast river 
gauges 

Forecast Lead 
Time [h] 

Elbe (Praha-Brandys-Louny-Torgau) 5 24 – 80 

Mulde 9 6 – 24 

Schwarze Elster (until Town of Neuwiese) 3 6 – 12 

Weiße Elster(upper reach)/ Pleiße (upper reach) 12 6 – 12 

Weiße Elster (lower reach) 4 6 – 24 

Spree (until town of Spremberg) 10 6 – 24 

Lausitzer Neiße (until river gauge Görlitz) 2 6 – 24 
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Different types of flood forecast models exist in Saxony, Germany (see Figure 1.14 and 
Table 1.2). To predict floods at the river Weiße Elster in west of Saxony a rainfall-runoff-
model together with flood wave propagation model using Kalinin-Miljukov-model is 
applied. All these models capture only middle sized catchment areas. 

 

Figure 1.14: Rivers with flood forecast models in Saxony, Germany (LfUG 2005). 

Zappa & Vogt 2007 gives a good overview about flood forecast models in Switzerland. At 
the river Rhine a first model was implemented 20 years ago. The today model (platform 
FEWS) includes the whole Rhine catchment area as well as the Austrian and German 
tributaries. The smallest catchment area which is calculated within FEWS is river Emme 
(near Eggiwil). This catchment area is 124 km² and because of uncertainties the 
information is only intern and not public. FEWS provides forecast information for 
organisations responsible in disaster management or other customer only for catchment 
areas larger than 400 km² and with no anthropogenic effect on flow regime. Nevertheless 
the training of end users is necessary to interpret forecast information properly. Public 
forecast information via internet is only provided for catchment areas larger than 
1000 km².  

Project MINERVE (Jordan et al. 2004) at the river Rhone aims on a numerical model using 
deterministic and physically oriented approach to describe rainfall-runoff and flood 
routing considering operation of 12 reservoirs. The model includes the whole Rhone River 
catchment area upstream Lake Geneva of about 5500 km². Data needed are weather 
forecast from Swiss Weather Service (MeteoSuisse), real-time measurements of rain at 
different rain gauges and discharge measurements at different river gauges. In addition 
operation data of the main hydropower schemes are necessary.  

A general problem of these empirical models is to calibrate the parameter set which is 
necessary to convert the rainfall volume into the runoff volume. It was often observed 
that a calibrated parameter set for smaller flood events does not cover extreme flood 
events and vice versa (Pohl et al. 2009). Therefor we need different parameter sets which 
have to be applied automatically regarding actual input data like rainfall intensity. If there 
are reservoirs or retention basins within the catchment area the implemented model has 
to include their operation rules to get satisfactory results. 
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From this short overview it can be summarised, that: 

- flood forecast models including rainfall-runoff-calculation are more 
common in middle and large catchment areas due to inaccuracy of 
calculation results 

 

1.3.4 Flood prediction errors and their impact on flood management 

Possible errors in flood forecast can refer to both peak discharge and/or peak arrival time. 
On one hand the flood can arrive earlier or later than predicted and on the other hand 
the peak discharge can be higher or lower than predicted. This is shown in Figure 1.15 
using simplified discharge hydrographs. 

 

Figure 1.15: Possible errors in discharge hydrograph forecasting with differences in peak discharge and peak 
arrival time: (─) observed; (∙∙∙) predicted (OPAQUE 2009). 

For flood protection purposes it is important to predict the maximum river discharge at a 
certain point of interest very accurate because mobile flood protection elements have to 
be higher than the water level at flood peak to fulfil their task. If the predicted flood peak 
is higher than the observed one flood protection is sufficient but mobile flood barriers are 
too high and this extra work might cause a lack in rescue work at other hot spots. If the 
forecasted flood peak is lower than the observed one there will be a flow over the flood 
barriers. A barrier failure might occur which can increase flood induced damage because 
of an increasing discharge with high flow velocities near the breach.  

The prediction of flood peak arrival time is important too because it set a time limit to 
possible flood protection measures. If the flood peak arrives faster mobile flood 
protection elements might be still under construction and flood damage could be higher 
than without. 
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Figure 1.16: Hourly deterministic flood forecast throughout one flood event for different lead times compared 
to the observed discharge hydrograph, Traisen catchment in Austria, river gauge Windpassing, catchment 

area: 733 km², rainfall-runoff-model COSERO (EWASE 2008). 

It is often observed that the output of rainfall-runoff-models is more valid if the forecast-
lead-time is short. In Figure 1.16 and Figure 1.17 two examples from the project EWASE 
2008 are shown. It is a comparison between the observed and predicted discharge 
hydrograph at a river gauge. Prediction is an output of a rainfall-runoff-model on basis of 
rainfall measurement data. 

It is obvious that with shorter forecast-lead-times the rainfall-runoff-models capture the 
real (observed) flood wave better. However in both examples the flood peak could not be 
calculated correct and was overestimated by 20 to 35 %.  

 

Figure 1.17: Flood forecasts throughout a rainfall event using real time available QPE [mm/h] for different lead 
times [h] compared to the observed discharge hydrograph, Besòs catchment in Spain, river gauge MOCA,  

catchment area > 800 km², rainfall-runoff-model COSERO (EWASE 2008). 

New research and the development of new models in flood forecast are often triggered 
by extreme flood events. For example many projects were initiated after extreme flood 
event in Germany in 2002 e.g. within the research program RIMAX. Many improvements 
and excellent results in flood management were realised. But no applicable output was 
achieved regarding flood forecast in small catchments. 
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A research project considering a small catchment area (50 km²) was OPAQUE (operational 
discharge and flooding predictions in head catchments) within the German research 
program RIMAX (OPAQUE 2009). The aim was to increase forecast-lead-time for reservoir 
operation using a rainfall-runoff-simulation combined with a medium term ensemble 
forecast. The project considered river gauge Ammelsdorf at the river Weißeritz in 
Germany as a case study. The gauge is situated at the inflow in the Lehnmühle reservoir. 
Nevertheless calculation results indicate no significant advantage of using calibrated 
weather radar data instead of rainfall gauge data (Kneis & Heistermann 2009). In such 
small catchment areas the quality of discharge prediction is less good even in the case of 
a “perfect” weather forecast. Causes are imperfect measurement data, problems in 
regionalization, model structure, model parameter and discretization. It was suggested to 
use the created model as a warning system against critical weather conditions. A 
discharge prediction as a basis of reservoir operation was not possible. 

The four SUFRI case studies confirm the statement that weather forecast and rainfall-
runoff-models are the weakest point in flood warning systems (see chapter 2.2). Case 
study Dresden, Germany has to deal with an overestimation of future rainfall. In Graz, 
Austria there is no prediction possible, if a thunderstorm remains over the considered 
Schöckelbach catchment area or not until it starts to rain. Unpredictable heavy rainfall 
events causes flash floods in Benaguasil and Arenys de Mar, both in Spain. These 
explanation shows, that: 

- rainfall-runoff-models for small catchment areas are still a topic of 
scientific projects 

- flood forecast in small catchment areas should consider more simple black 
box models to deal with uncertain rainfall prediction and short forecast 
lead time 

 

1.4 Warning dissemination  

Flood risk communication to inhabitants of urban areas differs between countries and is 
probably affected by historical flood experiences.  

Nevertheless a very detailed study about flood preparedness in the Netherlands (Terpstra 
2009) gives some good points regarding risk communication. People will only prepare for 
floods if they perceive that flood preparedness is personally relevant. It is therefore most 
important that risk communication is tailored to the local needs of the people at risk. Risk 
Communication messages should explain that flood preparedness requires citizen 
participation. Risk communication should use a combination of fear appeal, information 
about local flood consequences and locally effective flood preparations that requires few 
individual resources. Dutch people are most interested in flood preparations that increase 
their safety during evacuation and floods (e.g. providing with flashlight) but largely 
decline to take responsibility for flood damage because they have a great trust in flood 
defence measures taken by government.  
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This confirms the behaviour of many inhabitants of Arenys de Mar, Benaguasil and Graz 
(SUFRI case study areas) which adopt self-protection measures after a weather warning 
or a flood warning message is released. The main reason is to mitigate flood damage at 
private properties which these inhabitants have suffered from during recent flood events. 

 

1.4.1 General information paths 

The general information distribution depends on the general components of a warning 
system (see also chapter 1.1.2). Warning messages are created by flood warning centres 
or local water authorities. Two kinds of messages distribution can be distinguished after 
that. Either the message proceeds along the official channels (flood centre → county → 
towns & cities → inhabitants) or the message is distributed to county, towns, cities and 
inhabitants and of course fire brigades simultaneously (see two examples in Figure 1.18). 
Because warning messages are in general forwarded by humans and not automatically, it 
is obvious that a simultaneously message distribution needs less time which is important 
regarding flood forecast lead time in small catchment areas. 

  

Figure 1.18: Two examples of warning message distribution to the affected inhabitants after creation of a flood 
warning message in two federal states in Germany (left: Bavaria, yellow arrows = obligation to inform, blue 

arrows = additional information, right: Saxony). 

The improvements of flood warning in Saxony, Germany enlighten this problem. Before 
the 2002 flood 4 regional flood warning centres exist in Saxony. After the flood event 
2002 flood warning in Saxony was centralised in the Saxon Flood Centre (LHWZ) in 
Dresden. Today flood warning messages are dispatched directly to municipalities and 
private companies with higher risk of flooding e. g. hospitals, business companies. In 
addition flood warning messages are available in the World Wide Web 
(www.landeshochwasserzentrum.sachsen.de) or via TV (Video text) or telephone (Flath 
2004). 

The communication system has to assure that all affected inhabitants can receive and 
understand a warning message as well as that the concerned inhabitants can get 
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information about the actual situation. This is only possible by a combination of different 
information distribution paths or means of communication (acoustic devices, TV, radio, 
Internet). 

It can be stated that effective warning message distribution needs: 

- short ways of information distribution 

- multiple information distribution paths (acoustic devices, TV, radio, 
Internet) 

- simultaneous distribution to local administration, rescue workers and 
inhabitants 

 

1.4.2 Acoustic signal devices 

In case of flash floods or other fast advancing floods one has to create flood warnings 
very fast just during the rainfall and to provide this information to the public body about 
short information paths. Diaphones or sirens are devices creating acoustic signals in order 
to warn or alarm e. g. fire brigades or the public. There are mechanical, pneumatic or 
electronic diaphones (see Figure 1.19). In German and Austria they are called “Sirenen”. 

A central or local controlled area-wide network of diaphones in a country provides a 
good, simple and cost efficient opportunity to warn the inhabitants of a certain region in 
case of floods, disaster in chemical or nuclear industry (ABC-Alarm) by means of different 
acoustic signals (see also chapter 1.2.1 dam burst and 1.2.3 chemical disasters). The 
warning dissemination is often faster than by means of radio or TV, could be limited to 
the affected area and reaches those people too which do not watch TV or hear radio at 
this time. 

 .  

Figure 1.19: Examples of diaphones. 
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Figure 1.20: Location of municipal diaphones in the Weißeritz catchment area Dresden, the blue circles 
represents the area in which the acoustic signal can be heard (Rümpel 2008). 

Before 1990 there was a diaphone network in Germany of about 100.000 sirens. Because 
the cities and municipalities had to buy the sirens back from Federal Republic of Germany 
and to take over responsibility many of them decided to demount the diaphones in the 
1990ies (Roßberg 2002). Causes were high operation cost, trouble because of loud 
function tests and the certainty that the cold war was over. Fire brigades often use silent 
alarm devices. The only opportunity to transmit a warning message to many people was 
than radio or TV.  

Only a few cities have a siren network today (www.wikipedia.de). The city of Hamburg 
needs a siren network especially for warning against storm tide. After many extreme 
flood events in 1997 (river Oder), 2002 (river Danube, river Elbe and many smaller rivers) 
many cities have decided to reinstall siren networks e. g. Passau, Dresden (see Figure 
1.20) and Augsburg. Function test are common but the date and time are determined 
locally. 
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Figure 1.21: Leaflet with diaphone warning signals in Austria (left) and in Dresden, Germany (right). 

In Dresden the siren function test takes place 4 times in a year at the second Wednesday 
of each quarter. A leaflet informs about diaphone warning signals (see Figure 1.21). The 
electrical diaphones can disseminate acoustical signals as well as predefined voice 
messages. The voice messages starts with the phrase:  

“Attention! Attention! Your fire brigade is speaking” (“Achtung, Achtung, 
hier spricht Ihre Feuerwehr!”)  

The control centre can activate every siren separately. This assures that a warning 
message is disseminated only in the region affected. The diaphones have self-contained 
power supply. 

In Austria there is a nationwide network of 8170 diaphones. Different acoustic signals are 
possible (see Figure 1.21):  

- fire alarm (3 times 15 second continuous tone with 2 pauses each 
7 seconds long) 

- function test: 15 seconds continuous tone 

- warning: 3 minutes continuous tone  

- alarm: one minute of altering tone height (auf- und abschwellender Ton) 
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- all-clear: one minute continuous tone  

A function test of every diaphone is scheduled every week at noon on Saturday. At the 1st 
of October a function test of all diaphones in Austria take place. 

The central controlled network in Switzerland includes 7750 diaphones. The aim is that 
99 % of the inhabitants can hear a released acoustic signal. Residents of places far away 
get warning messages by means of phones. In addition mobile diaphones or loudspeakers 
(mounted on vehicles) are available. Public warning with diaphones takes place in case of 
natural disasters as well as disaster in chemical industry. A function test takes place at the 
1st Wednesday in February at 1:30 pm. All diaphones in Switzerland release a warning 
signal at the same time. (www.wikipedia.de) 

Another example of an acoustic warning device is the bell which is situated at the building 
of the municipal market in Arenys de Mar, Spain (see Figure 1.22). This bell was installed 
in 1930s to warn against bombing raids but was used from the 1950s to the 1990s as a 
warning system against floods (see Table 2.4). Because floods occur several times every 
year people know what to do if the bell rings. 

 

Figure 1.22: Building of the municipal market in Arenys de Mar, Spain (photo: Bornschein). 

The explanations above shows that:  

- sirens, diaphones or loudspeakers are the best tools to warn the affected 
and not all inhabitants of an urban area in case of flood 

- to provide more information sirens which can disseminate voice messages 
too or megaphones are helpful 

- it is noticeable that the acoustic reach of megaphones is smaller than of 
diaphones 
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1.4.3 Others information systems 

In case of emergency redundant message dissemination paths are required to inform 
people in any circumstances. From historical events it is known that disruption in power 
supply or in mobile communication networks can occur.  

Besides diaphones other dissemination systems for flood warning messages can be 
divided into three groups: 

- dissemination of information to people who are involved in disaster 
management (e. g. administration) or in rescue work and flood defence 
(e. g. fire brigades) 

- dissemination of information to the public which is affected including 
signals which are necessary to close a public space and start evacuation or 
to stop traffic and block a street, railway or others (acoustic and light signal 
in the area affected) 

- dissemination of information to the public which is concerned (e.g. by 
means of community helpline, World Wide Web); an example is described 
in chapter 2.1 

People who are responsible in disaster management and flood defence get their 
information often by text messages on mobile phones or via fax machine. An 
uninterruptible electrical power supply is necessary if the information via fax machine is 
recommended. Furthermore it has to be ensured that the fax message reaches a 
responsible person even in time when the office is closed. Another aspect to consider is 
that in case of emergency mobile communication networks are often disrupted. In case of 
fast arriving flash floods fire brigade has to put on alert when the rain starts to fall down 
or there is a forecast about a probable heavy rainfall event. If the uncertainty of such 
forecast is too high fire brigade can put on pre-alert, which includes the preparation for 
flood mitigation measures but no actual actions. 

For information distribution to people in the flooded area public address announcements 
can also be used. Modern electrical diaphones or sirens or mobile system are able to 
broadcast text messages in addition to acoustic signal.  

Additional information about a flood alert could be given by megaphones like in Graz, 
Austria (see Table 2.4). The fire brigade stuff prefers megaphones because they suspect 
misinterpretation of diaphone signals. Megaphones provide the opportunity to give clear 
recommendations about what to do in case of a flood. Since megaphones have to be 
installed on cars they can only be of use before a flood event not during a wide 
inundation. Megaphones have a smaller acoustic reach than diaphones. 

If there is a long lasting flood event information boards, light signals and traffic road signs 
can inform people about necessary closing of streets, footpaths or others (see Figure 
1.23). 



      

Compilation of advanced warning systems  29 

 

Figure 1.23: Signs to inform about floods (in Arenys de Munt, Spain, in Germany, in Great Britain, in France). 

A permanent task considering floods is to increase public flood awareness (public 
information via TV, radio and flyer, risk mapping, insurance, etc.) and to initiate 
preparation of a disaster supply kits by people. 

The concerned public can get information about forecasted or on-going flood events via 
TV (teletext) or the Internet. Weather information and/or warning against heavy rainfall 
together with more general information about impending flood events are often provided 
by national or regional weather services via World Wide Web in all European countries 
(see chapter 2.1). For the inexperienced public it is often not easy to transfer the provided 
information about actual water levels and discharges into personal flood protection 
measures and rescue action. Additional information via telephone (emergency telephone 
code or community helpline) could provide significant help.  

To provide more general information about flood events in an urban area municipal 
administration can distribute leaflets or brochures. Scientists of the two research projects 
URBAS and MEDIS within the RIMAX research program in Germany established a web-
based brochure which enables communities to create tailor-made information about 
floods in their communities (http://nadine.helmholtz-eos.de/Vorsorgebroschuere.html). 
Some general modules about possible private flood mitigation measures can be combined 
with local information to get cost-efficient brochures with high information standards 
which can be distributed to the inhabitants or put on the homepage of the community.  

It can be summarised that other measures informing people: 

- should give addition information which only acoustic signal cannot provide 
(information about proper behaviour, evacuation, development of 
situation)  

- are necessary to block roads or close other public places 

 

1.4.4 Warning messages 

Weather and flood forecast is characterised by increasing uncertainty considering higher 
forecast lead time. So very early flood warning messages are often vague and refer only 
to lower flood water levels which cause no extra precautions. If an event proceeds higher 
flood levels are expected but then there is only very short time to prepare for flood 
damage mitigation actions. This is why experts often confirm the existence of flood 
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warning messages but inhabitants report that there was no early warning (see e.g. 
Jeschke et al. 2010). Here an honest description of what information actual forecast 
models can provide is necessary. 

In many European countries there are different kinds of warning messages before or at 
the beginning and during a flood event. In the city of Graz, Austria these text messages 
were between 2008 and 2010 phrased as follow: 

1st Level: „Attention, there is a risk of thunderstorms and intense rain in 
the next hours! Please pay particular attention! The professional fire 
brigade Graz! ” 

2nd Level: „Attention, there is a risk of flooding in the area of …..! Please 
pay particular attention! The professional fire brigade Graz!” 

Since 2011 the following phrases have been used: 

Information 1 (a thunderstorm in Graz is possible, but still not arisen) 
“Thunderstorms (intense rainfall, storm, thunderstorm etc.) are expected 
in the next hours. Please pay particular attention! The city of Graz, 
Department disaster control and fire brigade” 

Information 2 (thunderstorm in Graz has arrived) Attention, there is an 
imminent danger by thunderstorm (intense rainfall, storm, thunderstorm 
etc.). Pay attention to measures of self-protection! The city of Graz, 
Department disaster control and fire brigade” 

The agency of fire and disaster control in Dresden, Germany gets flood warning messages 
from Saxon Flood Centre by text messages and by fax. These text messages have to be 
answered for checking purposes. The text message regarding flood alarm stage 1 includes 
the following phrase: 

“The flood alarm service for the Weißeritz catchment area is open” (“Der 
Hochwassernachrichtendienst für das Flussgebiet Weißeritz ist eröffnet”) 

The fax includes information about the hydrological and meteorological conditions, water 
level data at the river gauge, information about current water level and free flood storage 
capacity in the upstream reservoirs and a remark about the next flood warning message. 
During a flood event in smaller catchment areas messages are disseminated twice a day. 
If a flood event is forecasted a flood warning messages with the following phrases is 
disseminated: 

“The weather forecast of DWD indicates extreme rainfall in area z. The 
water level at river gauge y can reach alarm stage x in the near future.” 
(“Die Niederschlagsprognose des DWD sagt Starkniederschlagsereignisse 
für Gebiet z vorher. In nächster Zeit kann Alarmstufe x am Pegel y erreicht 
werden.”) 
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Warning messages to the inhabitants can be disseminated by means of diaphones using 
predefined text messages. In case of flood the following phrase would be used: 

“There is danger of flooding! Move to higher ground!“ 

or in case of a thunderstorm: 

„Thunderstorm danger! Protect your building and stay indoors!“ 

All examples confirm that flood warning messages should be clear, simple, 
understandable and without subjunctives. In case of emergency they can include requests 
to inform and help neighbors and to get more information about the actual situation. 

After a flood event it is common to send an all-clear-information to end the alert. 

 

1.5 Decision making and Actions  

In case of emergency there is no time for disaster management planning. We have to 
know what could happen during flood events and which flood defence measures are 
required. Disaster protection management plans have to be at hand and up to date 
including required action. The planning should be reconsidered after every flood event 
when flood protection actions were needed. But flood maps and management plans are 
only as good as the hydraulic-numerical calculations or analysis of historical events they 
are based on. If we have not calculated an extreme event or if in a certain catchment area 
a big flood event is long ago we could not be certain what we have to do in case of an 
extreme flood event even there are maps and plans for smaller events. This and some 
advanced tools (DSS DISMA from Germany and intervention map from Switzerland) are 
described in chapter 1.5.1. 

Flood defence measures are the inspection on rivers, dikes, dams, retention basins and 
bridges, the removing of blockage in river bed or at bridge and culvert cross sections, the 
installation of mobile flood damage mitigation elements like sand bags or others and 
evacuation of flooded buildings and rescue work considering valuables. Flood defence 
measures can be related to certain flood alarm stages at a river gauge which is explained 
in chapter 1.5.2. 

Some remarks about the determination of flood risk are written in chapter 1.5.3. 

 

1.5.1 Flood hazard or risk maps and management plans 

Disaster management is important to save lives and limit possible damages. A successful 
flood management requires the knowledge where damage could occur in case of flood 
and which measures are sufficient to prevent it. In addition rescue forces have to know 
where people live and which areas have to evacuate and to which places evacuated 
people could go. This information is often provided in flood risk maps and in emergency 
management plans.  
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Different CRUE projects consider this topic in detail. Project RISK MAP (Improving Flood 
Risk Maps as a Means to Forster Public Participation and Raising Flood Risk Awareness: 
Toward Flood Resilient Communities) focus about actual legal frameworks und current 
practice of risk mapping in four European countries in order to improve graphical design 
as well as information content of risk maps. Project IMRA (Integrative flood risk 
governance approach for improvement of risk awareness and increased public 
participation) includes in working step 3 the assessment of the performance of existing 
management systems in terms of attention paid to risk governance principles. Project FIM 
FRAME (= Flood Incident Management – A Framework for improvement) aims for 
assessing the effectiveness of flood management plans, also flood emergency plans and 
some guidelines how such plans can be improved. 

As written in EU Flood Directive (directive 2007/60/EC) the member states have to assess 
if all water courses and coast lines are at risk from flooding, to map the flood extent and 
assets and humans at risk in these areas and to take adequate and coordinated measures 
to reduce this flood risk. This Directive also reinforces the rights of the public to access 
this information and to have a say in the planning process. The Directive requires 
Member States to carry out a preliminary assessment by 2011 to identify the river basins 
and associated coastal areas at risk of flooding. For such zones they would then need to 
draw up flood risk maps by 2013 and establish flood risk management plans focused on 
prevention, protection and preparedness by 2015. 

Many European countries had established flood risk assessment before the EU flood 
directive. In Austria each province department, district commission and community has to 
develop a disaster protection management plan for its line in action (EWASE 2008).  

Table 1.3: Characteristics of flood maps (see also appendix 1) 

Type of map 
Source, responder, responsible 
entity Information content, definition, elaboration 

Flood event 
map 

Dam Authority of Saxony, 
Germany (LTV 2003), expert 
assistance: BWG, DEZA, WSL, 
LfUG, StUFA Radebeul, ARCADIS 
Freiberg 

Depiction of inundation and other flood 
connected hazardous processes of historical 
flood events, scale: 1:50000 until 1:10000 

Flood intensity 
map 

Dam Authority of Saxony, 
Germany (LTV 2003), expert 
assistance: BWG, DEZA, WSL, 
LfUG, StUFA Radebeul, ARCADIS 
Freiberg 

Depiction of inundation and other flood 
connected hazardous processes (extension and 
intensity) of a certain design flood event (e. g. 
100-year-flood), possible details: flow depth, 
flow velocity, flow direction), scale: 1:10000 until 
1:5000 

Flood hazard 
map 

Dam Authority of Saxony, 
Germany (LTV 2003), expert 
assistance: BWG, DEZA, WSL, 
LfUG, StUFA Radebeul, ARCADIS 
Freiberg 

Depiction of hazard depending on intensity and 
reoccurrence period, provides a basis for 
prioritisation of flood protection measures and 
for land use planning, scale: 1:10000 until 
1:5000, explanation of used colours: red (high 
hazard), blue (medium hazard), yellow (low 
hazard), yellow hatched (residual hazard), white 
(no hazard known), type of hazard (inundation, 
erosion, deposition) 

Flood risk map EU Flood directive Flood risk (= product of occurrence probability 
and con-sequences), summarise about all 
probabilities, consequences depend on land use 
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In Germany the responsible authority has to establish risk management plans considering 
areas at risk of flooding. This flood defence plan (Hochwasserabwehrplan) includes lists 
with institutions, private persons and companies which would like to receive warning 
messages if the river water level reaches a certain alarm stage. The guidelines for 
establishing flood protection concepts in Saxony published at the 18th of March 2003 
consider experiences in flood management from Switzerland. Inundation maps for all 
major rivers were elaborated between 2003 and 2008.  

The used terms for flood maps or flood risk maps are often not consistent within or 
between European countries. Although EU Flood directive try to establish standard terms 
many older expressions are in use until now. A study of different national and 
international publications was conducted and is summarised in Table A.1 until  

Table A.6 (see appendix 1). It shows that there are many different designations as well as 
different contents of flood maps. Although it is desirable there is by no means a 
consistent use of terms like flood hazard map or inundation map. Regarding the Saxon 
Guidelines and EU Flood Directive four different types of maps can be distinguished (see 
Table 1.3). The information content of all maps is based on each other and harmonised.  

Besides flood related data like inundation area, flow depth, flow velocity or river reaches 
with possible depositions or erosion it might be helpful to add information about land use 
as well as population density and to mark the locations of police stations, fire stations or 
other rescue units as well as hospitals and emergency accommodation to these maps. 

In Switzerland a tool called intervention plan was established (Romang et al. 2008). It is 
combined with an intervention map which shows affected areas as well as possible 
consequences and according measures. The intervention map is based on a hazard map. 
According to intensity and reoccurrence period of a hazardous process (flood event, snow 
or landslides or other) different areas are marked in red (high hazard), blue (medium 
hazard) and yellow (low hazard) in that kind of map.  

The intervention map focuses on intensities e. g. velocities and inundation height and has 
a compact and simple design. The A4-sized sheets contain a map on one and a textual 
description on the other side. The meaning of the three colours red, blue and yellow (see 
above) can be described as follows:  

- The colour red is assigned to areas where it is dangerous to live during a 
hazardous event. Needed measures (such as evacuation) have to take 
place in advance. Measures during an event are only possible if the safety 
of fire brigade staff and others is assured by accompanying measures such 
as establishing of escape routes and the benefit of a rescue action is worth 
the effort and risk. 

- In case of flood special precautions are required in blue areas. Action 
forces and inhabitants should be aware of the hazard and should behave 
properly. Distribution of information to the affected people and continuing 
education of fire brigade staff and others might help to increase the 
awareness. Rescue actions and flood damage mitigation measures are 
possible while taking all reasonable precautions. 
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- The yellow area is more or less qualified for mitigation measures as the 
blue area. But as in general the hazard is lower in the yellow area water 
draining and other measures are more appropriate there. 

 

Figure 1.24: Intervention map of Landquart, Klosters, Switzerland (Romang et al. 2008). 

The maps contain mitigations measures including prioritisation as well as special objects 
like schools, homes for elderly people or industrial plants. The text includes information 
about needed material, important telephone numbers, decision rules and additional 
information which are required in complex situations.  

An intervention map can contain information regarding different flood stages. This is 
important if mitigation measures differ significantly between different flood stages. In the 
example shown in Figure 1.24 it is considered that during the beginning of the flood 
actions near the river are possible but with increasing water level fire brigades have to 
leave this area. Flood management includes observation at the beginning of the flood 
followed by flood damage mitigation measures like installation of mobile protection 
elements.  

In addition many European countries have established different computer aided 
platforms and tools in disaster management during the last decades. Starting in wider 
river catchment areas like river Rhine in Germany science and administration try to meet 
the needs of smaller river catchments in the last ten years. 

A tool in disaster management is the decision support system DISMA (TÜV Rheinland) 
which is widely used in Germany and can provide information about people at risk due to 
accidents in chemical industry, in case of flood or other (see Figure 1.25). The interactive 
data supply system can be used by fire brigade or fire defence agencies to get information 
about the number of people living in the affected (in case of flood: inundated) area 
including number of children and the number of elderly people (> 70 years) as well as 
kind and location of objects worth protecting. Data base includes possible inundation 
area of a 20, 50, 100 and 200-year-flood and necessary flood damage mitigation 
measures (e. g. temporarily structural measures). 
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Another tool was established in Switzerland. A pilot study tried to adapted the already 
established system IFKIS (warning against snow slides) as IFKIS-Hydro for flood warning 
and management (Romang et al. 2008). This system is used in combination with the 
intervention maps mentioned above. 

 

Figure 1.25: Decision support system DISMA (disaster management), TÜV Rheinland, Germany. 

It is noticeable that flood maps and management plans are only as good as the hydraulic-
numerical calculations or analysis of historical events they are based on. If we have not 
calculated an extreme event or if in a certain catchment area a big flood event is long ago 
we could not be certain what we have to do in case of extreme flood event even there are 
maps and plans for smaller events. 

 

1.5.2 River alarm stages and flood defence actions 

As described in chapter 1.3.2 it is useful to establish certain water levels as river alarm 
stages at river gauges to define the degree of flooding or to couple required flood 
defence measures. As an example the alarm stages and the associated flooding scenarios 
defined by law in Saxony, Germany (HWNAV 2004) should be described. The following 
actions are related to the alarm stages in Figure 1.26 (VwV HWMO 2004): 

- Alarm stage 1 (information): flood information service (Hochwasser-
informationsdienst) starts, permanent analysis of meteorological and 
hydrological data, classification of flood situation and its development, 
check of information dissemination paths, check of technical and 
operational readiness considering flood defence.  

- Alarm stage 2 (inspection): (actions in addition to alarm stage 1) 
dissemination of information about flood hazards on basis of periodically 
inspection of rivers or other water bodies, flood protection structures, 
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buildings at risk of flooding and in flood plains several times a day, first 
measures in flood defence like removing blockage in river, bridge and 
culvert cross sections, alert responsible action forces, check of readiness 
for work of responsible entities in the flood information and warning 
dissemination chain 

- Alarm stage 3 (guarding): (actions in addition to alarm stage 1 and 2) 
preparation of active flood defence, precautionary flood protection 
measures at dangerous spots, remove hazard and fight damage 

- Alarm stage 4 (flood defence)): (actions in addition to alarm stage 1, 2 and 
3) active flood defence to minimize danger to life, health, important 
cultural heritage and in supply with vital goods, fight damage 

Alarm Stage 4

(flood defense)

flooding of larger built-up areas with very 

high damage to property and imminent 

danger to human and animal life

Alarm Stage 3

(guarding)

flooding of parts of connected built-up 

zones, trunk roads and railway lines

Alarm Stage 2

(inspection)

flooding of agricultural and forest lands 

and isolated buildings; slight traffic 

disruption on roads; closure of individual 

roads required

Alarm Stage 1

(information)

bank-full stage; first overflows

Alarm Stage 4

(flood defense)

flooding of larger built-up areas with very 

high damage to property and imminent 

danger to human and animal life

Alarm Stage 3

(guarding)

flooding of parts of connected built-up 

zones, trunk roads and railway lines

Alarm Stage 2

(inspection)

flooding of agricultural and forest lands 

and isolated buildings; slight traffic 

disruption on roads; closure of individual 

roads required

Alarm Stage 1

(information)

bank-full stage; first overflows

 

Figure 1.26: Description of flow situation and related alarm stages at flood warning gauges in Saxony, 
Germany (LfUG 2005). 

The definition of such alarm levels is very useful for rivers with wide river catchment 
areas. But in case of small catchment areas the extreme flood event in 2002 in 
Saxony/Germany had shown some difficulties in implementation the required action. In 
small catchment areas time between the water level rises from one alarm level to the 
next is very short, most of actions are required at once and not only these which are 
defined for the actual alarm stage. In 2002 all rescue forces were in action long before a 
red alarm was sounded (Kirchbach et al. 2002). 

Therefore it might be appropriate to define only one or two alarm stages at rivers with 
small catchment areas and the risk of flash floods. In addition alarm stages should be 
connected with rainfall forecast or rainfall measurement data. Such as in “Parc Fluvial del 
Besos” near Barcelona (Spain) where the warning protocol starts if one of the following 
criteria is satisfied (EWASE 2008): 

- the rainfall monitoring system measures a rainfall accumulation above 
critical threshold 

- the estimated cumulated precipitation based on the radar data confirms an 
actual or now-casted exceedance of a critical threshold 

- the civil services informs about an imminent risk period 

- the hydrological model forecasts flooding in the fluvial park 
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In case of emergency it is essential to take quick and adequate actions. Often fire brigades 
are responsible for disaster management as well as flood management in order to 
achieve synergies, to improve locally organized responsibility and to use their knowledge 
about local hot spots. When fire brigades have prior responsibility in flood protection 
their stuff should be alerted simultaneously with communities. In several municipalities in 
Europe they are also responsible for warning dissemination to the inhabitants.  

In case of flood fire brigades usually conduct the following measures: 

- inspection on rivers, dikes, dams, retention basins and bridges 

- removing blockage in river bed or at bridge and culvert cross sections 

- installation of mobile flood damage mitigation elements like sand bags or 
others (see Figure 1.27) 

- evacuation of urban areas and salvage of valuables (e. g. from churches) 

 

Figure 1.27: Examples of mobile elements of flood protection (stop log at a window, big.bags (both 

www.silberbauer.cc), sand bags at Kempinski Hotel in Dresden, Germany). 

 

Figure 1.28: Examples of mobile elements for flood protection (holder for wooden log (red) at a door in 
Benaguasil, Spain, sand bags in Graz, Austria during the 2009 flood event). 

Private persons and business companies are requested to take action to mitigate flood 
damage to their property. They use mobile flood protection elements like stop logs, 
wooden logs and sand bags (see Figure 1.28) or put their valuable belongings or electrical 
devices on a higher level. In the SUFRI case study area Arenys de Munt, Spain inhabitants 
prevent their cars from floating away by chaining them to an avenue tree.  

Today mobile elements become more important because there are limits for structural 
measures like technical, financial or ecological limits. In addition the approach to control 
and reduce potential flood damage due to regional planning takes significant effect only 

http://www.silberbauer.cc/
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after a long period. But mobile elements need a certain forecast lead time for erection 
and a constant effort in employee training and control of operational readiness. 

As a summary it can be stated that: 

- flood management plans together with decision support systems and 
appropriate maps provides information to take quick and adequate 
measures in case of flood 

- management plans and flood maps should contain information about often 
as well as seldom and extreme flood events to cover all possibilities 

- fire brigades should have prior responsibility in flood protection 

- personnel measures of inhabitants and company stuff considering their 
private and business property are important in flood mitigation 

 

1.5.3 Determination of flood risk 

To create flood risk maps out of inundation maps the estimation of possible flood 
damages considering flood events with different reoccurrence periods is necessary. Flood 
damage depends mostly on land use, population density and degree of flooding. 

 

Figure 1.29: NaDiNe-Website: results of damage estimation with different models for private households 
(FLEMOps). 
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A very complex and time consuming task is to collect data about costs per building and 
household and the kind of properties within potential flood plains and to estimate the 
degree of damage considering a certain flood level. Stage-damage-curves are helpful but 
only valid in that area where the data were collected they are based on. They cannot be 
generalised for whole Europe and even on a national scale obtained values are uncertain. 

In Germany a Natural Disasters Networking Platform (NaDiNe) was established 
(nadine.helmholtz-eos.de) during the RIMAX research program (2005-2009). This 
platform includes a model to calculated flood damage on the scale of municipalities (see 
Figure 1.29). The model is called “FLEMOps” which stands for “Flood Loss Estimation 
Model for the private sector”. Input data are the extension of the flooded area together 
with water level information as GIS data. Output data are amount of possible damage for 
private households obtained with different calculation models and damage functions. 

The internet platform NaDiNe provides in addition a model for possible damage in 
business and industry (FLEMOcs – Flood Loss Estimation Model for the commercial 
sector). 

Information about flood damage is necessary to determine the flood risk and conduct 
cost-benefit-analysis for structural flood defence measures. From a case study conducted 
using data from a flood event of the river Mulde in the town of Eilenburg, Germany (Apel 
et al. 2009) it can be concluded that a combination of a flood plain calculation by means 
of a 1D/2D-model (LISFLOOD-FP) and an damage estimation by a meso-scale model 
(FLEMO+) seems to be the best compromise between data requirements, simulation 
effort and accuracy. 

 

1.6 Costs of an Early Warning System 

It is a complex task to estimate the real costs of a flood warning system. Administration is 
only besides others responsible for flood warning. Weather and water level data were 
collected by other institutions and often provided under special conditions. And even fire 
brigades, as the name indicates have more tasks than flood damage mitigation. 

Table 1.4: Cost for the software system of an early warning system, as percentage of total software system 
cost and as cost for a 1,000 km² river basin (EWASE 2008). 

item share [%] cost [EUR] 

data base 3 6,146 
meteorological forecast model 
hydrological forecast model 

34 67,602 

hydraulic model on existing data 
economic model 

23 46,430 

interfaces 2 3,780 

control and visualisation 4 8,758 

hardware upgrade 12 23,968 

start of operation 15 29,960 

project management and controlling 6 12,967 

TOTAL 100 199,609 
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The CRUE project EWASE (EWASE 2008) has tried to estimate the cost of an early warning 
system. Two case studies were considered. The cost of radar data, personnel, structures 
(river gauges) and software were estimated and added. 

Considering larger river basins software costs is much lower. EWASE recommends the 
following formula to determine cost reduction for larger river basins: 

cost reduction [%] = 8 ∙ 10-9 ∙ AE2 – 0.00016 ∙ AE + 1.1574 (1.3) 

with AE = basin size [km²]. Nevertheless in case of small catchments up to 1,000 km² no 
reduction is recommended. 

The total system cost for an early warning system in a 1,000 km² river basin amounts at a 
present value of 81.64 million EURO for an operation time of 20 years at a bank rate of 
3 %. The annuity is 2.58 million EURO, corresponding to the annuity for a 54 km stretch 
river dike (EWASE 2008). 

Table 1.5: Cost of an early warning system, present value per km² in EURO (EWASE 2008). 

item operation investment reinvestment 

input data 338   

personnel for EWS operation 1,570   

structures gauges 
 data transmission 

 180 
45 

101 

software system cost  200 90 

subtotals 2,290 425 191 

total PV (20 a, 3 %) 2,905   
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2 APPLIED WARNING SYSTEMS IN DIFFERENT COUNTRIES 

2.1 Examples in Europe 

Weather information and/or warning against heavy rainfall together with more general 
information about impending flood events are often provided by national or regional 
weather services via World Wide Web in all European countries. The concerned public 
can get information about forecasted or on-going flood events via TV (teletext) or the 
Internet. Screenshots from the internet show such webpage for Styria, Austria (Figure 
2.1), Czechia (Figure 2.3), France (Figure 2.4) and UK (Figure 2.5). But these web pages 
cover generally only large or medium size catchment areas. 

By means of a map of a region different levels of risk or flood are usually marked with 
different colors. In general the color red is assigned to the highest level of danger or risk. 
Green indicates a low risk level or no risk. An evaluation of information required by 
municipalities during the flood event at the Neiße River in Germany 2010 has shown that 
only a qualitative description of risk by means of colors was insufficient. Administration 
stuff like to know quantitative date like exact water level in metres. 

 

Figure 2.1: Water level and river discharge data in Styria (Austria) on 
http://app.hydrographie.steiermark.at/bilder/Internet_online/Index_pub.htm. 

For each region in Austria an alarm centre (e. g. Warning Alarm Centre of Lower Austria 
LWZ) exists which decides with predefined warning levels if an alert is necessary. 
Warnings were disseminate from the alarm centre to the regional authorities 
(Bezirkshauptmannschaften) which are in charge to arrange a team of regional controllers 
(Einsatzleitung). The team consists of the head of the region (Bezirkshauptmann) and 
members of the blue light organisation. Communities and local blue light organisations 
get informed and stay in continuous contact to the operation controllers. Inhabitants are 
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alerted by megaphones and sirens from local fire brigade or municipalities (as example 
sees Figure 2.2, EWASE 2008). 

 

Figure 2.2: Early warning system in the Traisin Basin as example for Austrian warning systems: time scheme 
with actors (EWASE 2008). 

 

 

Figure 2.3: Flood forecasting and warning system in Czechia (left) and homepage of the national 
meteorological service CHMI (http://old.chmi.cz/katastrofy/warnsys.html). 

An example for a warning system including information dissemination to affected people 
is the system in “Parc Fluvial del Besos” near Barcelona, Spain which includes acoustic and 
light signals and information boards (EWASE 2008). 
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Figure 2.4: Flood information in France (http://www.vigicrues.ecologie.gouv.fr/). 

 

Figure 2.5: Flood risk forecast in Great Britain (http://www.environment-
agency.gov.uk/homeandleisure/floods/125305.aspx). 

http://www.vigicrues.ecologie.gouv.fr/
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Besides the river Elbe the city of Hamburg, Germany is also responsible for flood 
management at its confluence with smaller catchment areas between 6 und 285 km² 
(LSBG 2009). Since 2005 the information and warning system is organised as seen in 
Figure 2.6and got its input data from the fire service information system 
(Feuerwehrinformationsdienst FeWIS) of the German Weather Forecast (DWD). The 
system considers current measurement data at several river gauges in addition. The 
responsible authority LSBG (Landesbetrieb Straßen, Brücken und Gewässer der 
Hansestadt Hamburg) collects all data and classifies the situation. If a flood event is 
possible flood warning messages reach the subordinal authorities (Bezirksämter) and fire 
brigade. The latter is responsible for river inspection. If necessary fire brigade clears river 
bed or bridge cross section from blocking material. The planning of current action 
considers analysis results from previous flood defence activities. The actual task is to 
establish an automatic warning system without human interference in warning message 
dissemination. The aim is to validate measured and calculated values, create and 
disseminate flood warning automatically via email, text and voice messages or fax. 

German Weather Forecast 

(DWD) 

weather data including severe 

weather warning, radar data 

(FeWIS), soil moisture

Landesbetrieb Straßen, Brücke und Gewässer (LSBG)

Information consolidation, situation classification,

Dissemination of warning messages

Disaster organisation

(fire brigades, police)

preventive flood 

protection measures

Water authorities

preventive flood 

protection measures

Operational flood defence

input data 

Data collection by experts 

via internet and telephone, 

risk assessment

warning dissemination and 

declaration of alarm via email

flood protection measures, 

joint planning of action,

determination of 

Responsibilities considering 

river reaches at risk 

of flooding

(Gewässerkundlicher

Messdienst)

Water level data

 

Figure 2.6: Information and warning system in Hamburg, Germany (LSBG 2009). 

 

2.2 SUFRI case studies 

Four case study areas with nine brooks and rivers were analysed during the SUFRI 
research project. The following tables (Table 2.1 until Table 2.6) give an overview of the 
case study areas and their established flood warning system. The focus lies in small river 
catchment areas in urban areas (see Table 2.1). The case study areas are located in 
Austria, Spain and Germany. 
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Table 2.1: Overview SUFRI case studies: catchment area. 

 

Benaguasil (UPV-S) Arenys de 
Mar (UPC) 

Graz (TUG) Dresden 
(TUD) 

river four intermittent brooks 
in Benaguasil*  

Arenys Andritzbach and 
Gabriachbach and 
Schöckelbach 

Weißeritz 

catchment area 0.25 km² / 0.33 km² / 0.89 
km² / 0.39 km² 

16 km² 18 km²/ 2,7 km²/ 34 
km² 

385 km² 

river length 1.18 km / 1.36 km / 2.08 
km / 1.16 km 

11 km 8,5 km/ 3,5 km/ 8,4 
km 

67 km**   

difference between 
maximum and minimum 
terrain level in the 
catchment area 

147 m 763 m 683 m 802 m 

* there are two case studies of UPV-S, one considering the flood warning in work package (WP) 2 and the 
other regarding residual risk and vulnerability analysis in work pack-age 3; descriptions in this table refer 
only to the case study WP 2 
** total lenghts of river Wilde Weißeritz plus Vereinigte Weißeritz 

 

All case study areas have suffered from severe flooding in the last decade (see Table 
2.2). The flood forecast lead time is short between half an hour and three hours.  

Table 2.2: Overview SUFRI case studies: last important flood event. 

 

Benaguasil 
(UPV-S) 

Arenys de 
Mar (UPC) 

Graz (TUG) Dresden (TUD) 

year 2009 2002 2009 2002 

damages  1.5 million 
(not 
verified) 

80 million EUR for whole Styria 
for different flood events 
between May and September 
2009 

340 million EUR 

flood forecast lead time 
or time of concentration 

between 41 
and 63 
minutes 

35 minutes Due to structural measure-
ments the rule of thumb to 
estimate lead time used by the 
professional fire brigade for 
the Schöckelbach is not correct 
anymore. There is no 
information about the lead 
time for the 3 streams. 

wave propa-
gation time 
between Freital 
(flood gauge 
Hainsberg 6) and 
Dresden: 3.5 
hours 

Weather forecast is available in all case study areas by means of national weather 
services. Since 1980s weather warning in Graz, Austria was maintained by a skilled 
weather observer, who interprets arriving thunderstorms as well as the weather radar 
data at the Reicherhöhe, where she lives and provides warning messages to the fire 
brigades in Graz. But this observer is retired now. 

Few river gauges are available or newly installed. Newly installed gauges are still in 
validation and calibration e.g. at river Schöckelbach and at the flood retention basin 
Gabriachbach, Austria. Of cause there are no river gauges at the intermittent brooks in 
Benaguasil and Arenys de Munt, both in Spain. 

Rainfall-runoff models are not in operation for the considered case study areas. A rainfall-
runoff estimation of the brooks in the urban area of Benaguasil was realised within the 
SUFRI project. Some new results considering the rivers in Graz, Austria are expected from 
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the actual research project AWAS-net which deals with similar catchment areas about 
25 km far from Graz. 

Table 2.3: Overview SUFRI case studies: data collection. 

 

Benaguasil (UPV-S) Arenys de Mar (UPC) Graz (TUG) Dresden (TUD) 

weather 
forecast 

weather forecast 
by institutions of 
central 
government (State 
Agency of 
Meteorology) and 
regional 
organizations 

rainfall forecast on 
basis of actual radar 
data using TREC 
algorithm (in 
operation but not 
implemented in the 
warning system until 
now) and a 
Meteorological model 
(Ensemble Method) 

Central Institute for 
Meteorology and 
Geodynamics (high 
resolution weather 
forecast model), 
forecast time: 6 
hours; warnings 
against intense 
rainfall and 
thunderstorms for 
districts of Styria 

German Weather 
Service (DWD), 
COSMO-DE model, 
estimation about the 
future precipitation 
with occurrence 
probability of 10%, 
50 % and 90 % for the 
whole area of several 
left tributaries of river 
Elbe, forecast time 
between 2 and 48 
hours 

measurement 
of 
precipitation 

network of rainfall 
gauges = 
Automatic 
Hydrological 
Information 
System (SAIH) by 
Jucar River 
Authority (two 
rainfall gauges); 
rainfall gauge at 
the city hall, 
operated by INM 

three weather radar 
stations operated by 
Meteorological 
Service of Catalonia; 
to correct radar data 
measurement data 
from network of rain 
gauges (SAIH) 
operated by ACA is 
used; three rainfall 
gauges in region of 
Maresme operated by 
INM 

weather radar 
operated by Austro 
Control (aviation 
weather service) 
and Styrian Hail 
Suppression, 13 
rainfall gauges 
within the urban 
area of Graz 

network of rainfall 
gauges maintained by 
German Weather 
Service (DWD) 

measurement 
of river 
discharge 

no river gauges  no river gauges, no 
discharge information 

newly installed 
gauge at the small 
brooks in Graz 

flood warning 
messages refer to the 
river gauge in Freital 

rainfall-
runoff-model 

no rainfall-runoff-
model for flood 
forecast 

distributed 
hydrological model 
(DichiTop*)  

no rainfall-runoff-
model 

no rainfall-runoff-
model due to 
inaccuracy of model 
results 

flood forecast 
model 

analysis of rainfall 
data at SAIH 

see rainfall-runoff-
model 

no flood forecast 
model 

flood forecast by 
experts of Saxon Flood 
Centre considering 
precipitation forecast 
and actual river 
discharge 

results from 
forecast     
models 

non probability that a 
rainfall event causes 
flooding: little (0 – 
30 %), probable (30 – 
70 %) or very probable 
(70 – 100 %) 

non estimation if a certain 
flood level can be 
reached in the near 
future 

*The DichiTop model in Arenys de Mar is a combination of SCS loss transformation method in urban areas 
and ToPmodel in rural and forested areas.  
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Table 2.4: Overview SUFRI case studies: Historical and today warning system. 

 

Benaguasil 
(UPV-S) 

Arenys de Mar (UPC) Graz (TUG) Dresden (TUD) 

first 
installation 

no warning 
system 

warning against floods 
by means of a bell at 
the municipal market 
between the 1950s and 
the 1990s 

weather warning: since 
1980s, flood warning 
system: after 2005 

probably in the 
1910s; installation 
of sirens for flood 
and disaster warning 
began in 2006 

historical 
information 
distribution 

--- information run from 
Arenys de Munt to 
Arenys de Mar via 
phone, bell in the 
marketplace of Arenys 
de Mar 

--- telephone calls from 
upstream 
communities 

warning 
message 
distribution to 
communities 
(today) 

weather 
warning from 
State Agency 
of 
Meteorology 
(via television 
or radio) 

automatically 
distribution to 
municipalities (city hall), 
more than 300 alerts 
per annum (different 
natural and human 
hazards), distribution 
from guard room of 
CECAT by fax and 
recently by SMS and 
Email 

weather warning from 
ZAMG to LWZ (written 
form) and from them to 
responsible and affected 
entities (e.g. communities 
and fire brigades) by 
email and text messages  
Also weather warning 
from the Central Institute 
for Meteorology and 
Geodynamic directly to 
the professional fire 
brigade 

flood warning 
messages from 
Saxon Flood Centre 
to communities by 
means of fax and 
text messages, 
receiving of 
message has to be 
confirmed 

warning 
message 
distribution to 
inhabitants 
(today) 

weather data 
available via 
TV, radio or 
internet* 

in case of extreme 
flood: warning 
messages from the 
Municipality; other 
information available 
via TV, radio or internet 
(e.g. web pages of ACA 
and Meteocat) 

alarm stage 1 and 2: text 
messages from 
professional fire brigades 
of Graz to registered 
people (1st and 2nd 
level), alarm stage 3: 
warnings via megaphones 
in addition to media (TV, 
radio, internet), Private 
companies, e.g. 
insurances provide 
additional warning 
messages for a special 
group of people 

text messages from 
Agency of Fire and 
Disaster Control 
Dresden to third 
parties including 
private persons; 
sirens; information 
via TV, radio, 
internet 

alert of police, 
fire brigades 
and other 
rescue forces 

? simultaneously with 
communities 

simultaneously with 
communities 

simultaneously with 
communities by 
means of fax and 
text messages from 
Saxon Flood Centre 

* http://www. benaguasil.com/ cas/inici.php 

 

Flood warning at river Weißeritz in Dresden, Germany depends on water level 
measurement at flood information gauge Hainsberg 6 in Freital which is situated about 
10 km upstream. In addition rainfall forecast information from the German Weather 
Forecast (DWD) is considered by means of expert knowledge in the Saxon Flood Centre to 
estimate the future river discharge and the possible maximum flood level. Flood 
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propagation time between Freital and Dresden city is about 3 hours. The data about 
actual water level and discharge is available to the public within the World Wide Web 
(see Figure 2.7).  

 

Figure 2.7: Presentation of the measurement data at a German flood information gauge (Hainsberg 6, water 
level = Wasserstand and discharge = Durchfluss) between the 20th and the 26th of July 2010, because the 
river gauge was newly installed recently no stage-discharge-function and no discharge data are available 

(homepage of the Saxon Flood Centre: www.hochwasserzentrum.sachsen.de). 

During the last years especially after the extreme flood event in august 2002 in Saxony 
there were many research projects dealing with rainfall-run up-models in smaller 
catchment areas. The Weißeritz catchment area was considered too. But a just-in-time 
flood forecast was not possible with sufficient accuracy regarding time to peak and peak 
discharge. So the Saxon Flood Centre decided to refrain from establishing a forecast 
model for the Weißeritz catchment area. 

Available data about historical and today flood warning systemes are summarised in 
Table 2.4. An exceptional device was used for releasing flood alerts in Arenys de Mar, 
Spain. A bell at the municipal market, which was installed in 1930s to warn against 
bombing raids, was used from the 1950s to the 1990s as a warning system against floods.  

There are different kinds of structural measures in order to mitigate flood damage in all 
case study areas. Inhabitants have uses mobile wooden barriers to prevent their houses 
from flooding in Benaguasil, Spain and Arenys de Mar, Spain or sand bags like in Graz, 
Austria and Dresden, Germany. But also retention basins and dams were constructed to 
reduce flood peaks. 
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Table 2.5: Overview SUFRI case studies: Flood protection measures. 

case study Benaguasil (UPV-S) Arenys de Mar (UPC) Graz (TUG) Dresden (TUD) 

structural, 
permanent 

inlets into sewage 
system to drain 
streets, retention 
basin (in planning) 

demarcation and 
first urban planning; 
movement of Saulo 
(typical sand of 
Arenys basin), 
construction of first 
sewage system; final 
conformation and 
channelling 
(encroaching) of 
Arenys river start at 
1860 and was 
finished in 2010, 
construction of a 
flood retention area 
in 2010. 

four flood retention 
basins (two in the 
catchment basin of 
Gabriachbach were 
already built, two 
more will be built in 
the catchment of the 
Schöckelbach until 
end of 2012); 
Schöckelbach: River 
bed widening, linear 
measurement; 2 
detention basins 
planned; Program 
“Streams of Graz”, 
which includes 
structural 
measurements for 
most of the streams in 
Graz, also for those in 
the case study area 
from 2006 - 2015 

Malter dam (1908-
1913), Klingenberg 
dam (1908-1914), 
Lehnmühle dam 
(1926-1931), 
Altenberg dam 
(1988-1992); 
creation of a new 
river bed in Dresden 
in 1893, river 
widening and 
deepening of river 
bed, heightening of 
river bank walls, 
construction of new 
bridges with wider 
open cross section 
(mainly after 2002) 

structural, 
mobile 

barriers and other 
elements used by 
inhabitants to avoid 
flooding in the 
ground floor  

barriers used by 
inhabitants to 
protect their 
households and 
chains used to tied 
cars at trees and 
prevent them from 
floating away 

inhabitants: sand bags 
and to some extent 
barriers and other 
elements to protect 
their households; 
professional and 
auxiliary fire brigade: 
sand bags, big-bag-
system to heighten 
river banks, tubing 
systems 

big-bag-system to 
heighten river banks 
and prevent flooding 
of railways and main 
station 

non structural city is not included 
in flooding maps and 
emergency action 
plan (flood risk due 
to pluvial flooding is 
more relevant than 
river flooding) 

flood plan of 
Catalonia (2002): 
identify flood prone 
areas, design of 
guidelines in case of 
emergency, 
responsible entities, 
functions, re-
sponsibilities of 
action forces 
annual 
modifications 

flood maps, risk 
communication with: 
flyer, website, open 
councils, open 
discussions, 
information events; 
SMS-information, land 
developing plan 

flood maps, warning 
system, emergency 
action plan 

 

An evaluation of the benefit of existing early warning systems in the SUFRI case study 
areas is still not possible. Only general estimations of quantitative economic benefit by 
means of the possible amount of damage are available (Table 2.6). 
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Table 2.6: Overview SUFRI case studies: economic benefit. 

case study Benaguasil (UPV-S) Arenys de Mar (UPC) Graz (TUG) Dresden (TUD) 

qualitative 
economic 
benefit 

Damage reduction 
by private measures 
is obvious but not 
accountable 

Possible economic loss 
differs during the course of 
the year because tourist 
industry has their prime 
time between June and 
September 

--- --- 

quantitative 
economic 
benefit 

--- potential damage (industry) 
T = 50 y: 16.52 million EUR 
T = 100 y: 28.23 million EUR 
T = 500 y: 63.81 million EUR 

--- Potential damage (only 
private households) 
FLEMOps/MEDIS 
Q = 400 m³/s: 68.92 
million EUR 
Q = 600 m³/s: 98.80 
million EUR 
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3 EXPERIENCES, EXAMPLES OF USE 

A warning system provides the information about flood arrival and peak water level 
necessary for flood damage mitigation and rescue measures by fire brigades, private 
persons and companies. There are many warning systems in operation but only few are 
applied on small and urban catchment areas. 

The review of warning systems and documentation of operation experiences is often 
triggered by extreme flood events. Two examples are the reports after the extreme flood 
event in Saxony in 2002 (Kirchbach 2002) and the flood at the Neiße River in 2010 
(Jeschke et al. 2010). These reports were initiated by the federal states government and 
tried to evaluate the flood management actions and warning message distribution during 
the flood event in more than one community and more than one river catchment. Major 
improvement within the flood warning system were established for instance after the 2002 
flood event. 

Experiences with floods which occurred only in a small catchment area and perhaps 
affected only one community might be evaluate too but this process is often internal and 
reports are often not published. 

Table 3.1: Overview SUFRI case studies: Expierences with the today warning system. 

 

Benaguasil 
(UPV-S) 

Arenys de Mar (UPC) Graz (TUG) Dresden (TUD) 

improvements --- continuously continuously major improve-
ments in 2002/ 
2003, after than 
continuously 

experiences/ 
problems 

--- system does not satisfy 
the needs of the 
entities due to false 
alarm 

system does not satisfy 
the needs of the 
population due to false 
alarm 

decreasing confi-
dence in the system 
due to false alarm 

 

Automatic warning systems considering rockslides or landslides are in operation lately but 
operational experiences are still not available.  

False alert are a serious problem in flood warning systems. The confidence of the 
inhabitants might decrease and future flood alerts might not take as serious as needed. All 
three alarm systems in the SUFRI case study areas Arenys de Mar, Spain, Graz, Austria 
and Dresden, Germany confirm this problem (see Table 3.1). The SUFRI case study 
areas are described in detail in chapter 2.2. 

As intended by EU Flood directive and due to the great number of flood events all over in 
Europe the improvement process regarding flood warnings systems has become more 
continuous in the last two decades and should go on. 
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4 PROBLEMS AND REQUIREMENTS 

Flood warning systems for small catchment areas in urban areas have to deal with 

- uncertain information about upcoming extreme rainfall events 

- short forecast lead times 

- multiple damage inducing processes 

- uncertain information about on-going flood events 

- many concerned but not necessarily affected people 

The prediction of rainfall in small catchment areas is not exact today. Small catchment 
areas are often prone against convective rainfall events which are smaller than spatial 
resolution of today operational national weather models. Measurement data of rainfall 
are only local (weather stations) or only qualitative (radar data). Transformation in 
quantitative areal data needs time and errors can occur.  

Flood forecast models including rainfall-runoff-calculation are more common in middle 
and large catchment areas due to inaccuracy of calculation results. Rainfall-runoff-models 
for small catchment areas are still a topic of scientific projects.  

A general problem of these empirical models is to calibrate the parameter set which is 
necessary to convert the rainfall volume into the runoff volume. It was often observed 
that a calibrated parameter set for smaller flood events does not cover extreme flood 
events and vice versa. Therefor we need different parameter sets which have to be 
applied automatically regarding actual input data like rainfall intensity.  

The numerical method of ensemble forecasting is in discussion regarding uncertain input 
data but this method does not solve the problem it only transports the uncertainty to the 
entities responsible in flood management. Responsible stuff needs a preparatory training 
to understand the meaning of the calculation results. 

A flood forecast with a longer forecast lead time is very uncertain and following measures 
may be inappropriate whereas a more certain flood forecast can only be provided a very 
short time or eventually too short time span before the flood will arrive and it might be 
too late for rescue actions or evacuations. 

Because reliable information about upcoming flood events in small catchment areas is 
available, not until the flood is almost coming it is very important to have than a very fast 
warning message distribution. Short warning dissemination chains are important for quick 
warning and give the inhabitants the vital time needed for their own flood protection 
measures or rescue actions. All entities which are responsible in flood management have 
to be informed at the same time to reduce a loss of time due to a long information path. 

Historical flood events have shown that it is very difficult to take proper measures if there 
is information about an impending flood from different entities responsible for flood 
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forecast at different administrative levels. Warning messages may differ and a mayor or 
the inhabitants do not know which information is correct. 

Automatic warning message dissemination is not common in flood warning systems. The 
warning chain is often discontinuous in order to check the measurement results of river 
discharge gauges or to validate the results of flood-forecast-models. Automatic flood 
warning systems are today research topics or in planning stage. Here linking between the 
forecasted rainfall and the flood induced damage is very complex.  

Beside a river bed flood water can travel along many different paths in an urban area like 
streets, the sewer system or railroads. Furthermore different areas like housing areas, 
industrial areas, parks or recreational areas may be affected. Hazards and damages could 
be caused by flooding, accumulation of debris, erosion or landslides. In industrial zones 
flooding or other processes may cause subsequent accidents and disasters combined with 
emission of toxic substances into the air or water. In these cases a special network of 
sensors could help to monitor the toxics. A complete overview of all processes together 
with an analysis of different flood scenarios can improve flood management plans.  

The analysis of historical flood events have shown that the inhabitants often felt a lack of 
knowledge what was going on and what had they to do. The responsible entities have to 
analyse the message distribution paths focussing on message reception. Many problems 
can occur during a flood event preventing the reception of warning messages - power 
supply may fail, mobile networks may be overloaded or there is no radio or TV available. 
And of course Information about the actual situation (e.g. water level information) has to 
be available for the affected as well as for the concerned inhabitants.  

Information in flood warning messages and in public information platforms or flood maps 
is often not consistent. Questions and problems of understanding may occur when the 
inhabitants or fire brigades get information about a certain alarm stage which will be 
reached at a river gauge and the look at the corresponding flood map shows only flood 
plains considering flood events with certain reoccurrence periods (10-years-flood, 100-
years-flood). 
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5 CONCLUSION – RECOMMENDATION 

Comparative studies showed that a flood warning system is one of non-structural 
measures with best cost-benefit-ratio. But in small catchment areas forecast lead time is 
very short and appropriate actions in case of emergency are difficult. That’s why 
structural measures are necessary too.  

Accuracy of weather forecast was improved over the last decades but there are still 
problems regarding small catchment areas and convective events. Better models, higher 
spatial resolution and faster computers will provide improvements in the next years as 
well but it is a slow and long process. Rainfall-runoff-models for small catchment areas 
are still a topic of scientific projects. Flood forecast in small catchment areas should 
consider simpler black box models to deal with uncertain rainfall prediction and short 
forecast lead time. Rainfall data in small catchment areas with no or too few rainfall 
gauges can be improved by installation of additional rainfall gauges. 

We can learn from automatic warning systems in case of accidents and disasters involving 
hazardous material or considering rockslides or landslides that an automatic warning 
system in small (catchment) areas should be highly equipped with different types of 
sensors to obtain valid data and to provide the opportunity to check released warning 
messages. In addition local observers and redundant observation and/or measurement 
systems can help to compensate for the general lack of knowledge. Self-learning systems 
and an operation test phase are important because the system has to “learn” which 
situation would create a hazard.  

It is also recommended to install additional river gauges at smaller rivers to get better 
discharge data. Flood warning gauges should be flood resilient that they can withstand 
and measure extreme flood events too. It has to be assured that all data transmission to 
and from the flood centre is redundant. 

Considering all these aspects of weather and flood forecast in small catchment areas early 
warning systems today can benefit more by establishing short communication and 
information paths and a tailor-made set of rescue actions and measures. 

The communication system has to assure that all affected inhabitants can receive and 
understand a warning message as well as that the concerned inhabitants can get 
information about the actual situation. 

Multiple information distribution paths (acoustic devices, TV, radio, Internet) assure that 
affected as well as concerned inhabitants get all needed information if available. Sirens, 
diaphones or loudspeakers are cost efficient methods to disseminate warning messages 
to a local limited set of affected people even if they have no access to public media like 
TV, radio or internet. In case of flood people must know what the signal means and what 
measures are required. To provide more information sirens which can disseminate voice 
messages too or megaphones are helpful. It is noticeable that the acoustic reach of 
megaphones is smaller than of diaphones.  
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Flood warning messages should be clear, simple, understandable and without 
subjunctives. In case of emergency they can include requests to inform and help 
neighbors and to get more information about the actual situation. 

Additional information (information about proper behaviour and measures to mitigate 
flood damage to personnel property, evacuation and development of situation) should be 
provided by community helpline, TV, radio and the World Wide Web. Light signals or 
traffic signs are necessary to block roads or close other public places. But information in 
flood warning messages and in public information platforms or flood maps has to be 
consistent. 

Centralised institutions like flood centres can provide the needed expert knowledge and 
should be responsible for centralised data collection, running of forecast models and 
warning messages distribution to all affected entities at the same time. They should be 
established on national scale in smaller countries or on scale of federal states, regions or 
wider catchment areas in larger countries. In Figure 5.1 an example of an advanced flood 
forecast and warning distribution system is shown with short information paths and 
simultaneously warning distribution to local administration, responsible fire brigades or 
other rescue workers and inhabitants.  

Water level 

information

Precipitation 

information

Weather

forecast

Flood Centre

Regional

councils

Rural districts

District towns

Public 

information 

platform 

for everyone

Internet, teletext, 

telephone

selected 

private persons

other 

private persons

Flood alerts/

Flood alerts 

clearing

Express flood 

message service

(text messages)

Flood level

information

Municipalities

Fire brigades

 

Figure 5.1: Example for a central organized flood forecast and warning dissemination system with short 
distribution paths. 

The response system (notification, decision, actions and measures) which is the other part 
of a warning system should be centralised too but on a lower administration level. Only 
one entity should be responsible for flood management in a city, town or a rural district. 
Because there are many synergies between flood management and general disaster 
management fire brigades should have prior responsibility in flood protection. 
Nevertheless personnel measures of inhabitants and company stuff considering their 
private and business property are important to mitigate flood damage. 

Hazard maps, risk maps or inundation maps are important for exact action planning in 
case of flood. Flood management plans together with decision support systems and 
appropriate maps provide information to take quick and adequate measures. Operational 
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forces need information about the area affected, required measures as well as lists with 
affected people and companies, hospitals, senior residents, schools and others. 
Management plans and flood maps should contain information about often as well as 
seldom and extreme flood events to cover all possibilities.  

And at last the review of warning systems and documentation of operation experiences 
was often only triggered by extreme flood events. As intended by EU Flood directive and 
due to the great number of flood events all over in Europe this improvement process has 
become more continuous in the last two decades and should go on. 
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APPENDIX 1: Overview flood maps 

Although the EU Flood directive established flood hazard maps and flood risk maps in 
Europe many other terms or meanings of such kind of maps are older and common in 
European countries. The following tables try to summarize the different terms which are 
used considering flood maps and its specific content and purpose for which they have 
been created.  

Table A.1: Overview flood maps: flood event maps. 

term reference content/commentary 

hazard map  Guidelines for flood hazard maps  
Ministry of environment and 
nature protection, agriculture and 
consumer protection in 
Nordrhein-Westfalen, Düsseldorf, 
Germany 

A flood hazard map can include information 
about design flood events, historical flood 
events or statistical flood events with different 
reoccurrence periods. 

flood hazard map 
(Hochwasser-
gefahrenkarte)  

Spanknebel 2009 Flood hazard maps are maps, which contains 
the following information: 
… 
- the extent of a historical or extreme event.” 

 

Table A.2: Overview flood maps: flood hazard maps (preliminary version). 

term reference content/commentary 

Hazard note map as a 
preliminary version 
of a hazard map 

Bavarian Agency for Environment, 
Augsburg, Germany 2005* 

Preliminary version until a hazard map is 
available, scale between 1:10.000 and 
1:50.000, includes information about local 
hazard, but without intensity and reoccurrence 
period, the map is based on an scientific 
approach but the hazard was not analysed in 
detail 

*http://www.lfu.bayern.de/geologie/fachinformationen/hangbewegungen/was_sind_gefahren/doc/gefahr
enkarte.pdf 

Flood maps published by the Environmental Agency, UK include two different marked 
areas (Table A.3). They can be described as follows: Dark blue shows the area that could 
be affected by flooding, either from rivers or the sea, if there were no flood defences. 
This area could be flooded: from the sea by a flood that has a 0.5% (1 in 200) or greater 
chance of happening each year or from a river by a flood that has a 1% (1 in 100) or 
greater chance of happening each year. Light blue shows the additional extent of an 
extreme flood from rivers or the sea. These outlying areas are likely to be affected by a 
major flood, with a 0.1% (1 in 1000) or greater chance of occurring each year. These two 
colours show the extent of the natural floodplain if there were no flood defences or 
certain other manmade structures and channel improvements. A purple line shows some 
of the flood defences built to protect against river floods with a 1% (1 in 100) chance of 
happening each year, or floods from the sea with a 0.5% (1 in 200) chance of happening 
each year, together with some, but not all, older defences and defences which protect 
against smaller floods. Flood defences that are not yet shown will be gradually added. 
Hatched areas benefit from flood defences, in the event of a river flood with a 1% (1 in 
100) chance of happening each year, or a flood from the sea with a 0.5% (1 in 200) chance 
of happening each year. If the defences were not there, these areas would be flooded. 
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Table A.3: Overview flood maps: flood intensity maps. 

term reference content/commentary 

flood plain maps 
(Überschwemmungs-
gebietskarten) 

Ministry of Agriculture, 
Environment and rural areas, 
Kiel, Germany* 

inundation area of 10-years, 50-years, 200-
years and 200-years-flood, within the 
inundation area of a 100-years-flood flow 
depth is marked with different colours, scale 
1:5.000 

hazard map Cologne, Germany** inundation area and flow depth according to 
different flood water levels of the river gauge 
Köln with and with-out the consideration of 
planned structural flood defence measures, 
considered flood water levels: 10,70 m, 11,30 
m = 100-years-flood, 11,90 m = 200-years-flood 
und 12,50 m = extreme flood event 

flood map Environment Agency, UK*** 1. Floodplain without flood defence (dark blue 
= affected by flooding, either from rivers (1 in 
100 years) or the sea (1 in 200 years); Light 
blue = extreme flood event from rivers or the 
sea (1 in 1000 years).  
2. Floodplain with Flood Defences (purple line)  
3. Significant, Moderate or Low Likelihood of 
Flooding 

hazard map Guidelines for flood hazard 
maps Ministry of environment 
and nature protection, 
agriculture and consumer 
protection in Nordrhein-
Westfalen, Düsseldorf, Germany 

A flood hazard map can include information 
about design flood events, historical flood 
events or statistical flood events with different 
reoccurrence periods. 

flood plain maps  District Office (Landratsamt) 
Löbau-Zittau Saxony, Germany 

inundation area due to a 100-year-flood, (scale 
1: 2 000) 

hazard map Leipzig, Germany**** flood extent due to flood events which can 
occur with probability of 95 % once in 25, 50, 
150 und 200 years 

flood risk map England, Wales, UK***** news.bbc.co.uk “… homeowners in England and 
Wales … Areas are given low, moderate or 
significant risk ratings according to location, 
predicted water levels, and type and condition 
of flood defences. “ 

flood hazard map Spanknebel 2009 hazard due to a flood event as a combination of 
reoccurrence period and degree of flooding 

flood risk map for 
England and Wales 

IH Report 130  
Morris & lavin 1996 

Maps of England and Wales showing an 
estimate of the areas that would be inundated 
by floods of the 100-year return period level 
from non-tidal rivers, in the absence of flood 
defences.. 

ZÜRS 
 

German insurance and 
reinsurance companies****** 

areas of three different hazard levels consi-
dering flood reoccurrence < 1 in 50 years; > 1 in 
50 years but < 1 in 10 years; > 1 in 10 years 

spezial hazard map 
(Sondergefahrenkarte) 

Saxony, Germany flooded area and flood development due to a 
(hypothetical) dam failure 

* http://www.schleswig-holstein.de/UmweltLandwirtschaft/DE/WasserMeer/05__Hochwasserschutz/03 
__GeneralplanBHWS/07 
** http://www.hochwasser.de/index.php/service/gefahrenkarten-koeln 
***http://www.environment-agency.gov.uk/homeandleisure/floods/31664.aspx 
****http://www.leipzig.de/de/buerger/service/dienste/umwelt/hochwasser/07104.shtml 
*****http://www.mortgagearrangers.co.uk/flood_risk_map.htm 
******http://dkkv.step-gmbh.de/index.php?id=191 
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It is mentioned there that flood defences do not completely remove the chance of 
flooding, however, and can be overtopped or fail in extreme weather conditions. An 
assessment of the likelihood of flooding from rivers and the sea at any location in UK is 
based on the presence and effect of all flood defences, predicted flood levels, and ground 
levels and was conducted by the Environmental Agency. Three levels of risk of flooding 
(Significant, Moderate or Low Likelihood of Flooding) are assigned to each location. 

ZÜRS (Zonierungssystem für Überschwemmung, Rückstau und Starkregen) is a system to 
distinguish between different zones characterized by the risk of flooding in Germany. It is 
maintained by insurance companies in Germany. Owners of houses which are situated 
within an area of hazard level 3 (> 1 in 10 years) generally can’t get an insurance police. 

The EU Floods Directive aims in minimizing flood risk in European countries. In chapter III, 
article 6 the content of flood hazard maps and flood risk maps are explained as follow: 

1. Member States shall, at the level of the river basin district, or unit of management 
referred to in Article 3(2)(b), prepare flood hazard maps and flood risk maps, at the most 
appropriate scale for the areas identified under Article 5(1).  

3. Flood hazard maps shall cover the geographical areas which could be flooded according 
to the following scenarios:     (a) floods with a low probability or extreme event scenarios; 

                (b) floods with a medium probability (likely return period ≥ 100 years); 

                (c) floods with a high probability, where appropriate. 

4. For each scenario referred to in paragraph 3 the following elements shall be shown: 

                (a) the flood extent; 

                (b) water depths or water level, as appropriate; 

                (c) where appropriate, the flow velocity or the relevant water  flow. 

5. Flood risk maps shall show the potential adverse consequences associated with flood 
scenarios referred to in paragraph 3 and expressed in terms of the following: 

                 (a) the indicative number of inhabitants potentially affected; 

                 (b) type of economic activity of the area potentially affected; 

                 (c) installations as referred to in Annex I to Council Directive 96/61/EC of 24 
September 1996 concerning integrated pollution prevention and control [9] which might 
cause accidental pollution in case of flooding and potentially affected protected areas 
identified in Annex IV(1)(i), (iii) and (v) to Directive 2000/60/EC; 

                 (d) other information which the Member State considers useful such as the 
indication of areas where floods with a high content of transported sediments and debris 
floods can occur and information on other significant sources of pollution. 
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6. Member States may decide that, for coastal areas where an adequate level of 
protection is in place, the preparation of flood hazard maps shall be limited to the 
scenario referred to in paragraph 3(a). 

7. Member States may decide that, for areas where flooding is from groundwater 
sources, the preparation of flood hazard maps shall be limited to the scenario referred to 
in paragraph 3(a). 

8. … flood hazard maps and flood risk maps are completed by 22 December 2013. 

Table A.4: Overview flood maps: flood hazard map. 

term reference content/commentary 

flood hazard maps EU floods directive* see above 

flood hazard maps Canton Bern, Switzerland** Maps which shows in detail all kind of hazards 
due to snow, rock and landslides as well as 
flood events and depressions (Dolinen), 
different colours mark different degrees of 
hazard: red (high), blue (medium), yellow (low), 
yellow-white (residual) 

flood hazard maps Bavarian Agency for Environment, 
Augsburg, Germany *** 

Cause of hazard, extent of affected area, 
degree of hazard, reoccurrence probability, 
scale: 1:2,000 to 1:10,000 

flood hazard maps 
(Carte des zones 
inondables) for 
Luxemburg and 
Rheinland-Pfalz, 
Germany 

Ministry of environment, forests 
and consumer protection, 
Rheinland-Pfalz, Germany and 
Ministère de l’Intérieur et de 
l’Aménagement du Territoire 
Administration de la Gestion de 
l'Eau, Luxembourg (Project TIMIS 
Flood, Oktober 2008) 

areas along river reaches which can be flooded, 
different colours represent different degrees of 
hazard, scale 1:5000 

Hazard areas map 
(Gefahrenzonenkar-
ten) 

Grafe 2009 
 

 

Flood hazard areas 
map (Hochwasser-
gefahrenzonenkar-
ten) 

Spanknebel 2009 areas with different degree of hazard 
depending of intensity and occurrence 
probability 

Gefahrenzonenplan  
(definition is not 
very specific) 

Bavarian Agency for Environment, 
Augsburg, Germany*** 

Provides obligatory guidelines for planning, , 
based on empirical data and depending on 
editors knowledge and has to be approved by 
responsible administration 

flood hazard maps Ministry of agriculture, 
environment and rural areas, Kiel, 
Germany**** 

The map shows the hazard due to a flood event 
as a combination of reoccurrence period and 
degree of flooding, the degree of flooding is 
represented by flow depth 

* DIRECTIVE 2007/60/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 23 October 2007 on the 
assessment and management of flood risks, L 288/30 EN Official Journal of the European Union 6.11.2007 
**http://www.bve.be.ch/site/bve_geo_karte_gk5 
*** http://www.lfu.bayern.de/geologie/fachinformationen/hangbewegungen/was_sind_gefahren/doc/ 
gefahrenkarte.pdf 
**** http://www.schleswig-holstein.de /UmweltLandwirtschaft /DE/Wasser Meer/05_ _Hochwasser-
schutz/03__GeneralplanBHWS/07 
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Table A.5: Overview flood maps: flood risk map. 

term reference content/commentary 

flood risk map EU floods directive* see above 

risk map FEMA, USA** The vision for Risk MAP is to deliver quality data that 
increases public awareness and leads to action that 
reduces risk to life and property. Risk MAP builds on 
flood hazard data and maps produced during the Flood 
Map Modernization (Map Mod) program. 

risk map  
(Risikokarte) 

Bavarian Agency for 
Environment, Augsburg, 
Germany *** 

based on flood hazard map, considering of availability 
and value of potential objects (e. g. buildings) at risk in 
addition 

* DIRECTIVE 2007/60/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 23 October 2007 on the 
assessment and management of flood risks, L 288/30 EN Official Journal of the European Union 6.11.2007 
** http://www.fema.gov/plan/prevent/fhm/rm_main.shtm 
*** http://www.lfu.bayern.de/geologie/fachinformtio-nen/hangbewegungen/was_sind_gefahren/doc/ge-
fahrenkarte.pdf 

 

Table A.6: Overview flood maps: flood risk management. 

term reference content/commentary 

flood risk 
management 
plan 

EU floods directive* (14) Flood risk management plans should focus on prevention, 
protection and preparedness. With a view to giving rivers more 
space, they should consider where possible the maintenance 
and/or restoration of flood-plains, as well as measures to prevent 
and reduce damage to human health, the environment, cultural 
heritage and economic activity. The elements of flood risk 
management plans should be periodically reviewed and if 
necessary updated, taking into account the likely impacts of 
climate change on the occurrence of floods. 
Member States shall ensure that flood risk management plans are 
completed and published by 22 December 2015. 

flood risk 
assessment 

Environment 
Agency, UK** 

Flood risk assessments are our way of compiling information 
about the hazards and types of risk a flood presents, and their 
likely social, environmental and economic impacts. They help us 
establish the nature and scale of the existing risk, and how this 
may change over time or as a result of any flood risk management 
measures we put in place. 
As well as historical data from past floods, we continually monitor 
present water levels. We develop models from this data to 
predict the course and severity of future floods. All this 
information goes into our Flood risk assessments, which 
particularly focus on: 
- Source of a flood, e.g. river, waterway, or tidal or coastal water.  
- Paths that the water will take during floods, and how the 
severity of a flood affects its path.  
- Impact on the people, land and property affected by flooding. 
This includes physical, emotional, social or economic harm. 

* DIRECTIVE 2007/60/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 23 October 2007 on the 
assessment and management of flood risks, L 288/30 EN Official Journal of the European Union 6.11.2007 
**http://www.environment-agency.gov.uk/homeandleisure/floods/31664.aspx 
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