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INTRODUCTION
Numerical modeling of natural hazard processes is 
nowadays state of the art and an essential part of 
hazard zone mapping. Alpine torrents under the 
competence of the Austrian Torrent and Avalanche 
Control (Wildbach-und Lawinenverbauung (WLV)) 
are often ungauged and located in steep mountain 
areas. However, Linz the capital of Upper Austria is 
mainly flat and known for Danube flooding, but 
the northern part of the city is also vulnerable to 
flooding from a couple of small torrents which are 
located in the hilly region of Mühlviertel. The aim 
of this study conducted on the behalf of the WLV 
was to find characteristic hydrographs, water levels 
and inundation areas for the urban region of 
Linz-Urfahr. Under the circumstances that some of 
the watersheds are located next to each other the 
motivation was to have a regionalised method to 
calculate the peak discharges and to consider 
overlapping flood areas and their interaction.
The project region persists of 14 watersheds from 
0.07 km2 up to 32.7 km2. The headwaters are 
mainly located in the Mühlviertel uplands and 
characterised by forest and agriculture, followed by 
a section with steep paths down to the flat deposi-
tion zone on the Danube floodplain. Only one of 
seven main torrents is equipped with a gauging 
station since 25 years. The Data is only partly 
usable for the calibration because during flooding 
events the station was bypassed.

METHODS
The basis for extracting the physical characteristics 
of the sub-basins was provided by the use of the 
latest Airborne Laser Scan (ALS). The ALS has a 
resolution of 0.5 m for the urban areas of Linz-
Urfahr and a resolution of 1.0 m for the rural areas. 
To determine peak discharges and design hydro-
graphs (HQ 30, 100, 300) the rainfall-runoff models 
ZEMOKOST 2.0 and HEC-HMS 4.0 were used and 
both models were fed with equal data sets to enable 

a comparison of the results. Observations from 
flood events with return periods of 10 and 20 years 
were back calculated. The values were then used 
for all watersheds to calibrate the parameters. The 
calculated hydrographs for various return periods 
were taken as input data for the 2D-modeling with 
the program Hydro_AS-2D. Concerning adjacent 
inundation areas, four simulation meshes, each of 
them including more than one torrent were built 
based on the digital elevation the model. Separate 
mesh parts with quadratic elements were con-
structed for the regulated channels in the urban 
area.  
In addition the geometry was refined by surveyed 
cross sections and technical torrent control struc-
tures were adapted. In general the buildings in the 
model were set to no-flow areas, except some huge 
apartment buildings, where the courtyards plus 
entrances were considered in the mesh. The aim for 
small watersheds, which drain into pipes, was to 
analyse the direction of the surface runoff. The 
resultant data provide water depths and velocities 
so that the energy height can be calculated and the 
inundation areas can be classified according to the 
guidelines for hazard zone mapping in Austria.

RESULTS & DISCUSSION
For the calibration a storm event from May 1996, 
documented and back calculated by the municipal-
ity of Linz was used. The obtained peak discharge 
at Haselgraben is between 24 m3/s and 27 m3/s. In 
this project HEC-HMS was setup and the result was 
a peak discharge of 23 m3/s. In case of the Katzbach 
torrent the peak discharge from August 2002 flood 
event (25 m³/s) could be recalculated based on 
observations of local residents. When HEC-HMS 
was fed with the same input data a result of 24.5 
m3/s was computed. Due to a lack of observations 
no other hydrographs or calibrations are reliable 
and furthermore a hydrological validation was 
unfeasible.
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The largest simulation mesh, which was built for 
the adjacent inundation areas of Haselgraben, 
Höllmühlbach and Diesenleitenbach, has an area of 
more than 5.5 km² and contains around 544500 
Elements and 302300 nodes. The computation time 
per run has been around 12 hours. During the 
pre-processing the terrain model had to be edited 
in some zones, for example to implement some 
new streets, buildings or pedestrian underpass. 
Within the hydraulic simulations occasionally very 
high velocities occurred in the channel beds. It was 
recognized that the choice of Strickler values often 
has to depend on the accuracy of the model. Some 
not implemented ground ramps can lead to unreal-
istic high velocities and for that reason the coeffi-
cient of roughness might have to be increased 
against the standard values. According to some 

other project these values also have to be enlarged 
due to the presence of bed-load material. Adjoining 
inundation areas should always be analysed togeth-
er, so far the simulations showed new results and 
interactions between the flooded areas. Within 
modeling of natural hazards the quality of the 
input data is just as important as the knowledge  
of the field area is decisive for good results. It has 
been assumed that the hydraulic model results, for 
example the maximum water depths, depends on 
the precision of the digital terrain model and 
furthermore segments with water depths under 
0.20 m has to be evaluated with this awareness.  
At low water depths a high kerbstone can change 
the water flow direction. The energy heights have 
been subdivided into three classes: the heights 
between 0.02 - 0.20 as reference areas, between  
0.2 - 1.5 as yellow and above 1.5 as red zones.  
The consultant has to coop with the sample  
uncertainty and also with the model uncertainty, 
all numerical model results have to be validated  
on site.
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Figure 1. Location of the four model meshes in the city of Linz, Upper Austria. 
Mesh 1 contains the torrents Pflasterbach and Bahngraben, number 2 
Diesenleitenbach, Höllmühlbach and Haselgraben, in number 3 the eight 
Elmberggräben are located and finally mesh number 4 shows the Katzbach

Figure 2. Example of simulation results: calculated energy height in meters
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Fig 2: Example of simulation results: calculated energy height in meters 
 


