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INTRODUCTION 

Alpine hazards pose a permanent threat to the built environment in Austria. The application of the 
concept of risk is a possibility to deal with these hazards. Vulnerability assessment for elements at risk 
(e.g. buildings located on torrent fans) is generally seen as an important component in the framework 
of risk assessment. Due to the increased application of risk assessment methods in recent years, the 
significance of vulnerability studies is rising. Primarily qualitative and semi-quantitative vulnerability 
assessment methods have been applied to date. The development of quantitative methods is a 
challenge due to the restricted availability of corresponding quantitative data. In this study, however, 
the development and comparison of quantitative vulnerability functions for torrent processes is 
presented. Following a natural sciences perspective, vulnerability is defined as the expected degree of 
loss for an element at risk as a consequence of an event of certain intensity. The work is based on a 
local and empirical study and deals with the physical vulnerability of buildings located on torrent fans 
in the Austrian Alps. 

METHOD 

Vulnerability functions link the intensity of a hazardous process to the degree of loss of individual 
elements at risk exposed. In this study, the elements at risk included residential buildings located on 
the fans of the torrents Stubenbach, Schnannerbach and Wartschenbach (Tyrol) and Vorderbergerbach 
(Carinthia). 
The assessment of the individual degree of loss followed an economic approach using quantitative loss 
data and reconstruction values. The degree of loss is equal to the damage ratio, defined as the quotient 
between monetary loss and reconstruction value. Loss data was provided by the responsible 
administrative authorities. The calculation of individual reconstruction values was based on an 
approach applied by the Austrian insurance industry. Unit prices per square meter for the living space, 
the attic and the cellar were multiplied by the corresponding building size, which was derived from 
cadastral maps. The process intensity was determined by using information derived from event 
documentations that were carried out following hazard events by the Austrian Torrent and Avalanche 
Control Service. The intensity defines the impact of a process on the affected element at risk. Different 
intensity parameters can be used depending on the natural phenomena, for example impact pressure 
(avalanches) or flow velocity (pure water floods). In the case of torrent processes (fluvial sediment 
transport and debris flows) deposition heights were used as a proxy for process intensity. This 
parameter was chosen based on data availability and quality. 
The relation between damage ratio and process intensity was further used to obtain respective 
vulnerability values. These vulnerability values are shown as a scatterplot, where the process intensity 
is plotted on the abscissa and the degree of loss is plotted on the ordinate (see Fig. 1). Different 
vulnerability functions were developed based on an ordinary least squares regression. A procedure 
similar to an Analytical Hierarchy Process was applied to find the best-fitting function to the empirical 
data. 
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RESULTS 

In total, 67 residential buildings located on the fans of the torrents Stubenbach, Schnannerbach and 
Vorderbergerbach have been damaged by fluvial sediment transport processes. Sixteen residential 
buildings have been damaged by debris flows (torrent Wartschenbach). Based on results published for 
debris flows (Fuchs and Heiss, 2008) and fluvial sediment transport (Totschnig et al., in press), 
different vulnerability functions were compared and those functions with the highest values of utility 
(best fit) were selected (Fig. 1). In Fig. 1a, the vulnerability relation for residential buildings is shown 
based on absolute deposition heights. The data for fluvial sediment transport processes are best 
described with a modified Weibull distribution and the data for debris flows with a modified Frechet 
distribution. 
To take different building heights into account, a normalised relative intensity parameter was 
introduced, composed of a ratio between the deposition height and the height of the affected building. 
In Fig. 1b, the corresponding vulnerability relation based on this relative intensity is shown. The best-
fitting function for fluvial sediment transport processes was a modified Frechet distribution, whereas 
the best-fitting function for debris flows was a modified Weibull distribution. Additionally, confidence 
bands with different confidence levels (90, 95 and 99 %) were calculated to emphasize the level of 
uncertainty. 
 

 

Fig. 1 Vulnerability functions for different torrent processes based on absolute (a) and relative intensity (b) 

CONCLUSION AND DISCUSSION 

The presented method is based on a spatially explicit and economic approach on a local scale. Process 
intensities, monetary loss and reconstruction values were used to derive vulnerability functions for 
fluvial sediment transport processes and debris flows in mountain torrents. 
The derived vulnerability values for these two processes show a similar pattern and the presented 
vulnerability curves show a similar shape. The differences are based primarily on the fact that process 
intensities < 2 m were observed for debris flows, whereas the process intensities were considerably 
above this for fluvial sediment transport. Hence, the assumption that debris flow processes generally 
have a higher destructive impact on the building than fluvial sediment transport processes (Hungr et 
al., 2001) is not supported by this study. 
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