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RESULTS

In the period under consideration, the total damage resulting from torrent events amounted to 
965 M€ (including object-specific damage extent and costs for cleaning-up the sediment 
deposition). The monetary damage per year was 29 M€, and per event 197 k€. Referring to 
the Austrian population, tangible losses of 3.5 € incurred per person and year. The monetary 
damage extent substantially increased during torrent events with intense energy release (de-
bris flows and floods with considerable bedload transport). Rare events characterised by high 
event magnitudes were found to be responsible for most of the damage, while frequent events 
only caused minor losses per event (Fig. 1). Thus, the damage extent increased with decreas-
ing recurrence intervals. Accordingly, extreme events affiliated with a low number of events 
in the period between 1972 and 2004 caused the large part of the monetary damage. Due to a 
comparatively lower portion of sediment transport, flood events might be neglected in terms 
of monetary losses when analysing damaging torrent events.  
A time series for the period between 1972 and 2004 was developed, while a significant trend 
related to a possible temporal increase, both, in the number of events and in the monetary 
damage, could not be derived. Moreover, the sample had shown a large scattering in the re-
sults. Nevertheless, the data provided considerable information on the development of torrent 
damages in Austria between 1972 and 2002 (Fig. 2). 

Fig. 1 Distribution of losses 1972-2004 according to 
recurrence intervals

Fig. 2 Distribution of cumulative losses 1972-2004 
according to districts 

CONCLUSION

Knowledge on the development of losses plays an important role during a temporal quantifi-
cation of risk. Consequently, the collection of data on torrent events should be continued in 
the future. However, information on the pattern and extent of damage might be assessed more 
precisely to guarantee for a sound and comprehensive analysis. This would result in an en-
hanced risk management of torrential hazards in Austria.  
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INTRODUCTION

Risk (individual, object and collective risk) arises when natural processes interact with vul-
nerable human systems. Conventionally, risk is mathematically derived by a function of haz-
ard potential and damage potential, see equation (1). 

SiOjSiOjOjSiji pvApfR ,,, ,,,        (1)

R   =  risk 
pSi  =  probability of scenario i
AOj = value at risk of object j
pOj, Si = probability of exposure of object j to scenario i
vOj, Si = vulnerability of object j, dependent on scenario i

Losses due to natural hazards increase world-wide during the last decades. However, there is 
a gap related to information on the development of losses in Alpine countries, even if such 
information is needed to quantify risk temporally. 

METHODS

In this study, the consequences of torrent events have been monetarily assessed for the period 
1972-2002. Consequences were defined as direct monetary damage to buildings. The extent 
of these losses resulting from almost 5,000 torrent events, which have been documented in a 
database by the Federal Research and Training Centre for Forests, Natural Hazards and Land-
scape (BFW), was quantified. The methodology of damage assessment was carried out on an 
object level. Similar buildings have been categorised according to the entries in the database, 
such as residential buildings, industrial buildings and farm buildings. 
Damage to buildings was assessed using average replacement costs for individual building 
categories. These expenditures had been adjusted to take into account altered purchasing 
power in different regions of Austria. Those buildings that were totally destroyed had been 
quantified using the entire replacement costs, while vulnerability factors were applied for 
buildings that had only partly been destroyed. These factors have been derived from literature 
and adjusted to the system boundaries of the analysis. The calculated extent of damage was 
analysed temporarily and spatially, and merged with process-related characteristics to obtain a 
nation-wide loss distribution. 
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