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INTRODUCTION 

Torrential processes constitute major threats for human activities, settlements and infrastructure in 
mountain environments. Human activities, such as the development for industrial production, 
urbanization of rural areas, or tourism, and climate change contribute to an increase in the likelihood 
and adverse impacts of hazards (European Flood Directive, 2007). In order to avoid damage or 
fatalities, mitigation measures and appropriate hazard assessment are needed.  
Studies clearly show that expected changes in torrential activity due to climate change exhibit different 
patterns depending on the study region and that generalized conclusions are not possible for the Alps 
(e.g. Haeberli et al. 1990, Jomelli et al. 2007; Stoffel et al. 2008). One of the primary pre-conditions 
for a realistic determination of potential future torrential hazards and risks are solid and as complete as 
possible time series on past and contemporary events. In addition to the potential impact of future 
climatic changes on the physical systems, a holistic assessment of torrential hazards and risks in a 
future greenhouse climate also needs to address potential changes in vulnerability of transportation 
networks and settlements as well as the capacity of people to mitigate negative effects of torrential 
disasters. 

PROJECT GOALS 

It is therefore the goal of the “Deucalion” project to follow a holistic approach to assess the impact of 
climate change on torrential disasters and to explicitly address key scientific uncertainties with novel 
and innovative approaches, which can be summarized with the following objectives: 

 Develop time series on past torrential disasters on three selected fans or cones in differing 
geographic environments in Austria. Analysis will be based on data obtained from tree-ring 
records (i.e. dendrogeomorphology) and complemented with information from the Austrian 
natural disaster database; 

 Assess meteorological conditions, precipitation thresholds, as well as weather and circulation 
patterns involved in the triggering of torrential disasters; 

 Determine occurrence of mean and extreme precipitation events at the case-study sites based 
on statistically downscaled Regional Climate Model RCM ensemble data for different periods 
of the future. Assess the likelihood for the occurrence (temporal frequency) and size 
(magnitude) of torrential disasters by 2050 and 2100; 

 Quantify socio-economic developments and potential changes in vulnerability at the case-
study sites (settlements, transportation corridors) for the time horizon of 2100.  
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 Perform retrospective modeling of torrential disasters reconstructed with tree-ring and paleo-
channel data (i.e. model fine-tuning). Based on these model output data, quantify hazards and 
assess risks of past and contemporary events under current climatic conditions; 

FIRST RESULTS 

In this contribution, we present the results of the first phase of the Deucalion project: time series of 
past torrential events were gathered for three study sites representing different regions in the eastern 
Alpine environment. These Alpine cones are located in the “Gesäuse” (Enns Valley, Styria), “Pitztal” 
(North Tyrol) and “Toblacher Dolomiten” (South Tyrol). Through the analysis of tree-ring series of 
conifers, we (i) reconstruct the event frequency and (ii) determine the spatial extent and preferential 
breakout locations of past events. Through the coupling with meteorological data, we (iv) identify 
triggering rainfall events.  
Cross-sections and increment cores were analyzed and data processed following the standard 
dendrogeomorphic methods described in Stoffel and Bollschweiler (2009). Tree rings were counted 
and ring widths were measured. In a subsequent step, growth disturbances (GD) such as injuries, 
callus tissue, tangential rows of traumatic resin ducts (TRD), abrupt growth suppression or release and 
compression wood were identified on the tree-ring series (Stoffel and Bollschweiler, 2009). The 
determination of events is based on (i) the number of trees showing GD within identical years, at 
identical (or at least very similar) positions within the tree rings, (ii) the intensity of signal within the 
tree-ring series, and on (iii) the spatial distribution of affected trees on the cone (Stoffel et al., 2010, 
Bollschweiler et al. 2008). 
In total more than 500 trees affected by past torrential activity were sampled and analysed at the study 
sites. In a next step and using climatic records of nearby stations, the meteorological conditions during 
the reconstructed torrential events will be analysed to identify a possible climate signal in the 
frequency of torrential events. 
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