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SUMMARY

To achieve a better disaster prevention, the origin and development of extreme flood events in 
a watershed of about 10’000 km2 are the focus of this study. In order to show the possible 
extent and damage of flood events, the discharge and lake level hydrographs for various hy-
dro-meteorological scenarios are simulated. 

INTRODUCTION AND AIM 

The flood events of 1999 (Switzerland) and 2002 (Germany) showed, that extreme flood e-
vents can affect extended areas and cause immense damage. Therefore the Canton of Berne 
initiated a project, that would allow to study and analyse the origin and the development of 
extreme flood events in the Aare river. The goals of this project can be summarized as fol-
lowed:

To improve the knowledge about the origin and the development of very rare flood e-
vents for better disaster prevention. 
To analyze the extent and the impact of such events on the settlements and infrastruc-
ture facilities. 
To gain fundamental knowledge for the regulation of two lake systems. 

RESEARCH AREA 

The research area encompasses the 
Aare river upper watershed (10’000 
km2) down to Murgenthal. The 
altitude ranges from 399 to 4274 m 
above sea level. Two lake systems 
(Brienzer-/Thunersee and Jura lakes) 
divide the watershed into three sub 
catchments. The lakes act as essential 
buffer storages and the outflow of the 
two systems is regulated by sluices.
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EVENT ANALYSIS 

To begin with, previous flood events have been analysed in order to find essential hydromete-
orological processes, which lead to floods in the whole research area and especially in the 
lake systems. The results show, that large amounts of water are needed to fill up the available 
water storage of the lakes. Consequently, three types of events can be described: 

Type 1: Intensive snowmelt in the upper and middle parts of the research area fills up 
the upper lake reservoir (Thuner- and Brienzersee). In combination with yielding rain-
fall, floods can occur. Such events happened in June 1910 and May 1999. 
Type 2: Intensive snowmelt in the middle and lower parts of the research area fills up 
the lower lake reservoir (Jura lakes) and causes in combination with yielding rainfall 
floods. Such events happened in 1944, 1955 and March 2006. 
Type 3: Succession of several rainfall events or single wide-ranging rainfall events 
with high intensities and yield lead to high discharge and cause floods. Such events 
happened for example in 1950 and August 2005. 

HYDROLOGICAL MODEL 

A simple dynamic model for simulating extreme flood events could be established with the 
software powersim, a further development of Mani (2000). The watershed system "Aare Mur-
genthal" and its main sub catchments are transferred into this model. The model then simu-
lates a discharge hydrograph for each sub catchment. For the main lakes the lake level hydro-
graph and the outflow hydrograph are simulated. 

HYDRO-METEOROLOGICAL SCENARIOS 

The event analysis shows, that 3 types of hydro-meteorological scenarios can cause extreme 
floods in the entire watershed. Based on previous precipitation events, precipitation scenarios 
have been specified for various durations (3 days, 7-10 days, 20-30 days) (Grebner 2006). 
The precipitation scenarios are combined with different snowmelt scenarios to a total of 25 
hydrometeorological scenarios, which correspond to the 3 event types described above. For 
every hydro-meteorological scenario the discharge and the lake level hydrographs are simu-
lated and analysed. 

RESULTS

The resulting hydrographs show, that flood events with similar or even greater extent and 
damage to the 2005 flood event are possible. Especially in the area around the lower lake sys-
tem (Jura lakes) several scenarios lead to high discharge hydrographs and high lake levels. 
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