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RUNOFF AND BEDLOAD TRANSPORT

EXPERMENTS IN THE SPISSIBACH CATCHMENT

Warin Bertschi1, Hans Kienholz1, Rolf Weingartner1

Within living memory, mountain torrents have always been a major risk for people and their 
infrastructure in the mountains. To date several risk assessment methods have been 
developed. They are often based on experiences and interpretations gained from extreme 
events analysis. Field observations and well founded measurements supporting the 
development of methods in risk assessment are available within the last twenty years. The 
reaction of torrent catchments can only be reproduced with a wide knowledge of the entire 
system and by application of comprehensive and proper models. To reach this aim a better 
knowledge of the involved processes and interactions is needed. 

In the European Alps only a few micro scale mountain torrents are systematically observed. 
The Department of Geography at the University of Berne maintains since 1991 a field 
research station in a torrent catchment at the Lake of Thune in Leissigen (Bernese Oberland). 
The aims of the project “Sensitivity of Mountain Torrents, Leissigen” are to analyse the 
relevant processes such as flood runoff formation, bed load production, bed load transport and 
their interactions. The Spissibach is a very steep (average slope 52 %, average gradient of 
stream 34 %) mountain torrent where continuously measurements on discharge, sediment 
transport and climatic situation are made. The over all goal is to get a broad understanding of 
the “mountain stream system”. 

The ongoing processes are observed on different spatial levels (slope, sub-catchment - 
catchment) according to the “nested approach”. By not only analysing measured field data but 
also incorporating computer simulations the understanding of the single process can be 
improved. 

RESEARCH AND RESULTS 

SITE MEASUREMENT 

At the lower part of the Spissibach an integral runoff-bed load-measurement system has been 
developed and implemented. In order to measure different aspects of bed load transportation 
during a flood runoff three solutions, namely hydrophones, bed load scale and bed load tracer 
system have been installed. 
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FIELD MEASUREMENT 

To understand the processes of runoff generation and bed load mobilisation diverse studies 
have been done in the research area. 

RUNOFF GENERATION/HIGH WATER DISPOSITION 
In order to determine the high water disposition, two kinds of investigation were made and 
combined in the research area of Leissigen. On the one hand detailed soil-hydrologic 
characteristics of selected locations were determined by sprinkling tests. From this, important 
information could be won about the discharge behaviour. On the other hand plant types, plant 
societies and types of soil as well were mapped.  
The won hydrological and pedological cognitions were joined in a map of high water 
disposition. A set of rules could be derived. Due to plant societies and soil types the high 
water disposition can be derived. With some restrictions, this systematic can be transferred to 
other torrents. 

BED LOAD DISPOSITION 
For the determination of sediment sources as well as their quantification a classification 
system was developed, with which the bed load volume originating from embankments and 
slopes can be estimated. Information about the processes involved, the activity/disposition as 
well as the accessibility of the stream channel lead (enter) into the bed load scenario. 

MODELLING

APPLICATION OF PREVAH 
The water balance and the behaviour during high water discharge was modelled with the 
spatially distributed hydrological model system PREVAH (Precipitation-Runoff-
Evaptranspiration HRU related Model). The temporal resolution of modelation is one hour. 
During discharge modelling of the Spissibach the necessity of local meteorological input data 
became evident. Only by implementing this very local meteorological data, a strong 
correlation between the simulated and measured data could be achieved. This fact proves the 
significance of local knowledge of heavy precipitation pattern. 

APPLICATION OF TOPMODEL 

TOPMODEL belongs to the group of physically based semi distributed models and was 
developed in the 70's at the centre for Research on Environmental of System and Statistics of 
the University in Lancaster for small wooded catchments areas. The modelling was made in 
two sub-catchments of the Spissibach. There were two kinds of events modelled: long term 
events and ten representative short events. The quality of the modelling was basically good. 
The best adjustments could be achieved with thunderstorm events. Larger deviations could be 
recognized briefly after a flood event during the recession phase or during longer dry periods.
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