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Torrents are surface waters with 
at least partly steep grade, fast and 
big changes of runoff and temporar-
ily high bedload discharge. In many 
torrential system debris flows can 
occur. This short definition covers up 
the complexity of these systems, that 
are determined by many factors such 
as geology (structure, lithology), hy-
drogeology, property and state of soil, 
vegetation and precipitation regime. 
Nevertheless it enables to point out, 

that the activity of a torrent is deter-
mined by the potential amount of de-
bris and water and by topography.

The very complex mountain tor-
rent system includes hydrological 
processes as water discharge from 
the hillslopes into and through the 
channel. On the other hand sediments 
are also a characteristic and important 
part of the whole system. In various 
geomorphologic processes, sedi-
ments are moved from the top of the 

mountains down to the fan. Erosion, 
forced by flowing water, and mass 
movements on hillslopes transport 
the sediments into the channels. Sedi-
ment transportation and debris flows 
move the material down the channel 
system. The results of these sediment 
transports are floods and deposits of 
debris flow on the fan which threat 
settlements, traffic and human lives. 
Many historical documents and leg-
ends describe the damage forced by 
mountain torrents.

For comprehensive descriptions 
of torrents, the four subsystems: run-
off generation, debris source, debris 
transportation at the hillslopes and 
bedload transportation in the chan-
nels have to be adressed. Furthermore 
the transportation systems can be dis-
tinguished depending on mechanics 
of movement, involved material and 
sediment texture, involved masses 
and velocity (see figure 1).

Extreme events (flood, excessive 
bedload discharge, debris flows) may 
affect human lives and property. This 
is mainly the case in the debris fan 
areas where settlements and intensely 
used fields are situated: Very typical 
traditional settlements in alpine val-
leys as well as in mountain valleys 
in other regions of the globe are situ-
ated on (the outskirts of) debris cones. 
Along uncorrected waterways or of-
ten even in spite of such corrections, 
the valley bottoms have been flooded 
more or less often and so have been 
unsuitable as settlement sites. Valley 
flanks are often endangered by land-
slides and rockfall and in the high 
mountains by snow avalanches. Val-
ley bottoms and flanks have therefore 
been avoided. Only elevated sites 
above the valley floor set away from 
the slopes remain as possible choices, 
for example, ancient river terraces 
and the debris cones of river tributar-
ies such as mountain torrents. There-
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Figure 1
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fore, in many case, torrential fans and 
debris cones as geological features 
provide the only suitable sites for 
settlements on one hand, but on the 
other hand are also still threatened by 
the torrential activity during extreme 
events. 
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