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Alpine settlements are often situated on alluvial fans at the outlet of small
catchments. Thus they are - due to the short response time - exposed to a
high risk in case of flash floods. Within the project „Sensitivity of the runoff
characteristics of small Alpine catchments to climate change“ we aim at
identifying the critical combinations of event characteristics (intensit y and
duration of rain) and system conditions (soil moisture, state of
vegetation and land use, snow cover) producing flash floods in order to
improve the predictability of such events. Therefore we investigated three
small catchments with different altitude and precipitation regime: The
catchments of
• the Ruggbach (400 – 1000 m a.s.l., 7.2 km², Vorarlberg, Austria),
• the Brixenbach (800 – 2000 m a.s.l., 9.3 km³, Tyrol, Austria) and
• the Längentalbach (1900 – 3000 m a.s.l., 9.2 km², Tyrol, Austria).

Sprinkling experiments showed typical reactions on
system conditions (regarding initial soil moisture,
grazing intensity):
• Plots producing very high or very low amounts of

surface runoff during heavy rainfalls hardly show
any reaction on different system states.

• Plots producing a medium amount of surface runoff
during heavy rainfalls however are sensitive to
different system states.

• Buffering capacity is reduced at unfavourable
system conditions (high initial soil moisture,
intensive grazing).

Modelling results produced with the event-based
precipitation-runoff-model ZEMOKOST (Kohl 2011)
indicate different peak flow increases at unfavourable
system conditions in the three test catchments
comparing to the design event: Ruggbach 160%,
Brixenbach 130%, Längentalbach 110%.

Three ENSEMBLE RCMs (A1B, 1950 – 2100) were bias-
corrected and temporally and spatially disaggregated
(ARPEGE – ALADIN, ECHAM5 – RegCM3, ECHAM5 –
REMO) in order to analyse future climate in the test
catchments. There is evidence to suggest that short-term
small scale intense rain events may occur more
frequently due to the following observations:
• The amount of liquid precipitation (versus snow) will

grow: the strongest increase can be observed at low
altitude in Feb. (+ 20%), mean altitude in Feb. and
Nov. (+ 35%) and high altitude in May (+ 30%).

• The RCMs show that intense rain events (daily total)
will increase (see figure above).

• Although the calculation of the lability index Showalter
shows differences between the climate model and
reanalysed climate data, which demands a cautious
interpretation, RegCM3 indicates a significant increase
of lability index values leading to the expectation of
heavy torrential rainfalls.

Modelling results produced with the continuous
precipitation-runoff-model HQsim (Achleitner et al. 2011)
showed for all three catchments
• a slight increase of daily mean runoff values in winter,
• a significant decrease of daily mean runoff values and

soil moisture content in summer,
• a significant decrease of mean and maximum snow

water equivalents as well as of snow duration time,
• a temporal shift of high soil moisture contents from

spring to late winter (Ruggbach), from late spring to
early spring (Brixenbach) and from early summer to
late spring (Längentalbach) due to earlier snow melt.

However, the bandwidths of daily mean runoff are not
thinning, maximum runoff will not decrease.

Assuming an increase of absolute humidity of 7%/°C
temperature rise according to Clausius-Clapeyron-
equation, future peak runoffs can be simulated. For an
assumed temperature increase of 3°C, modelling with
ZEMOKOST showed a peak runoff increase up to 136%
(Ruggbach), 140% (Brixenbach) and 153% (Längen-
talbach) of the original design event value.
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