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Abstract

The variability of meteorological parameters, a complex hydrogeology and heterogeneous snow cover dynamics
affect the water balance in high alpine terrain. Distributed hydrological modeling is facing challenges in those
environments and therefore needs to be adapted to the given conditions. We apply the deterministic hydrological
model WaSiM-ETH (ScHULLA & JASPER 2007) to analyze the water balance and to focus on snow cover and
groundwater modeling in an Alpine catchment.

The test site for our study is situated in the Berchtesgaden National Park (Bavarian Alps, Germany). It is
characterized by extreme topography with mountain ranges covering an altitude from 607 to 2713 m.a.s.l.. The
mountain ranges in the region consist of soluble limestone with a high number of subsurface pathways (karst)
ending up in springs, highly affecting both the soil and groundwater storage. The model setup is based on a
spatially dense network of meteorological stations at different elevations, discharge data from nine gauges and
furthermore extensive land use and soil data.

To improve the modeling of snow deposition and ablation processes, we have complemented the hydrological
model WaSiM-ETH with principles derived from the high-alpine specific snow model AMUNDSEN (STRASSER
2008). The new approach calculates the energy balance of the snow cover considering the terrain-dependent
radiation fluxes as well as lateral snow transport processes. Results show that the reproduction of the spatial and
temporal dynamics of the snow cover is improved (WARSCHER et al. 2013).

Hydrological modeling is resulting in systematic mismatch of modeled and measured runoff in discharge curves at
the outlet points of neighboring high alpine subbasins. Tracer experiments and spring research showed that this
can be attributed to the karst aquifer and the heterogeneous soil water transport, which is leading to strongly
deviating runoff quantities in those neighboring subbasins (KRALLER et al. 2011). We present an artificial neural
network extension that allows to account for subsurface karst water transfer within the hydrological model and
increases model performance at subbasin scale (KRALLER et al. 2012).

The model system is forced with scenario data of a regional climate model (RCM: WRF 7 km, GCM:
ECHAM5-MPI/OM T63/L32, Scenario A1B, 1970-2000/2020-2050) to assess potential impacts of a changing
climate on the regional water balance. Results show a significant, elevation-dependent decreasing trend in snow
cover duration. However, the consequent absolute changes in seasonal snowmelt and runoff amounts are
projected to remain relatively small.
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