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In this contribution, we would like to review the HPC needs for modern Integrated Hydrological Models,
and to show some recent applications of our research using the Vienna Scientific Cluster.

Integrated hydrologic modeling systems simulate complex interactions between groundwater, surface water
flows, vegetation and atmosphere under heterogeneous conditions, when nonlinear processes across various
space and time scales influence hydrologic response. The mathematical representation of these interactions
in simulation models is still a great challenge, because of the composite physical processes described by non-
linear, coupled partial differential equations. Therefore, the application of Integrated Hydrologic Models to
large domains or long time series (i.e. climate research) requires significant computational efforts. Moreover,
such a models cannot be validated easily in the classical sense (i.e., comparison with analytical solutions),
in the case of realistic problems [1]. Thus, uncertainty remains in the attribution of hydrologic responses
(e.g., correspondence to actual processes) to model structural errors (e.g., missing processes, such as water
use), and initial and boundary conditions (e.g., complex domains). For this reason, tools for uncertainty
quantification and optimal parameters identification are essential. The need of multiple optimization runs
implies also large computational needs.

In this contribution, we present an application of the GEOtop 2.0 model [2], where a model sensitivity
analysis has been performed for several experimental stations located in the Alps, representative of differ-
ent conditions in terms of topography (elevation, slope, aspect), land use (pastures, meadows, and apple
orchards), soil type and groundwater influence. A new automatic sensitivity and optimization tool based on
the Particle Swarm Optimization theory has been developed. The tool is based on R and has been adapted
for VSC to leverage MPI and job arrays. In the talk, we will illustrate details of the implementation un-
der MPI with the VSC. Moreover, possible model structural deficiencies and future research directions to
improve computational efficiency will be discussed.

The optimization tool geotopOptim is available as R package on https://github.com/EURAC-Ecohydro/

geotopOptim2 . The GEOtop code is implemented in C/C++ and published on its own github repository
http://geotopmodel.github.io/geotop/ under GPL v3.0 license. The software is also complemented by
several tools, which provide web-based visualization of results based on R plugins as geotopbricks, which
allow rapid and efficient scientific validation of results and tests.
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