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To quantify the flood risk for large European river catchments (namely Danube, Elbe, Oder,
Rhine, and Vistula), a centennial dataset of the daily 2 m mean temperature and the daily
precipitation sum was generated in 2018 to be used as input for a hydrological rainfall-runoff
model developed by the University of East Anglia. With this aim, we run the regional climate
model COSMO-CLM (CCLM) with two different global reanalysis data sets (ERA-Interim,
Dee et al., 2011; ERA-20C, Hersbach et al., 2013) as initial and boundary conditions. The
simulations were finished in early 2018. The two downscaling simulations provide 37 (ERA-
Interim) + 111 (ERA-20C) years of regional data for Europe at a horizontal resolution of 0.22°.
Due to the bias of model data towards observations, a bias correction as well as a dry day
correction had to be applied. In 2018, we additionally tested several bias correction methods,
including linear, non-linear as well as distribution-driven approaches (Fang et al., 2015). The
daily E-OBS gridded data set (0.25° horizontal resolution, Haylock et al., 2008) was used as
reference data for the bias correction. At the moment, we are working at two papers that present
findings from this project. In the first paper (Quandt et al., 2018), we introduce the applied
methods (dynamical downscaling plus bias correction). Bias correction methods are evaluated
in a climatological perspective as well as for specific heavy precipitation events. We found that
empirical quantile mapping is one of the most suitable methods to correct daily precipitation
sums. The second paper (Ehmele et al., 2018) addresses long-term variability and trends of
heavy precipitation in centennials dataset. We found a significant increasing trend of heavy
precipitation for northern parts of Central Europe, while there is a decreasing trend in the
Mediterranean region. In addition, high-resolution (7 km and 2.8 km) simulations of specific
flooding events were performed in 2018. This was done to investigate the benefit of a higher
resolution in the representation of daily precipitation sums.

Example of application: Representation of the Danube Flooding event in 2002

In August 2002, record-breaking precipitation amounts were observed, which lead to severe
flooding in the Elbe catchment and parts of the Danube catchment (Ulbrich et al., 2003a). Two
high precipitation events in the first half of August were the main contributors to these severe
flooding events, which caused 100 fatalities and an estimated economic loss over 14 billion
Euros (Ulbrich et al., 2003a). The synoptic situation was influenced by a surface cyclone that
moved from the Mediterranean basin into Central Europe, known as Vb cyclones track (Ulbrich
et al., 2003Db).

Regarding the second precipitation peak, the daily precipitation sum on 11 August 2002 is
illustrated in Figure 1. In E-OBS, an extended area of high precipitation with peak values over
70 mm is visible within the Danube catchment. In the 25 km run (driven with ERA-Interim),
the precipitation sum is underestimated. It is increased in the 7 km and 2.8 km runs being closer
to observations, but with an overestimation of precipitation along the coast of Croatia. In
conclusion, the higher resolution leads to improvements in the representation of heavy
precipitation on 11 August 2002.
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Figure 1: Daily precipitation sum (shading in mm) on 11 August 2002 for E-OBS (25 km) and
downscaled ERA-Interim data on three resolutions, namely 25 km, 7 km, and 2.8 km (from left
to right). Gray lines represent country boundaries, orange lines mark the western part of the
Danube catchment.
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