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It is important to learn more about flood triggering weather patterns in
Switzerland for two reasons: (i) projections of flood frequencies in a warmer
climate are strongly limited by the ability of climate models to represent the
complex small-scale processes associated with typical flood triggers like heavy
precipitation and snow melt. Information about flood triggering weather
situations can be used in a more indirect approach to estimate changes in
future flood frequencies.

(i) Flood frequencies in Switzerland show significant decadal variability,
suggesting that decadal variations in the synoptic atmospheric flow might
influence flood probabilities (Schmocker-Fackel & Naef, 2010). However, links
to temperature trends or large-scale climate indices are complex and
ambiguous and Schmocker-Fackel & Naef expressed the need for a better
understanding of the synoptic-scale atmospheric flood triggers.

We used weather types classifications to group the Swiss rivers based on their
specific flood-associated synoptic situations. The classification algorithm
grouped the rivers into distinct classes, each reacting to a different synoptic flow
pattern. We aim to determine for each class a set of typical synoptic- and meso-
scale flood ingredients by combining atmospheric reanalysis from the ECMWF
with dense networks of rain gauges and river discharge measurements.

We performed a series of case study analyses that showed promising results.
For the case studies four catchments have been selected, each representing a
preferred hydrological flood type (e.g. shower, long lasting rain, rain on snow,
pure melt). For each of these catchments many of the annual maximum floods
share a common triggering weather situation and these flood triggering weather
situations vary substantially between the different catchments.

An example is shown in Figure 1. On 21 December 1991 an atmospheric river
brought very moist air to North-Western Europe. This atmospheric river
triggered, together with other factors, a record flood in the Suze river in
Switzerland.

We will use the best set of atmospheric flood precursors to build up an
ingredient-based flood forecasting model. We will separate 50 years of
discharge and reanalysis data into a validation and calibration period to test the
skills of our flood forecasting model. In case of sufficient skill, this model will be
applied to future climate projections to derive future flood probabilities for each
Swiss region.
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Integrated precipitable water (mm) + SLP (hPa) 18Z 21 Dec 1991

Figure 1: Precipitable water (shaded, mm) and sea level pressure (contour
lines) on 18 UTC December 21 1991.
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Heavy precipitation events in the Alpine region often cause floods, rock-falls and mud slides with
severe consequences for population and economy. Breaking synoptic Rossby waves located over
western Europe, play a central role in triggering such heavy rain events in southern Switzerland
(e.g. Massacand et al. 1998). In contrast, synoptic scale structures triggering heavy precipitation on
the north side of the Swiss Alps and orographic effects have so far not been studied
comprehensively.

An observation based high resolution precipitation data set for Switzerland and the Alps
(MeteoSwiss) is used to identify heavy precipitation events affecting the north side of the Swiss
Alps for the time period 1961-2010. For these events a detailed statistical and dynamical analysis of
the upper level flow is conducted using ECMWFs ERA-40 and ERA-Interim reanalysis data sets.
For the analysis north side of the Swiss Alps is divided in two investigation areas north-eastern and
western Switzerland following the Swiss climate change scenarios (Bey et al. 2011). A subjective
classification of upper level structures triggering heavy precipitation events in the areas of interest is
presented. Four classes are defined based on synoptic-scale structures of the dynamical tropopause
over Europe during extreme events in the northern part of Switzerland and its sub-regions. The
analysis is extended by a climatology of breaking waves and cut-offs following the method of
Wernli and Sprenger (2007) to examine their presence and location. In a next step the potential for
an upper-level Rossby wave upstream precursor is investigated.
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