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1. Motivation!
•  Mechanisms causing extreme precipitation events are not fully understood, in particular 

with regard to their dynamical forcing.!
•  Variations in this forcing may be crucial for regional changes of extreme precipitation due 

to global warming.!
•  Objective of this study: quantify the relevance of cyclones for causing precipitation 

extremes on a regional scale!

2. Method!
Determine the percentage of precipitation extremes during 1989-2009 that occur 
simultaneously with a cyclone at the same location, using!
•  six-hourly precipitation extremes from ERA-Interim reanalyses, defined as exceedance of 

the 99th percentile of local precipitation, validated with the help of CMORPH satellite 
observations (Joyce et al., 2004)!

•  cyclones identified from ERA-Interim sea level pressure as two-dimensional features 
(Wernli and Schwierz, 2006)!

Left: (a) Relative frequency (%) of cyclones in the ERA-Interim data 
(1989-2009). (b) Percentage of six-hourly precipitation extremes 
occurring simultaneously with a cyclone at the same grid point. Grid 
points are masked in white if the relationship between cyclones and 
precipitation extremes is statistically not highly significant, based on 
a bootstrap test.!

è Percentage of precipitation extremes coinciding with a cyclone strongly exceeds the 
climatological cyclone frequency in large regions, not restricted to the main storm tracks.!

5. Properties of cyclones causing precipitation extremes!

6. Conclusions!
•  In large regions in the extratropics, a high percentage of the precipitation extremes is locally related to a 

cyclone.!
•  This fundamental linkage may provide guidance to forecasters involved in flood prediction.!
•  Regional changes of precipitation extremes with global warming in hot spot regions of cyclone-induced 

heavy precipitation may be particularly sensitive to variations in the dynamical forcing.!
•  GCM simulations should be validated to properly represent this key linkage.!
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4. Coincidence of precipitation extremes and cyclones!

3. Validation of ERA-Interim 
precipitation extremes!

Below: As Figure on the left, but for different seasons.!

Right: Relative fraction (%) of simultaneous six-hourly precipitation 
extremes in ERA-Interim and CMORPH during the years 2003-2009. 
Events are counted as simultaneous if they occur with no more than 
six hours time difference in the same or one of the eight surrounding 
grid boxes.!
è ERA-Interim properly captures the timing of precipitation 
extremes in most parts of the extratropics!

Right: Percentage of cyclones leading to a 
precipitation extreme at the respective grid point, 
relative to all cyclones touching this point. This 
percentage has only been calculated for every fifth 
grid point in longitude and latitude direction.!

Below: Differences between (a) minimum core pressure and (b) 
latitudinal displacement relative to genesis point (defined as the 
latitude of cyclogenesis minus the latitude of the extreme event) of 
cyclones causing an extreme precipitation event at the respective 
location and all other cyclones. Both fields are given in units of the 
local whole sample standard deviation of the respective quantity.!

è distinguishing 
cyclones causing 
precipitation extremes 
with the help of “simple” 
measures of cyclone 
properties is difficult!
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