
UrbanRain18 
11th International Workshop on Precipitation in Urban Areas 

Characteristic spatial extent of rain events in Germany from a radar-based precipitation cli-
matology  
 
K. Lengfeld*1, T. Winterrath1, T. Junghänel1,  A. Becker1 
 
1 Deutscher Wetterdienst, Offenbach am Main, Germany 
 
*Corresponding author: katharina.lengfeld@dwd.de 
 
 
 
Abstract 
 
Precipitation is highly variable in space and time. Long lasting heavy rainfall is mostly associated 
with frontal systems and occurs on scales of 100 km or more, while short-term heavy precipitation 
develops locally and affects only a few 10 km or less. Precipitation climatologies are commonly de-
rived from rain gauge networks given their long time series providing a certain statistical robust-
ness. However, the extreme statistics yielded lack spatial coverage and representativeness when 
mapped due to smoothing during interpolation loosing also substantially heavy precipitation peaks. 
In recent years more and more climatologies from radar networks have been presented that allow 
detailed investigation of the spatial structure of rain events and their extreme statistics. Time series 
from a 16-year precipitation climatology from 17 C-band radars operated by the Deutscher Wetter-
dienst starting in 2001 are used to investigate the spatial extent of daily and hourly precipitation 
events in Germany. On average, daily rainfall events have a spatial extent four times lager than 
hourly rainfall events (68 km versus 17 km, respectively). A clear influence of the orography on the 
development and type of precipitation can be demonstrated. In North-West Germany frontal sys-
tems arrive from the Netherlands and Belgium leading to larger daily precipitation events than in 
North-East Germany. In contrast, the North-East of Germany is shielded by mountain ranges and 
allows local formation of larger convective short-term events. 
 
1. Introduction 
 
Our climate system is influenced by many parameters. One of the main driving factors is precipita-
tion. Due to its high variability in space and time, precipitation is also one of the most challenging 
parameters to observe. Small-scale convective cells can develop fast and lead to intense rainfall 
over limited areas that are especially devastating in urban areas because they can cause damage 
to urban infrastructure and housing. In the city of Münster in Western Germany a rainfall event with 
more than 260 mm in two hours led to flooding and property damage of more than 15 Mio € in in-
sured losses in July 2014. In June 2017, Berlin was hit by a heavy precipitation event with up to 
155 mm in 24 h. These events only had durations and spatial extents of a few hours and km2, re-
spectively. 
 
In order to observe these small-scale events and gain knowledge of their structure and variability, 
spatially and temporally high-resolution measurements are crucial. Rain gauge networks provide 
time series of more than a century, but despite a comparably dense network in Germany, not all of 
these small-scale heavy precipitation events are actually captured. According to Orlanski (1975) 
cumulus clouds and deep convection that are responsible for extreme short-term rainfall events 
have a spatial extent in the range of 1 km and last 30 mins up to a few hours. Frontal systems that 
can bring long lasting moderate to heavy rainfall occur on spatial scales of more than 100 km and 
last a day or longer. Therefore, Borga et al. (2006) concluded that the typical monitoring scale of 
rain gauge networks allows for observing mesoscale convective systems and fronts, but resolving 
convective cells requires monitoring capabilities of weather radars. 
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In contrast to in-situ observations with rain gauges, weather radars provide reliable areal observa-
tions and also information on the spatial variability and the extent of precipitation but their time se-
ries are rather short. Nevertheless, meanwhile there are a number of cases where radar observa-
tions have recently been tested for their potential to support climatological studies. Data from na-
tionwide radar networks have been reprocessed in the last decade. Overeem et al. (2009) pre-
sented a 10-year data set of rainfall depths with 1, 2, 4, 8, 12 and 24 hours duration from the Dutch 
weather radar network, Tabary (2007) introduced another 10-year climatology derived from precipi-
tation estimates of the French radar network. Other climatologies from single radars are available 
for Belgium (Goudenhoofdt and Delobbe, 2016) and Denmark (Thorndahl, 2014). 
 
Since 2001 (2013) the Deutscher Wetterdienst (DWD) operates a nationwide network of 16 (17) C-
band weather radar systems. A climatology for Germany has been generated from this 17-year ra-
dar-based precipitation dataset permitting the analysis of extreme rainfall events for different dura-
tions D and return periods T as well as their spatial distribution and extent on a 1 km x 1 km grid 
(Winterrath et al., 2018a). The climatology has two unique features: Firstly the corresponding set of 
reprocessed radar data is freely available as a DOI referenced data set at Winterrath et al. 
(2018b). Secondly, DWD updates this data set regularly by appending the most recent year while 
reprocessing the entire period since its start of coverage at 1st January 2001. In this study the radar 
climatology for Germany is used to investigate the characteristic spatial extent of daily and hourly 
rainfall events in Germany and to identify correlated regions in terms of precipitation. 
 
2. Methods 
 
The aim of this study is to characterise the typical spatial extent of daily and hourly precipitation 
events. In case of daily accumulation the precipitation sum of the last 24 hours is taken for each 
hour, resulting in a dataset with 24 rainfall sums per day. Subsequently the correlation of each grid 
box with every other grid box of the German composite is computed for precipitation time series 
from 2001-2016. Only time steps with precipitation at both grid boxes are taken into account and 
the Spearman rank correlation is calculated to avoid the influence of very local heavy precipitation. 
Therefore, ranks are assigned to all n elements of the time series, starting with rank = 1 for the 
lowest up to rank = n for the highest precipitation amount. If the same rainfall amount occurs more 
than once, multiple assignments of a rank are possible. For rank vectors 𝑟1 and 𝑟2the Spearman 
correlation coefficient ρ is calculated as follows:  
 

𝜌 =  
𝐶𝑜𝑣(𝑟1, 𝑟2)

𝜎𝑟1
𝜎𝑟2

 , 

 
with 𝜎𝑟1

 and 𝜎𝑟2
 being the standard deviation of 𝑟1 and 𝑟2 and 𝐶𝑜𝑣(𝑟1, 𝑟2) their covariance. To deter-

mine the typical spatial extent of rain events, the correlation length is defined as the distance 
where the correlation coefficient drops to: 
 

𝜌𝑒 = 1 −
1

𝑒
 , 

 

with Euler’s number 𝑒. The distances between the chosen grid box and all grid boxes with correla-
tion coefficient ρe are then averaged to determine the spatial extent for rain events at the chosen 
grid box. 
 
3. Data 
 
Time series from a 16-year precipitation climatology derived from the 17 C-band radars of the na-
tionwide network operated by DWD are used in this study. The radar data has been reprocessed to 
ensure for a homogeneous data set. Several algorithms for radar data correction, e.g. clutter filters, 
correction of signal reduction with distance and height, attenuation and beam blockage have been 
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applied. A composite of all radars is then computed on a 1 km x 1 km grid. Furthermore, an adjust-
ment to rain gauge data is performed using the real-time RADOLAN algorithm (Winterrath et al., 
2012). Climatologies are available in 5 and 60 minutes temporal resolution. More information on 
the radar climatology can be found in Winterrath et al. (2018a) in this issue. 
 
Despite a composite resolution of 1 km, correlation has been calculated on a 5 km grid due to com-
putational reasons. Within each 5 km x 5 km box, the 90th percentile of precipitation amounts of the 
25 composite boxes is chosen to minimise possible influences of remaining artefacts in the radar 
data. 
 
4. Results 
 
The radar based climatology indicates that strong daily precipitation events are correlated with to-
pography, while short term events can occur merely everywhere regardless of topography (Winter-
rath et al., 2018a). This is illustrated by an example for a grid point in the Harz Mountains in central 
Germany in Figure 1. For daily precipitation (Figure 1a) the grid point correlates better with other 
high-altitude regions, e.g. the Black Forest in South-West Germany or the Thuringian Forest in 
Central-East Germany, than with their surrounding flatlands. A similar but less pronounced pattern 
can be seen for hourly precipitation, but the correlation coefficient is much lower, indicating that, in 
comparison to daily rainfall, hourly precipitation events only affect a limited region. The correlation 
length (drop in correlation to 1-1/e, marked in yellow in Figure 1) indicates that spatial extents are 
approximately four times smaller for durations of 1 hour than for durations of 24 hours.  
 

 
 
Figure 1: Correlation of (a) daily and (b) hourly precipitation time series between a point in central 
Germany (X=97, Y=127) and all other grid points from 2001-2016. 
 
Figure 2 depicts maps of mean correlation lengths of all grid boxes in Germany for daily and hourly 
precipitation. Typical spatial extents of daily precipitation are between 50 and 100 km (Figure 2a), 
whereas for hourly precipitation the typical spatial extent amounts to around 14 to 20 km (Figure 
2b). The histogram of the mean correlation lengths for all grid boxes in Figure 3 indicates that spa-
tial extents for daily precipitation go up to 120 km but the median amounts to approximately 68 km. 
The median for hourly precipitation is four times smaller with 17 km and a maximum of 35 km. 
 
The maps of correlation length in Figure 2 also reveal regions of similar characteristics of rain 
events, e.g., mountainous regions in South-West and Central Germany. The main tracks of frontal 
systems in Western Europe are oriented from south-west to north-east. Largest spatial extents for 
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daily rainfall can be found in the rather flat part of North-West Germany, where frontal systems 
come from the comparably flat regions in the Netherlands and Belgium, and in the Alpine region. In 
North-East Germany the typical spatial extent of daily rain events is comparably short because the 
frontal systems are blocked by mountain ranges in Central Germany. Therefore, local convective 
systems can develop in this area, leading to larger spatial extents of hourly rainfall in the North-
East than in the North-West of Germany (Figure 2b). 
 

 
Figure 2: Mean correlation length in km for (a) daily and (b) hourly precipitation in Germany from 
2001-2016. 
 
 

 
Figure 3: Histogram of the mean correlation length for daily (green bars) and hourly (blue bars) 
precipitation in Germany from 2001-2016. 
 
5. Conclusions 
 
Typical spatial extents of daily and hourly rainfall events have been investigated in Germany based 
on a 16-year radar climatology. Hourly heavy precipitation is mainly due to convective systems that 
develop locally and affect only a limited area, while heavy daily precipitation is mostly tied to large 
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frontal systems. Therefore, the spatial extent of daily rainfall is smaller in the North-East than in the 
North-West of Germany, where large frontal systems are not blocked by mountain ranges. In con-
trast, convective systems with rather short lifetimes can better develop in the shielded area of 
North-East Germany leading to larger spatial extents for hourly precipitation events here than in 
the North-West. The typical spatial extent of daily rainfall events amounts to 68 km, while hourly 
precipitation events only affect a region within a 17 km radius on average. This corresponds more 
or less to the mean inter-station distance of the rain gauge network operated by DWD. Thus, this 
study underlines the importance of weather radar for observing and investigating small-scale struc-
ture of heavy short-term precipitation events.  
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