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1 Introduction to product H02B (P-IN-MHS) 

1.1 Sensing principle 

The product P-IN-MHS is based on the instruments AMSU-A and MHS flown on NOAA and 

MetOp satellites. These cross-track scanners provide images with constant angular sampling across 

track, that implies that the IFOV elongates (EFOV) as the beam moves from nadir toward the edge 

of the scan (see Figure 1).  The fifteen channel frequencies of the AMSU-A instrument are 23.8, 

31.4, 50.3, 52.8, 53.6, 54.4, 54.94, 55.5, 57.29, 5@57.29±DF±Df and 89 GHz (where ±DF±Df 

represents either double or quadruple symmetric sideband frequency positions along the 57.29 GHz 

O2 lineôs wing -- necessary for temperature sounding), while the five frequencies of the MHS 

radiometer are 89, 157, 183.31±1, 183.31±3 and 190.311 GHz.  The EFOV resolutions / shapes are 

a function of the radiometer, the view angle and the height of the satellite, where shape is expressed 

in terms of cross-track (CT) and down-track (DT) elliptic dimensions.  Both the AMSU-A and 

MHS radiometers use their own common beam sizes, specific to each radiometer, unvarying with 

respect to channel frequency, i.e., the EFOV resolutions are independent of the frequency 

dependent diffraction limits.  For example, for the AMSU-A radiometer at a nominal satellite height 

of 833 km, the nadir and scan edge EFOV resolutions / shapes, respectively, are 49.33-CT x 48.17-

DT km2 / near-circular and 179.89-CT x 80.8-DT km2 / extreme-ovate, while for the MHS 

radiometer at the same satellite height, the nadir and scan edge EFOV resolutions / shapes, 

respectively, are 20.36-CT x 16.59-DT  km2 / mild-ovate and 67.14-CT x 27.91-DT km2 / extreme-

ovate. 

  
Figure 1: Geometry of cross-track scanning for AMSU 

 

Since the incidence angle changes moving cross-track, the effect of polarisation also changes, thus 

the information stemming from dual polarisation would be very difficult to be used, and in effect 

the various frequencies are observed under a single polarisation, V or H.   

The NOAA satellites are managed by NOAA, MetOp by EUMETSAT. Both NOAA and MetOp 

provide direct-read-out.  
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1.2 Algorithm principle 

The baseline algorithm for P-IN-MHS processing is described in ATBD-02B.  Only essential 

elements are highlighted here.   

 

BfG German Federal Institute of Hydrology 

CAPPI Constant altitude plan position indicator 

CSI Critical Success Index 

DE Germany 

DPC Italian Department of Civil Protection 

ECMWF European Centre for Medium-Range Weather Forecasts 

EFOV pixel Extension Field Of View 

ENAV Italian air navigation service provider 

FAR False Alarm Ratio 

FMI Finnish Meteorological Institute 

 illustrates the flow chart of the AMSU-A / MHS processing chain. 

 

 
 

The first step is to enhance the resolution of the AMSU-A image by extracting high-spatial-

frequency content from the MHS image and implementing fusion.  Then a number of manipulations 

are applied to report the viewing geometry changing across the image, to vertical viewing.  The 

precipitation retrieval process is based on a Neural Network. 

In the initial product release the Neural Network had been trained by selected radars of the 

NEXRAD network.  In the current release the Neural Network is trained by a Cloud-Radiation 

Database (CRD) built by applying a Radiative Transfer Model (RTM) to simulated cloud systems 

derived by a Cloud Resolving Model (CRM). 

 

AMSU-A (~48 km) 
 

MHS (~16 km) 
 

AMSU-A (~16 km) 
 

Resampling AMSU-A to 
MHS grid  

Limb and surface 
correction based 

on Neural 
Network 

Cloud-Radiation 
Database from a CRM  
+ a RTM, used to train 
the Neural Network 

 

Retrieval algorithm 
based on a Neural 

Network 

PRECIPITATION 
RATE 

 

Figure 2: Flow chart of the AMSU-MHS precipitation rate processing chain. 
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1.3 Main operational characteristics 

The operational characteristics of P-IN-MHS are discussed in PUM-02.  Here are the main 

highlights. 

The horizontal resolution (Dx) is the convolution of several features (sampling distance, degree of 

independence of the information relative to nearby samples, é).  To simplify matters, it is generally 

agreed to refer to the sampling distance between two successive product values, assuming that they 

carry forward reasonably independent information. The horizontal resolution descends from the 

instrument Instantaneous Field of View (IFOV), sampling distance (pixel), Modulation Transfer 

Function (MTF) and number of pixels to co-process for filtering out disturbing factors (e.g. clouds) 

or improving accuracy.  It may be appropriate to specify both the resolution Dx associated to 

independent information, and the sampling distance, useful to minimise aliasing problems when 

data have to undertake resampling (e.g., for co-registration with other data). 

AMSU-A and AMSU-B/MHS have constant resolution with frequency (different for AMSU-A, 48 

km at nadir, and AMSU-B/MHS, 16 km at nadir), degrading across-scan (80 x 150 and 27 x 50 km2 

respectively, at the very edge of scan).  Lower resolution AMSU-A data are resampled over the 

AMSU-B/MHS grid by means of bilinear interpolation. The product resolution corresponds to the 

nominal resolution of MHS, varying with the viewing scan angle from 16 x 16 km2 / circular at 

nadir to 26 x 52 km2 / ovate at scan edge.  The sampling distance also varies with viewing scan 

angle and corresponds to the sampling geometry of MHS (1.1 degrees), which corresponds to 16 

km at nadir. 

The observing cycle (Dt) is defined as the average time interval between two measurements over the 

same area.  In general, the area is, for GEO, the disk visible from the satellite, for LEO, the Globe.  

In the case of H-SAF we refer to the European and African areas (LAT 60°S - 75°N, LON 60°W - 

60°E).  In the case of LEO, the observing cycle depends on the instrument swath and the number of 

satellites carrying the addressed instrument. 

Due to a defective channel of AMSU-A on MetOp-A, this satellite was not used in the previous 

versions of P-IN-MHS. In P-IN-MHS MetOp-A is used because the software handles the channel 

correction using a neural network approach.  It is important to note that P-IN-MHS provide 

precipitation observations at times complementary to P-IN-OBA-SSMIS, that utilises SSMIS on 

DMSP satellites.  Nominally, there are four DMSP satellites, but because of overlapping orbits, 

narrow instrument swath, and several instruments defectively operating, the effective number is 

equivalent to three (F16, F17, and F18).  The sequence of Local Satellite Time (LST) at the equator 

is shown in next table:  

 
Satellite Launch End of service Height LST Status Instruments for P-IN-MHS 

MetOp-A (***) 19 Oct 2006 expected ² 2018 817 km 09:31 d Operational AMSU-A (defective), MHS 

MetOp-B 17 Sep 2012 expected ² 2023 817 Km  09:30 d Operational AMSU-A, MHS 

NOAA-18 20 May 2005 expected ² 2016 870 km 14:00 a Operational AMSU-A, MHS 

NOAA-19 (**) 6 Feb 2009 expected ² 2016 870 km 14:00 a Operational AMSU-A, MHS (defective) 

 (**)   NOAA-19 still used: defect of MHS stable, small impact on precipitation retrieval. 
(***)  MetOp-A is used, P-IN-MHS (ver. 2.4) software handles the corrupt AMSU-A channel 

Table 1: Current status of NOAA and MetOp satellites (as of April 2017) 

The timeliness (d) is defined as the time between observation taking and product available at the 

user site assuming a defined dissemination mean.  The timeliness depends on the satellite 

transmission facilities, the availability of acquisition stations, the processing time required to 
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generate the product and the reference dissemination means.  In the case of H-SAF the 

dissemination tool is EUMETCast.  

After adding the processing time we have d ~ 0.5 h 
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2 Validation strategy, methods and tools 

 

This section presents the Validation Report for H02B product. 

 

2.1 Validation team and work plan 

To evaluate the satellite precipitation product accuracy, a Validation Group has been established by 

the beginning of the Validation Phase in the H-SAF project. The Precipitation Product Validation 

team is composed of experts from the National Meteorological and Hydrological Institutes of 

Belgium, Bulgaria, Germany, Hungary, Italy, Poland, Slovakia, and Turkey (Table 2). Hydrologists, 

meteorologists, and precipitation ground data experts, coming from these countries are involved in 

the product validation activities (Table 3). 

 

 
Table 2: Structure of the Precipitation products validation team. 

 

Validation team for precipitation products 

Silvia Puca (Leader) Dipartimento Protezione Civile (DPC) Italy silvia.puca@protezionecivile.it 

Marco Petracca Dipartimento Protezione Civile (DPC) Italy Marco.Petracca@protezionecivile.it  

Gianfranco Vulpiani Dipartimento Protezione Civile (DPC) Italy gianfranco.vulpiani@protezionecivile.it 

Alexander Toniazzo Dipartimento Protezione Civile (DPC) Italy alexander.toniazzo@protezionecivile.it 

Emanuela Campione Dipartimento Protezione Civile (DPC) Italy emanuela.campione@protezionecivile.it 

Emmanuel Roulin Institut Royal Météorologique (IRM) Belgium Emmanuel.Roulin@oma.be 

Pierre Baguis Institut Royal Météorologique (IRM) Belgium pierre.baguis@meteo.be 

Eram Artinian 

National Institute of Meteorology and 

Hydrology (NIMH)  Bulgaria eram.artinian@meteo.bg 

Hristo Chervenkov 

National Institute of Meteorology and 

Hydrology (NIMH)  Bulgaria Hristo.Tchervenkov@meteo.bg 

Asta Kunkel Federal Institute of Hydrology (BfG) Germany Asta.Kunkel@bafg.de 

Peter Krahe Federal Institute of Hydrology (BfG) Germany krahe@bafg.de               

Márta Diószeghy 

Hungarian Meteorological Service 

(OMSZ) Hungary dioszeghy.m@met.hu 

Ildikó Szenyán 

Hungarian Meteorological Service 

(OMSZ) Hungary szenyan.i@met.hu 

Federico Porcu' 

Department of Physics and Astronomy, 

University of Bologna (UniBo) Italy  federico.porcu@unibo.it 

Bozena Lapeta 

Institute of Meteorology and Water 

Management (IMWM) Poland  Bozena.Lapeta@imgw.pl 

Rafal Iwanski 

Institute of Meteorology and Water 

Management (IMWM) Poland  Rafal.Iwanski@imgw.pl 

J§n KaŔ§k 

Slovak Hydrometeorological Institute 

(SHMÚ) Slovakia  jan.kanak@shmu.sk 

mailto:silvia.puca@protezionecivile.it
mailto:Marco.Petracca@protezionecivile.it
mailto:gianfranco.vulpiani@protezionecivile.it
mailto:alexander.toniazzo@protezionecivile.it
mailto:emanuela.campione@protezionecivile.it
mailto:Emmanuel.Roulin@oma.be
mailto:pierre.baguis@meteo.be
mailto:eram.artinian@meteo.bg
mailto:Hristo.Tchervenkov@meteo.bg
mailto:Asta.Kunkel@bafg.de
mailto:krahe@bafg.de
mailto:dioszeghy.m@met.hu
mailto:szenyan.i@met.hu
mailto:federico.porcu@unibo.it
mailto:Bozena.Lapeta@imgw.pl
mailto:Rafal.Iwanski@imgw.pl
mailto:jan.kanak@shmu.sk
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The Precipitation products validation programme started with a first workshop in Rome, 20-21 June 

2006, soon after the H-SAF Requirements Review (26-27 April 2006).  The first activity was to lay 

down the Validation plan, that was finalised as first draft early as 30 September 2006. After the first 

Workshop, other ones followed, at least one per year to exchange experiences, problem solutions 

and to discuss possible improvement of the validation methodologies. Often the Precipitation 

Product Validation workshop are joined with the Hydrological validation group. 

 The results of the Product Validation Programme are reported in this Product Validation Report 

(PVR) and are published in the validation section of the H-SAF web page. A new structure and 

visualization of the validation section of H-SAF web page is in progress to consider the user needs. 

This validation web section is continuously updated with the last validation results and studies 

coming from the Precipitation Product Validation Group (PPVG). 

In the Validation Workshop hosted by Slovenský Hydrometeorologický Ústav in Bratislava, 20-22 

October 2010 it was decided to introduce several Working Groups to solve specific items of 

validation procedure and to develop software used by all members of the validation cluster.  The 

coordinators and the participants of the working groups are members of the PPVG or external 

experts of the institutes involved in the validation activities. Results obtained by the Working 

Groups are here reported. 

 

2.2 Validation objects and issues 

The products validation activity has to serve multiple purposes: 

¶  to provide input to the product developers for improving calibration for better quality of 

baseline products, and for guidance in the development of more advanced products; 

¶ to characterise the product error structure in order to enable the Hydrological validation 

programme to appropriately use the data;  

¶ to provide information on product error to accompany the product distribution in an open 

environment, after the initial phase of distribution limited to the so-called ñbeta usersò. 

 

Validation is obviously a hard work in the case of precipitation, both because the sensing principle 

from space is very much indirect, and because of the natural space-time variability of the 

precipitation field (sharing certain aspects with fractal fields), that places severe sampling problems.   

It is known that an absolute óground referenceô does not exist. In the H-SAF project the validation is 

based on comparisons of satellite products with ground data: radar, rain gauge and radar integrated 

with rain gauge. During the Development phase some main problems have been pointed out. First 

of all, the importance to characterize the error associated to the ground data used by PPVG. 

Secondly to develop software for all steps of the Validation Procedure, a software available to all 

the members of the PPVG. The radar and rain gauge Working Group (WG) have been composed in 

order to solve these problems. The first results obtained by the working groups are reported in the 

following sections. In addition to the radar and rain gauge WG other WG have been composed on: 

integrate various sets of precipitation data sources ï raingauge network, radar network, NWP 

models outputs and climatological standards into common precipitation product, which can describe 

the areal instantaneous and cumulated precipitation fields (INCA -WG) and to investigate the 

ōuboslav Okon 

Slovak Hydrometeorological Institute 

(SHMÚ) Slovakia  luboslav.okon@shmu.sk 

Ahmet Öztopal Istanbul Technical University (ITU) Turkey  oztopal@itu.edu.tr 

Table 3: List of the people involved in the validation of H-SAF precipitation products 

mailto:luboslav.okon@shmu.sk
mailto:oztopal@itu.edu.tr
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opportunity to create geographical maps of error distribution for providing information on test 

catchments to the Hydrological Validation Group (GEO MAP ïWG). 

 

In CDOP-3, with the release of more than 30 products over the MSG full disk area, the Validation 

Cluster had to develop new methodologies to compare precipitation estimates on almost global area 

coverage. The Associated Scientist analysis (H_AS16_03 DPC/CNR-ISAC 2016) has been 

identified the DPR (Dual-frequency Precipitation Radar) onboard of GPM-CO (Global Precipitation 

Measurement ï Core Observatory) satellite as worthy instrument reference for the estimation of 

precipitation on a global scale. In particular, the 2A-DPR NS V05 was considered as most suitable 

product for potential use within the H-SAF Precipitation Product Validation activity.  

For more details, refer to the AS document: http://hsaf.meteoam.it/documents/visiting-

scientist/Final_Report_Stefano_Sebastianelli.pdf 

 

In the next 2.3 and 2.4 sections, the validation methodologies together to ground data and DPR 

products used as reference to perform the comparison between satellite precipitation estimates, are 

described. 

 

2.3 Validation methodology respect to ground reference data 

From the beginning of the project it was clear the importance to define a common validation 

procedure in order to make the results obtained by several institutes comparable and to better 

understand their meanings. The main steps of this methodology have been identified during the 

development phase inside the validation group, in collaboration with the product developers, and 

with the support of ground data experts. This common procedure has given rise to a single common 

code for all members of the PPVG, named Unique Common Code (UCC). This common validation 

methodology is based on ground data (radar and rain gauge) comparisons to produce large statistic 

(multi-categorical and continuous), and case study analysis. Both components (large statistic and 

case study analysis) are considered complementary in assessing the accuracy of the implemented 

algorithms. Large statistics helps in identifying existence of pathological behaviour, selected case 

studies are useful in identifying the roots of such behaviour, when present.  

The main steps of the validation procedure are:  

¶ ground data error analysis: radar and rain gauge; 

¶ point measurements (rain gauge) spatial interpolation; 

¶ up-scaling of radar data versus AMSU grid; 

¶ temporal comparison of precipitation products (satellite and ground); 

¶ statistical scores (continuous and multi-categorical) evaluation; 

¶ case study analysis. 

 

2.3.1 Ground data and tools used for validation 

Both rain gauge and radar data have been used for H02B validation. As said in the previous section 

during the Precipitation Product Validation Workshop held in Bratislava, 20-22 October 2010 it has 

been decided to set up Working Groups to solve specific items of the validation procedure and to 

develop software used by all members of the validation cluster. A complete knowledge of the 

ground data characteristics used inside the PPVG has been the first item of the working groups; this 

is necessary to understand the validation results and to define the procedure to select the most 

reliable data to represent a ñground referenceò. A complete report on the results obtained by the 

http://hsaf.meteoam.it/documents/visiting-scientist/Final_Report_Stefano_Sebastianelli.pdf
http://hsaf.meteoam.it/documents/visiting-scientist/Final_Report_Stefano_Sebastianelli.pdf
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Working Group on rain gauge, radar and ground data integration are reported in the Chapter 3 with 

a complete inventory of the ground data used within the PPVG.  

 

 
Figure 3: The network of 8,404 rain gauges used for H-SAF precipitation products validation 

 

The rain gauge networks of PPVG is composed of approximately 8400 stations across 8 Countries 

(Figure 3). A key characteristic of such networks is the distance between each raingauge and the 

closest one, averaged over all the instruments considered in the network and it is a measure of the 

raingauge density. Instruments number and density are summarized in the following Table 4.  
 

 

Country  Total number of gauges * Average minimum 

distance (km) 

Belgium 92 15.2 

Bulgaria 123 25.2 

Germany 2,299 12.9 

Hungary 270 17.0 

Italy  2,934 11.3 

Poland 540 24.0 

Slovakia 911 13.6 

Turkey 1,235 26.5 
* the number of raingauges could vary from day to day due to operational 

efficiency within a maximum range of 10-15%. 
Table 4: Number and density of raingauges within H-SAF validation Group 

 

Most of the gauges used in the National networks by the PPVG Partners are of the tipping bucket 

type, and hourly cumulated. 
 

71 C-band radars (Figure 4) are used by the H-SAF PPVG for assessing the satellite product 

accuracy. An inventory on radar data networks and products used in PPVG has pointed out that all 

the institutes involved in the PPVG declared the system are kept in a relatively good status and all 
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of them apply some correction factors in their processing chain of radar data. Only the radar data, 

which passes the quality control of the owner Institute, are used by the PPVG for validation 

activities. Please note that the Validation procedure is the same for all countries of PPVG. 

  

 

 
Figure 4: The networks of 71 C-band radars available in their H-SAF PPVG 

 

Instruments number and average minimum distance in each country are summarized in Table 5. 

 

Country  Total number of radar  
Average minimum 

distance (km) 

Belgium 1 - 

Bulgaria - - 

Germany 16 163 

Hungary 4 190 

Italy  22 141 

Poland 8 186 

Slovakia 4 137 

Turkey 16 253 
Table 5: Number and density of radars used by the H-SAF validation Group 

 

 

2.3.2 Common procedure for the validation 

The UCC developed by PPVG during CDOP-2 and improved in CDOP-3 has been used to validate 

satellite data respect to radar and rain gauge data considered as ground reference.  

 

2.3.2.1 Common procedure for the validation with RADAR data 

Selection of satellite pixels falling into the region of interest: 
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In order to avoid time-consuming useless calculation, every country restricts the validation to a 

specific Area of Interest (normally the area covered by the RADAR data of the country), which is 

detected implicitly by the common validation algorithm. 

 

Taking into account quality index information 

The UCC considers a quality index for each radar pixel. This quality information was used for 

validation purposes since CDOP2.  

 

Selection of the RADAR data synchronous with the satellite ones: 

The RADAR instantaneous image which is the closest in time, either preceding or ensuing the 

satellite time, is chosen. The image is chosen among the ones referring to the same month of the 

satellite (so no satellite file can be validated with RADAR file of the following or preceding month, 

even if closer in time), because validation is provided on monthly basis. If there is no RADAR file 

within 20 minutes from a satellite file, this is not validated. 

 

Up-scaling of RADAR data at the resolution of the native satellite grid 

A grid in which every cell is centred around an IFOV is constructed, so that all the radar pixels are 

assigned to a certain cell, and the satellite measurement is validated with the average of the radar 

pixels falling into the corresponding cell. 

The edge of radar horizon, where only part of satellite IFOV is covered by radar pixels from 

validation, is excluded. 

 

Calculation of corresponding satellite and RADAR rain rate values 

For each single satellite file, a separate up-scaling procedure reads the look up table and assigns to 

each satellite pixel the RADAR rain rate average calculated from the values of the radar pixels 

belonging to the satellite pixel in the look-up table. 

Averaging is simply arithmetical; as investigations so far have shown that the averaging method 

does not have an impact on the statistical scores. 

The flag indicating if the satellite pixel is coast, land or sea is matched to each satellite-radar data 

pair calculated in this step. 

 

2.3.2.2 Common procedure for the validation with RAIN GAUGE data 

 

Selection of satellite pixels falling into the region of interest: 

In order to avoid time-consuming useless calculation, every country restricts the validation to a 

specific Area of Interest (normally the area covered by the rain gauge data of the country), which is 

detected implicitly by the common validation algorithm. 

 

Selection of rain gauge data synchronous with the satellite ones 

Gauges with different cumulation intervals are considered, and if the interval is longer than the time 

resolution of the product (15 minutes), more satellite images are averaged. 

 

interpolation of the rain gauge data: 

All partners of the Validation Group have been used the same interpolation technique, named 

GRISO, to get spatially continuous rainfall maps (over 5x5 km grid) from individual gauge 

measurements.  

 

The GRISO technique is the interpolation method chosen for the common validation.  
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Taking into account quality index information 

GRISO technique produces a quality index map for each instantaneous acquisition. This quality 

information was used for validation purposes in CDOP2. 

 

 

matching between satellite and rain gauge data: 

The satellite data is matched with the rain gauge interpolated grid using the nearest-neighbour 

method.  

 

 

2.3.3 Techniques to make observation comparable 

From the first Validation Workshop in 2006 it has been decided that the comparison between 

satellite product and ground data has to be on satellite native grid. Generally, one or two rain gauges 

are in a AMSU/MHS pixel, but radar instruments provide many measurements within a single 

satellite pixel. For this reason, an up-scaling technique is necessary to compare radar data with the 

H02 precipitation estimations on the satellite native grid. 

 

The precipitation data in the retrieval product (H02B) is based on the instruments AMSU-A and 

AMSU-B or MHS flown on NOAA and MetOp satellites.  These cross-track scanners provide 

images with constant angular sampling across track, that implies that the IFOV elongates as the 

beam moves from nadir toward the edge of the scan. The elongation is such that: 

¶ for AMSU-A the IFOV at nadir is: 48 x 48 km2, at the edge of the 2250 km swath: 80 x 150 

km2; 

¶ for AMSU-B and MHS the IFOV at nadir is: 16 x 16 km2; at the edge: 27 x 50 km2. 

 

H02B follows the scanning geometry and IFOV resolution of AMSU-B scan, so that each pixel 

along the scan has a precipitation value representative for an elliptical region (see next figure). 

 

                          
Figure 5: Geometry of cross-track scanning for AMSU-B/MHS 

 

2.3.3.1 Average of hi-res ground validation data 

Radar instruments provide many measurements within a single AMSU pixel. Those measurements 

should be averaged following the AMSU-B antenna pattern. 

  

½ Establish the size in km of the axis for each elliptic FOV. You will have N=90 couples of 

values (Fxn, Fyn)  
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½ Define a 2-dimensional Gaussian surface (matrix G(NxN)), having resolution R (pixel size) 

RÒradar resolution, and elliptical section at half high having axis (Exn, Eyn) equal to the 

correspondent FOV (i.e. Exn = Fxn and Eyn = Fyn, see figures below; note that if the Radar 

resolution is 1km, 1px=1km) 

 

 
Figure 6: Left) Gaussian filter ς Right) section of gaussian filter 

 

½ If the matrix NxN is too large, it can be reduced to a MxK  matrix until the pixels (1,C), 

(C,1), (N,C), (C,N) are less than (C,C)/100  

 
(1,1)  (é)  (1,C)  (é)  (1,N)  é    0.24    é 

             0.25     

(é)                  

             é     

(C,1)    (C,C)    (C,N)  0.23 0.25 é 25 é 0.25 0.23  

             é     

(é)                  

             0.25     

(N,1)  (é)  (N,C)  (é)  (N,N) é    0.24    é 

 

Table 6: Left) Original Gaussian matrix ς Right) Reduced matrix to dimensions MxK 

 

½ Normalize the matrix G (MxK) obtaining the matrix Gô having the sum of all elements 

equal to 1: 

 

                                               M K

m 1k 1

G m k
G m k

G m k

( , )
'( , )

( , )

= =

=

ää
 

  

2.3.3.2 Smoothing of radar precipitation 

For each FOV and for each SCANLINE in the file H02B, make the gaussian filter overlapping 

radar data so that the central pixel (C,C) corresponds to (H02lat, H02lon) and the y axis has the same 

direction of the scanline. 

 

Multiply each element of Gô for the closest radar measurements (RRhigh(lat,lon)), and sum the 

products:  
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Following this procedure, it is obtained, for each FOV and SCANLINE, a value RRlow. 

RRlow(FOV,SCANLINE)  which represents the matrix of validation used versus  AMSU-B 

estimates.  

This scheme has been suggested by the precipitation developers of CNR-ISAC and it has been 

adopted by the PPVG. 

 

2.3.3.3 Temporal comparison of precipitation intensity  

Taking to account the revisiting time of the H02B (3,4 hours) it was decided (during the first 

validation workshop in 2006) to perform a direct comparison between the satellite and radar 

precipitation intensity maps. The revisiting time of the product does not allow to have a sensible 

accumulated precipitation map on 1-24 hours.  

In the PPVG the satellite product is compared with the closest (up-scaled) radar and rain gauge data 

in time. The satellite time is considered the time in the BUFR file, provided by COMET, when 

validation area is first reached.  

 

2.4 Validation methodology respect to DPR products 

As the validation with respect to ground data, even this methodology was developed in communion 

with European experts belonging to the VC. But, differently from the first one, this is not performed 

by all countries but only by Italian DPC because all DPR products are freely available from GPM 

website. 

The main steps of the validation procedure are:  

¶ regridding of DPR and H-SAF data versus a regular 0.5° equi-distance grid; 

¶ temporal and spatial matching between precipitation products; 

¶ statistical scores (continuous and multi-categorical) evaluation; 

The methodology, as the previous one, produces large statistic (multi-categorical and continuous) 

scores. 

 

2.4.1 DPR products used for validation 

The spatial coverage of both rain gauge and ground radar networks is not suitable to detect 

precipitation on a global scale. At the contrary, satellite observations provide estimates on a 

synoptic scale, although there are some issues related to their accuracy. It was discussed in the 

Visiting Associated analysis in comparison with ground radar network. The DPR is a Dual 

frequency Precipitation Radar located on board of the GPM Core Observatory (Figure 7). It uses the 

Ka (~35 GHz) and Ku bands (~13 GHz) to construct three-dimensional precipitation and drop size 

distribution maps. The GPM Core Observatory flies in a non-sun-synchronous orbit at 65° 
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inclination to cover a larger latitudinal extension with respect to the TRMM orbit, which extended 

from 35°S to 35°N. Both Ku- and Ka-band radars perform cross-track type scans (perpendicular to 

the direction of the satellite motion) estimating the precipitation during the day and the night over 

land and ocean. The Ku-band radar performs a normal scan (NS) acquisition mode that is composed 

by 49 footprints (IFOV) of 5 km in diameter. In fact, away from the scanning center, footprints tend 

to widen and overlap (edge effects) because of a geometric distortion. The term swath indicates the 

width of each scan of 245 km. The range resolution is 250 m. The Ka-band radar can perform a 

matched scan (MS) or a high sensitivity scan (HS) acquisition mode. The MS footprints match the 

central 25 footprints of the Ku-band and the range resolution is 250 m. Therefore, MS scan is 

composed of 25 footprints of 5 km in diameter and the swath is 125 km. When Ka-band radar 

operates in HS mode footprints are interlaced with the matched beams, the range resolution is 500 

m and there are 24 footprints along a swath. Figure shows the different DPR scanning modes with 

respect the flight direction.  

It must to be noted that the range resolution is different from the spatial resolution. In fact, the 

sampling is carried out for 19 km above the sea level and then along the vertical there are many 

footprints of 250 m height (range resolution). In addition, footprint size decreases as the sampling 

height increases due to the antenna aperture. The sampling distance between the centers of two 

adjacent footprints is 5.2 km, and it is constant throughout the scan to the edges. Apart the other 

problems which affects the DPR estimates, the main issues deal with the attenuation and the ground 

clutter. The K-band radar estimates are affected by attenuation when they sample through very 

intense precipitations (convective cells). Ground clutter is a non-meteorological echo which causes 

an overestimate of precipitations. 

DPR products (level 2A) referred to single frequency radar are 2A-Ku, 2A-Ka-MS and 2A-Ka-HS, 

as showed in Figure 8. Three different DPR products combining Ka and Ku bands precipitation rate 

estimates (prEs) also exist depending on the IFOV to which data are referred. The IFOV can be 

related to the NS Ku-band, or to the MS or HS Ka-band, and the corresponding DPR products for 

prEs are 2A-DPR-NS, 2A-DPR-MS and 2A-DPR-HS, respectively. Results of Visiting Associated 

activity highlight as 2A-DPR-NS product performs better with respect to ground-based radar 

estimates. For this reason, the prEs by 2A-DPR-NS product (hereafter also referred as DPR-NS) 

was used as precipitation reference to validate the H-SAF satellite precipitation products.  
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Figure 7: The GPM Core Observatory and the GMI and DPR ground tracks. 

 

 
Figure 8: Different DPR scanning modes with respect to the flight direction.  

The Normal Scan corresponds to Ka-band radar,  
whereas matched and high sensitivity scans are performed by Ka-band radar. 
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2.4.2 Common procedure for the validation with DPR-NS 

The comparison between DPR-NS and H-SAF precipitation products is performed following the 

procedure below described. 

 

Selection of synchronous data (first check) 

DPR filenames contain the orbit start and finish time, while HSAF filenames detect the acquisition 

start time inside the area of interest. Only files with consistent time intervals are considered and 

evaluated to avoid time-consuming useless computation.  

 

Data re-gridding over regular grid 

Both, DPR and H-SAF data are re-gridded over the same equi-distance 0.5° grid. All satellite 

parameter (continuous) values are averaged over the new grid cell. For discrete parameters (such as 

sea/coast/land flag or precipitation phase flag) the most frequent value is considered. 

 

Temporal and spatial matching between the two regridded data 

DPR and H-SAF gridded data are matched in time and in space. Only overlapping grid cells with 

maximum time difference within 15 minutes are stored and evaluated for statistical score analysis. 

 

2.5 Large statistic  

The large statistical analysis allows to point out the existence of pathological behaviour in the 

satellite product performance. The application of the same validation technique step by step is 

guaranteed in all institutes take part of the PPVG and in both validation methodologies above 

described. 

The large statistical analysis in PPVG is based on the evaluation of monthly and seasonal 

Continuous verification and Multi -Categorical statistical scores on one full year of data. It was 

decided to evaluate both continuous and multi-categorical statistics to give a complete view of the 

error structure associated to the H-SAF product. Since the accuracy of precipitation measurements 

depends on the type of precipitation or, to simplify matters, on the intensity, the verification is 

carried out on three precipitation classes as descripted in Table 7. 
 

Precipitation  
Rate Classes 

1 2 3 

Ó 1 mm/h Ó5  mm/h Ó 10 mm/h 

Table 7: Classes for evaluating Precipitation Rate products 

 

The impact of different background is also considered in the product performances. Statistical 

scores are separately computed for land, sea and coast areas. The Precipitation Product Validation 

Leader collects all validation results as computed by European institutes, verifies the consistency of 

these results and evaluates the monthly and seasonal common statistical results as reported in 

Chapter 5. 

 

2.5.1 Continuous statistics 

Continuous statistics are provided for each month and season of assessment. The main statistical 

scores are here listed: 

Score Acronym Range 
Perfect 
score 

Calculation 

Number of satellite 
samples 

NS N.A. N.A. N.A. 
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Score Acronym Range 
Perfect 
score 

Calculation 

Number of radar/rain 
gauge samples 

NR N.A. N.A. N.A. 

Mean Error or Bias ME - қ ǘƻ қ 0 
 

Mean Absolute Error 

 
MAE л ǘƻ қ 0 

 

Standard Deviation 

 
SD л ǘƻ қ 0 

 

Multiplicative Bias 

MBias 

or MB  

or Bias 

- қ ǘƻ қ 1 

 

Root Mean Square Error 

(or Root Mean Square 
Difference) 

RMSE or 
RMSD 

л ǘƻ қ 0 
 

Fractional Standard Error 
(%) 

FSE л ǘƻ қ 0 FSE = [RMSE / <obs>] *100% 

Table 8: Continuous statistics scores 

 

In the Table 8, the index ñkò represents the spatial and temporal grid point at the scale of the 

common reference grid. ñò and ñò represent the observed (or estimated) rainfall 

respectively by reference and satellite sensors. 

 

2.5.2 Multi Categorical statistics 

Multi categorical statistics are derived by the following contingency table: 

 

   Observation  

  yes no total 

 yes hits false alarms forecast yes 

Satellite no misses correct negatives forecast no 

 total observed yes observed no total 

Table 9: Multi-categorical statistics contingency table 

 

where:  

hit:    SatkÓRth and ObskÓRth  

miss:   Satk<Rth and ObskÓRth  

false alarm:   SatkÓRth and Obsk<Rth  

correct negative:  Satk<Rth and Obsk<Rth 

Rth is the threshold between the ñrainò and ñno rainò conditions identified by a precipitation value 

of 0.25 mm/h for H02B. 

The scores evaluated from the contingency table are:  
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Score Acronym Range 
Perfect 
score 

Calculation 

Probability Of 
Detection 

POD 0 to 1 1 
 

False Alarm Rate FAR 0 to 1 0 
 

Critical Success 
Index 

CSI 0 to 1 1 
 

Table 10: Multi -categorical statistics scores 

 

2.6 Case study analysis 

Each institute, in addition to the large statistics verification, produces a case study analysis based on 

the knowledge and experience of the institute itself, following a standard format as below reported. 

The institute decides whether to use ancillary data such as lightning data, SEVIRI images, the 

output of numerical weather prediction and nowcasting products.  

The main sections of the standard format are: 

¶ description of the meteorological event; 

¶ comparison of ground data and satellite products; 

¶ visualization of ancillary data; 

¶ discussion of the satellite product performances; 

¶ indication on the ground data (if requested) availability into the H-SAF project. 

Case study analysis are reported in Chapter 4. 

  

yesobserved

hits

misseshits

hits
POD =

+
=

yesforecast

alarmsfalse

alarmsfalsehits

alarmsfalse
FAR =

+
=

alarmfalsemisseshits

hits
CSI

++
=
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3 Ground data used for validation activities 

3.1 Introduction 

In the following sections the precipitation ground data networks used in the PPVG are described: 

radar and rain gauge data the following countries: Belgium, Germany, Hungary, Italy, Poland, 

Slovakia, and Turkey. It is well known that radar and rain gauge rainfall estimation is influenced by 

several error sources that should be carefully handled and characterized before using these data as 

reference for ground validation of any satellite-based precipitation products.  

In this chapter a description of the ground data available in the PPVG is reported country by 

country.  chapter has the object to provide ground data information and to highlight their error 

sources. 

 

3.2 Ground data in Belgium (IRM) 

3.2.1 Radar Data 

The network 

Belgium is well covered with three radars (see Figure 9). Further radar is currently under 

construction in the coastal region.  

 
Figure 9: Meteorological radar in Belgium 

The instruments 
These are Doppler, C-band, single polarization radars with beam width of 1° and a radial resolution 

of 250 m. Data are available at 0.6, 0.66 and 1 km horizontal resolution for the Wideumont, 

Zaventem and Avesnois radars respectively. 

In this report, only the Wideumont radar has been used. The data of this radar are controlled in three 

steps.  

Data processing 
First, a long-term verification is performed as the mean ratio between 1-month radar and gauge 

accumulation for all gauge stations at less than 120 km from the radar. The second method consists 

in fitting a second order polynomial to the mean 24 h (8 to 8 h local time) radar / gauge ratio in dB 

and the range; only the stations within 120 km and where both radar and gauge values exceed 1 mm 
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are taken into account. The third method is the same as the second but is performed on-line using 

the 90 telemetric stations of the SETHY (Ministry of the Walloon Region). Corrected 24 h images 

are then calculated. New methods for the merging of radar and raingauge data have been recently 

evaluated (Goudenhoofdt and Delobbe 2009)1.In this report, only instantaneous radar images are 

used. 

 

3.3 Ground data in Bulgaria (NIMH)  

3.3.1 Rain gauge  

The network 

The maximum number of available manually measured daily accumulated rain gauges is up-to 300, 

irregularly distributed over the country. These stations are measured every day at 6:30 UTC by 

emptying the collected in the past 24hours rain.  

The hourly measuring automatic rain gauges are varying on daily basis and range from 70 units to 

130 units. Number of stations is varying mainly because in winter months not heating gauges data is 

discarded from the operational database when air temperature drops below 0° C. Other specific 

measurement errors that are detected by the operators as funnel clogging, sensor failure etc.  

 

The average minimum distance between closest stations is about 20 km. Most dense network of 

automatic gauges is built in South-Central Bulgaria where a number of European funded projects 

permitted to purchase and install more than 50 telemetric gauges. Spatial distribution of automatic 

gauges is described in (Naldzhiyan et al., 2017)2. One of main objectives was to consider mountain 

structures because of the need to measure snowfall accumulation in winter months.  

This points out that the distribution of gauges could be able to describe the spatial structures of 

precipitation fields in case of wintertime rainfall. This objective is reached in central and South 

Bulgaria but much less in Western and Eastern parts of the country. 

 

 
Figure 10: Spatial distribution of automatic telemetric gauges in Bulgaria (NIMH) 

 

                                                 
1 DƻǳŘŜƴƘƻƻŦŘǘ 9Φ ŀƴŘ [Φ 5ŜƭƻōōŜΣ нллфΥ ά9Ǿŀƭǳŀǘƛƻƴ ƻŦ ǊŀŘŀǊ-gauge merging methods for quantitative precipitation 
estimatesέΦ  IȅŘǊƻƭΦ 9ŀǊǘƘ {ȅǎǘΦ {ŎƛΦΣ 13, 195-203. 
2 bŀƭŘȊƘȅƛŀƴ !Σ DŜƻǊƎǳƛŜǾ hΦΣ !Ǌǘƛƴȅŀƴ 9ΦΣ нлмтΥ άCǊƻƳ ǘƘŜ ǎŜƴǎƻǊǎ ǘƻ ǘƘŜ ƳƻŘŜƭǎΣ ƛƴǘŜƎǊŀǘed hydro-meteorological 
systems in NIMH ς .!{Σ .ǳƭƎŀǊƛŀέΦ LƴǘŜǊƴŀǘƛƻƴŀƭ /ƻƴŦŜǊŜƴŎŜ ƻƴ !ǳǘƻƳŀǘƛŎ ǿŜŀǘƘŜǊ ǎǘŀǘƛƻƴǎ L/!²{-2017. 
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In following figure the distribution of working stations over Bulgaria is shown. 

 
 

Figure 11: Distribution of the automatic stations of the Bulgaria network collected by NIMH. 

 

The instruments ï hourly measuring rain gauges: 

½ About 50 raingauges are of weighing type so they can measure snowfall without heating; 

however some of them have orifice heating (where 220V supply is available). Examples of 

such sensors are Vaisala VRG101, SEBA TRW 200cm2 and SUTRON TPG 

½ About 80 raingauges are of tipping bucket type so they need 220 V supply to switch on the 

heater in winter conditions, however half of them are installed beside rivers so 220V supply 

is not available; The sensors types are mostly SEBA RG50, DELTA-OHM 400cm2 and 

MTX 400 cm2 

½ Most of the raingauges have a minimum detected quantity of 0.1 mm, others have 0.2 mm. 

½ The maximum rain rate (with acceptable quality) that can be measured by the gauges ranges 

between 33 and 120 mm-1 over one minute, depending on the manufacturer. 

 

The rainrate is measured over 1 minute and 1-hour accumulation intervals depending on the 

hardware specifications. 

 

At the moment, the NIMH officially provides only daily data from manually measured rain gauges. 

Shorter accumulation times could be available for scientific studies but not publicly distributed. 

 

The data processing 

Quality control is performed on the data, after daily visual comparison check, but only on YES/NO 

basis. When rain sensor fails it may be seen in few days or not be seen by the operators specially 

when it doesnôt rain.  

 

For NIMH internal usage hourly accumulated rain data is converted into 3 h sums and then 

interpolated using a kriging technique to 8 km regular grid. The method also incorporates the 24h 
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accumulated data from manually measured tin cans, thus enhancing the spatial and vertical quality 

of the field (Artinian et al., 2007)3. 

For H-SAF validations a subset of countryôs automatic gauges is used (between 70 and 90) because 

of the much denser network in South-Central Bulgaria ï an area of about 34000 km2. Other parts of 

the country have much sparse gauge networks, data from which is not suitable to be interpolated 

using the GRISO technique. 

 
Figure 12: The area in Bulgaria used for H-SAF validation with hourly accumulated rain data  

 

3.4 Ground data in Germany (BfG) 

The H-SAF products are validated for the territory of Germany by use of two observational ground 

data sets: SYNOP - precipitation data based on the network of synoptical stations, provided by the 

German Weather Service (DWD) and RADOLAN-RW - calibrated precipitation data based on the 

radar network of DWD and calibrated by DWD by use of measurements at precipitation stations. 

 
Data Number/Resolution Time 

interval 

Delay Annotation 

Synoptical 

stations 

~ 200 6h / 12h  Near-real-

time 

 

Precipitation 

stations 

~ 1100 hourly Near-real-

time 

Automatic precipitation stations 

RADOLAN  

RW 

16 German radar 

sites, 

~1 km x ~1 km 

1 hour, 

 
Near-real-

time 

Quantitative radar composite 

product RADOLAN RW (Radar 

data after adjustment with the 

weighted mean of two standard 

procedures) 

Table 11: Precipitation data used at BfG for validation of H-SAF products 

 

3.4.1 Rain gauge  

The network  

The data used are compiled from ~1300 rain gauges. About 1000 are operated by DWD while about 

300 are operated by other German authorities. The average minimum distance between stations is 

17 km.  

                                                 
3 !ǊǘƛƴȅŀƴΣ 9Φ Ŝǘ ŀƭΣ нллтΥ άaƻŘŜƭƭƛƴƎ ǘƘŜ ǿŀǘŜǊ ōǳŘƎŜǘ ŀƴŘ ǘƘŜ ǊƛǾŜǊƅƻǿǎ ƻŦ ǘƘŜ aŀǊƛǘǎŀ ōŀǎƛƴ ƛƴ .ǳƭƎŀǊƛŀέΣ aƻŘŜƭƭƛƴƎ 
the water budget and the riverflows of the Maritsa basin in Bulgaria. Hydrology and Earth System Sciences. 12. 
10.5194/hessd-4-475-2007. 
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The instruments 

The measurement instruments are precipitation sensors OTT PLUVIO of Company Ott4 5. They 

continually and precisely measure quantity and intensity of precipitation in any weather, based on 

balance principle with temperature compensation (heated funnel) and by an electronic weighing 

cell. The absolute measuring error is less than 0.04 mm for a 10 mm precipitation amount and the 

long-term (12months) stability is better than 0.06 mm. The operating temperature ranges from ï

30°C to +45°C. The minimum detected quantity (sensitivity) is 0,05 mmh-1. The maximum possible 

measured rain rate is 3000 mmh-1. The operational accumulation interval theoretically is one 

minute.  

 

The data processing 

Continuous, automatic measurement of liquid and solid precipitation data are collected, 

accumulated (intervals: from 1hour until 1day) and provided as SYNOP tables by DWD. These data 

are error corrected and quality controlled in four steps with checks of completeness, climatologic 

temporal/spatial consistency and marginal checks. 

                                  
Figure 13: (left): Network of rain gauges in Germany - Figure 14: (right): Pluvio with Remote Monitoring Module 

 

3.4.2 Radar data   

Radar-based real-time analyses of hourly precipitation amounts for Germany (RADOLAN) is a 

quantitative radar composite product provided in near-real time by DWD. Spatial and temporal 

high-resolution, quantitative precipitation data are derived from online adjusted radar measurements 

in real-time production for Germany. Radar data are calibrated with hourly precipitation data from 

automatic surface precipitation stations. 6 

                                                 
4 http://www.ott.com/web/ott_d e.nsf/id/pa_ottpluvio2_vorteile.html?OpenDocument&Click= 
5 Precipitation amount and intensity measurements with the Ott Pluvio, Wiel Wauben, Instrumental Department, 
INSA-IO, KNMI, August 26, 2004 
6 
http://www.dwd.de/bvbw/appmanager/bvbw/dwdwwwDesktop?_nfpb=true&_windowLabel=dwdwww_main_book&T1460994925114492118088
1gsbDocumentPath=Navigation%2FWasserwirtschaft%2FUnsere__Leistungen%2FRadarniederschlagsprodukte%2FRADOLAN%2Fradolan__node.ht
ml%3F__nnn%3Dtrue&switchLang=en&_pageLabel=_dwdwww_spezielle_nutzer_forschung_fkradar 

http://www.ott.com/web/ott_de.nsf/id/pa_ottpluvio2_vorteile.html?OpenDocument&Click=
http://www.dwd.de/bvbw/appmanager/bvbw/dwdwwwDesktop?_nfpb=true&_windowLabel=dwdwww_main_book&T14609949251144921180881gsbDocumentPath=Navigation%2FWasserwirtschaft%2FUnsere__Leistungen%2FRadarniederschlagsprodukte%2FRADOLAN%2Fradolan__node.html%3F__nnn%3Dtrue&switchLang=en&_pageLabel=_dwdwww_spezielle_nutzer_forschung_fkradar
http://www.dwd.de/bvbw/appmanager/bvbw/dwdwwwDesktop?_nfpb=true&_windowLabel=dwdwww_main_book&T14609949251144921180881gsbDocumentPath=Navigation%2FWasserwirtschaft%2FUnsere__Leistungen%2FRadarniederschlagsprodukte%2FRADOLAN%2Fradolan__node.html%3F__nnn%3Dtrue&switchLang=en&_pageLabel=_dwdwww_spezielle_nutzer_forschung_fkradar
http://www.dwd.de/bvbw/appmanager/bvbw/dwdwwwDesktop?_nfpb=true&_windowLabel=dwdwww_main_book&T14609949251144921180881gsbDocumentPath=Navigation%2FWasserwirtschaft%2FUnsere__Leistungen%2FRadarniederschlagsprodukte%2FRADOLAN%2Fradolan__node.html%3F__nnn%3Dtrue&switchLang=en&_pageLabel=_dwdwww_spezielle_nutzer_forschung_fkradar
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The combination of hourly point measurements at the precipitation stations with the five-minute-

interval radar signals of the 16 weather radars (C-Band Doppler) provides gauge-adjusted hourly 

precipitation sums for a ~1km x ~1km raster for Germany in a polar stereographic projection.  

 

Radar site Latitude 

(N)  

Longitude 

(E) 

WMO 

No. 

Radar site Latitude 

(N)  

Longitude 

(E) 

WMO 

No. 

München 48Á 20ô 

14ôô 

11Á 36ô 

46ôô 

10871 Rostock 54Á 10ô 

35ôô 

12Á 03ô 

33ôô 

10169 

Frankfurt 50Á 01ô 

25ôô 

08Á 33ô 

34ôô 

10630 Ummendorf 52Á 09ô 

39ôô 

11Á 10ô 

38ôô 

10356 

Hamburg 53Á 37ô 

19ôô 

09Á 59ô 

52ôô 

10147 Feldberg 47Á 52ô 

28ôô 

08Á 00ô 

18ôô 

10908 

Berlin-

Tempelhof 

52Á 28ô 

43ôô 

13° 23 

17ôô 

10384 Eisberg 49Á 32ô 

29ôô 

12Á 24ô 

15ôô 

10780 

Essen 51Á 24ô 

22ôô 

06Á 58ô 

05ôô 

10410 Flechtdorf 51Á 18ô 

43ôô 

08Á 48ô 

12ôô 

10440 

Hannover 52Á 27ô 

47ôô 

09Á 41ô 

54ôô 

10338 Neuheilenbach 50Á 06ô 

38ôô 

06Á 32ô 

59ôô 

10605 

Emden 53Á 20ô 

22ôô 

07Á 01ô 

30ôô 

10204 Türkheim 48Á 35ô 

10ôô 

09Á 47ô 

02ôô 

10832 

Neuhaus 50Á 30ô 

03ôô 

11Á 08ô 

10ôô 

10557 Dresden 51Á 07ô 

31ôô 

13Á 46ô 

11ôô 

10488 

Table 12: Location of the 16 meteorological radar sites of the DWD 

       

 
Figure 15: (left) radar compound in Germany (March 2011) ; Figure 16: (right) location of ombrometers for online 
calibration in RADOLAN; squares: hourly data provision (about 500), circles: event-based hourly data provision 

(about 800 stations)7. 

The flowchart of online calibration method applied in RADOLAN is depicted in Figure 17 

                                                 
7 Bartels, H.: Projekt RADOLAN. Routineverfahren zur Online-Aneichung der Radarniederschlagsdaten mit Hilfe von 
automatischen Bodenniederschlagsstationen (Ombrometer), Abschlussbericht 2004 


































































































































































