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1 The EUMETSAT Satellite Application Facilities and H-SAF 

¢ƘŜ άEUMETSAT Satellite Application Facility on Support to Operational Hydrology and Water Management 
(H-SAF)έ ƛǎ ǇŀǊǘ ƻŦ ǘƘŜ ŘƛǎǘǊƛōǳǘŜŘ ŀǇǇƭƛŎŀǘƛƻƴ ƎǊƻǳƴŘ ǎŜƎƳŜƴǘ ƻŦ ǘƘŜ άEuropean Organisation for the 
Exploitation of Meteorological Satellites (EUMETSAT)έΦ  ¢ƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ƎǊƻǳƴŘ ǎŜƎƳŜƴǘ Ŏƻƴǎƛǎǘǎ ƻŦ ŀ 
άCentral Application Facility (CAF)έ ŀƴŘ ŀ ƴŜǘǿƻǊƪ ƻŦ ŜƛƎƘǘ άSatellite Application Facilities (SAFsύέ ŘŜŘƛŎŀǘŜŘ 
to development and operational activities to provide satellite-derived data to support specific user 
communities.  See next figure: 

 
Figure 1 Conceptual scheme of the EUMETSAT application ground segment 

 

Next figure reminds the current composition of the EUMETSAT SAF network (in order of establishment). 
 

        
Nowcasting & Very 

Short Range Forecasting Ocean and Sea Ice Ozone & Atmospheric 
Chemistry Monitoring Climate Monitoring Numerical Weather 

Prediction 
GRAS Meteorology Land Surface Analysis 

Operational 
Hydrology 
& Water 

Management 
Figure 2 Current composition of the EUMETSAT SAF network (in order of establishment) 

The H-SAF was established by the EUMETSAT Council on 3 July 2005; its Development Phase started on 1st 
September 2005 and ended on 31 August 2010. The SAF is now in its first Continuous Development and 
Operations Phase (CDOP) which started on 28 September 2010 and will end on 28 February 2012  The list of 
H-SAF products is shown in next table: 

 
 

Acronym Identifier Name 

 

Decentralised processing 

and generation of products 

EUM Geostationary 

Systems 

Systems of the 
EUM/NOAA 

Cooperation 

Centralised processing 

and generation of products  

Data Acquisition 
and Control 

Data Processing 
EUMETSAT HQ 

Meteorological Products 
Extraction 

EUMETSAT HQ 

Archive & Retrieval 
Facility (Data Centre) 

EUMETSAT HQ 

USERS 

Application Ground Segment  

other data 
sources 

       
Satellite Application 

Facilities (SAFs) 
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Acronym Identifier Name 

PR-OBS-1 H-01 Precipitation rate at ground by MW conical scanners (with indication of phase) 

PR-OBS-2 H-02 
Precipitation rate at ground by MW cross-track scanners (with indication of 
phase) 

PR-OBS-3 H-03 Precipitation rate at ground by GEO/IR supported by LEO/MW 

PR-OBS-4 H-04 
Precipitation rate at ground by LEO/MW supported by GEO/IR (with flag for 
phase) 

PR-OBS-5 H-05 Accumulated precipitation at ground by blended MW and IR 

PR-OBS-6 H-15 Blended SEVIRI Convection area/ LEO MW Convective Precipitation 

PR-ASS-1 H-06 
Instantaneous and accumulated precipitation at ground computed by a NWP 
model 

SM-OBS-2 H-08 Small-scale surface soil moisture by radar scatterometer 

SM-OBS-3 H-16 Large-scale surface soil moisture by radar scatterometer 

SM-DAS-2 H-14 
Soil moisture profile index in the roots zone by scatterometer assimilation 
method 

SN-OBS-1 H-10 Snow detection (snow mask) by VIS/IR radiometry 

SN-OBS-2 H-11 Snow status (dry/wet) by MW radiometry 

SN-OBS-3 H-12 Effective snow cover by VIS/IR radiometry 

SN-OBS-4 H-13 Snow water equivalent by MW radiometry 

Table 1 H-SAF Products List 
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2 Introduction to product PR-OBS-5 

2.1 Sensing principle 

Product PR-OBS-5 is based on frequent precipitation measurements as retrieved by blending LEO MW-
derived precipitation rate measurements and GEO IR imagery.  The input data are therefore PR-OBS-3 or, in 
future, PR-OBS-4.  The covered area is shown in next figure, same as for PR-OBS-3 and PR-OBS-4. 

Since both PR-OBS-3 and PR-OBS-4 are affected by limited accuracy, particularly prone to bias (especially 
PR-OBS-3, that is strongly biased towards convective precipitation), the PR-OBS-5 product is intended to be 
forced to match both ground measurements, as available from networks of rain gauges, and a field 
generated by the NWP model operational at CNMCA (COSMO-ME) (product PR-ASS-1).  These two features 
are not yet implemented in the current product.  They will be a subject for CDOP-1. 

For more information, please refer to the Products User Manual (specifically, volume PUM-05). 

 

  
Figure 3 The H-SAF required coverage in the Meteosat projection 

 

2.2 Algorithm principle 

 The baseline algorithm for PR-OBS-5 processing is described in ATBD-05.  Only essential elements are 
highlighted here.  Next figure shows the flow chart of the processing chain. 
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2.3 Main operational characteristics 

 The operational characteristics of PR-OBS-5 are discussed in PUM-05.  Here are the main highlights. 

The horizontal resolution (x).  The product is generated by integrating PR-OBS-3 or PR-OBS-4 over 3, 6, 12 
and 24 hours.  When PR-OBS-4 will be used, the resolution will be the same as PR-OBS-4, i.e. ~ 30 km.  With 
the current PR-OBS-3 it is difficult to assess the impact of the various blending operations with the 
raingauge network and the NWP model.  It is prudent to assume that the process will hiddenly convolute 

arrays of 3-4 SEVIRI pixels a side, finally ending with x ~ 30 km.  However, sampling is made at ~ 5 km 
intervals, consistent with the SEVIRI pixel over Europe.  Conclusion: 

 resolution x ~ 30 km   -   sampling distance: ~ 5 km. 

The observing cycle (t).  The observing cycle is defined as the average time interval between two 
measurements over the same area.  However, PR-OBS-5 does not make use of observations, but only of 
products that, in the case of PR-OBS-3, are updated at 15-min intervals, thus the concept is not applicable.  
The product is generated each 3 h by integrating over the previous 3, 6, 12 and 24 h.  We could refer to the 
product generation rate and, although inappropriately, quote: 

 observing cycle: t = 3 h  -  sampling time: 3 h. 

The timeliness () is defined as the time between observation taking and product available at the user site 
assuming a defined dissemination mean.  However, PR-OBS-5 does not make use of observations, but only 
of products that, in the case of PR-OBS-3, is updated at 15-min intervals.  After each full 3 hours, the 
product is processed within 15 min, to be added to the 15-min timeliness of the PR-OBS-3 frame last 
entering the time integration process.  Thus: 

 timeliness  ~ 0.5 h. 

IR radiances from GEO 
calibrated by MW-derived 
precipitation rate (Rapid 
Update)         (PR-OBS -3) 

Library of error structure 
of PR-OBS -3 

PR-OBS -3 

products archive 

MW-derived precipitation 
rate continuised by IR 
imagery from GEO 
(Morphing)    (PR-OBS -4) 

Library of error structure 
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Figure 4 Flow chart of the accumulated precipitation processing chain 
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The accuracy (RMS) is the convolution of the accuracy of the input observation (currently PR-OBS-3) and 
the PR-OBS-5 processing algorithm.  The time integration of several samples reduces the random errors, 
thus the dominant part of the error is associated to the bias.  It is difficult to estimate the accuracy a-priori: 
it is generally evaluated a-posteriori by means of the validation activity. 
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3 Validation strategy, methods and tools 

3.1 Validation team and work plan 

Whereas the previous operational characteristics have been evaluated on the base of system 
considerations (number of satellites, their orbits, access to the satellite) and instrument features (IFOV, 
swath, MTF and others), the evaluation of accuracy requires validation, i.e. comparison with the ground 
reference.  PR-OBS-5, as any other H-SAF product, has been submitted to validation entrusted to a number 
of institutes (see next figure). 

 

 

   
Precipitation Products 

Validation Group: Italy (DPC)     

                

                

Belgium  

IRM  

Bulgaria  

NIMH -BAS 

Germany 

 BfG 

Hungary 

 OMSZ 

Italy  

 Uni Fe 

Poland 

 IMWM  

Slovakia 

SHMU  

Turkey  

ITU TSMS 

 
Figure 5 Structure of the Precipitation products validation team 

 
Next table lists people involved in the validation of H-SAF precipitation products: 

Validation team for precipitation products 

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

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

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

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

Angelo Rinollo 
EUMETSAT and Dipartimento Protezione 
Civile (DPC) Italy angelo.rinollo@protezionecivile.it 

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

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

 Gergana Kozinarova 

National Institute of Meteorology and 
Hydrology Bulgarian Academy of Sciences 
(NIMH-BAS) Bulgaria gkozinarova@gmail.com  

 Georgy 
Koshinchanov 

National Institute of Meteorology and 
Hydrology Bulgarian Academy of Sciences 
(NIMH-BAS) Bulgaria georgy.koshinchanov@meteo.bg 

 Claudia Rachimow Bundesanstalt für Gewässerkunde (BfG) Germany rachimow@bafg.de               

 Peter Krahe Bundesanstalt für Gewässerkunde (BfG) Germany krahe@bafg.de               

 Eszter Lábó Hungarian Meteorological Service (OMSZ) Hungary labo.e@met.hu 

 Judit Kerenyi Hungarian Meteorological Service (OMSZ) Hungary kerenyi@met.hu 

 Federico Porcu' 
Ferrara University, Department of Physics 
(UniFe) Italy  porcu@fe.infn.it 

Lisa Milani 
Ferrara University, Department of Physics 
(UniFe) Italy  milani@fe.infn.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 

mailto:silvia.puca@protezionecivile.it
mailto:anuela.campione@protezionecivile.it
mailto:anuela.campione@protezionecivile.it
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mailto:labo.e@met.hu
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mailto:porcu@fe.infn.it
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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). After the first Validation Workshop in 30 
September 2006, 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 precipitation products validation programme and was finalised during the last H-SAF Products and 
Hydro Validation Workshop hosted by Italian Civil Protection in Rome, 29 of November - 2 of December 
2011. 
 The results of the Product Validation activities 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 take into account the user needs. This validation web 
section will be continuously updated with the last validation results and studies coming from the 
Precipitation Product Validation Group (PPVG). 
 

3.2 Validation objects and problems 

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-ŎŀƭƭŜŘ άōŜǘŀ ǳǎŜǊǎέΦ 

 

Validation is obviously a hard work in the case of precipitation, both because the sensing principle from 
space is very indirect, and because of the natural space-time variability of the precipitation field (sharing 
certain aspects with fractal fields), that places severe sampling problems.   

Lǘ ƛǎ ƪƴƻǿƴ ǘƘŀǘ ŀƴ ŀōǎƻƭǳǘŜ ΨƎǊƻǳƴŘ ǘǊǳǘƘΩ ŘƻŜǎ ƴƻǘ ŜȄƛǎǘΦ In the H-SAF project the validation  is based on 
comparisons of satellite products with ground reference 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. 
Three Working Groups  (WG) (radar, rain gauge) have been composed in PPVG in order to solve these 
problems. The first results obtained by the working groups are reported in annex 1-5, a complete 
documentation is available in the H-SAF web page Precipitation Validation Section. In addition to the radar 
and rain gauge WG other WG have been composed on: integrate various sets of precipitation data sources 
ς raingauge network, radar network, NWP models outputs and climatological standards into common 

 Włƴ Yŀƶłƪ 
Slovenský Hydrometeorologický Ústav 
(SHMÚ) Slovakia  jan.kanak@shmu.sk 

 ]ǳōƻǎƭŀǾ hƪƻƴ 
Slovenský Hydrometeorologický Ústav 
(SHMÚ) Slovakia  luboslav.okon@shmu.sk 

 Mariàn Jurasek 
Slovenský Hydrometeorologický Ústav 
(SHMÚ) Slovakia  marian.jurasek@shmu.sk 

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

 Ibrahim Sonmez Turkish State Meteorological Service (TSMS) Turkey  isonmez@dmi.gov.tr 

 Aydin Gurol Erturk Turkish State Meteorological Service (TSMS) Turkey  agerturk@dmi.gov.tr 

Table 2 List of the people involved in the validation of H-SAF precipitation products 

mailto:luboslav.okon@shmu.sk
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precipitation product, which can describe the areal instantaneous and cumulated precipitation fields (INCA 
-WG) and to investigate the opportunity to create geographical maps of error distribution for providing 
information on test catchments to the Hydrological Validation Group (GEO MAP ςWG). 

3.3 Validation methodology 
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 in collaboration with the product 
developers, and with the support of ground data experts. The 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 SEVIRII grid; 

 temporal comparison of precipitation products (satellite and ground); 

 statistical scores (continuous and multi-categorical) evaluation; 

 case study analysis. 
 

3.4 Ground data and tools used for validation 
Both rain gauge and radar data have been used until now for validation. A complete knowledge of the 
ground data characteristics used inside ǘƘŜ tt±DΣ ƛƴǎǘǊǳƳŜƴǘǎ ŜǊǊƻǊ ŀƴŘ Χ ŀǊŜ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ǾŀƭƛŘŀǘƛƻƴ 
ǊŜǎǳƭǘǎ ŀƴŘ ǘƻ ŘŜŦƛƴŜ ǘƘŜ ǇǊƻŎŜŘǳǊŜ ǘƻ ǎŜƭŜŎǘ ǘƘŜ Ƴƻǎǘ ǊŜƭƛŀōƭŜ Řŀǘŀ ǘƻ ǊŜǇǊŜǎŜƴǘ ŀ άƎǊƻǳƴŘ ǊŜŦŜǊŜƴŎŜέΦ ! 
complete report on the results obtained by the Working Group on rain gauge, radar and ground data 
integration are reported in the Chapter 4 with a complete inventory of the ground data used within the 
PPVG. 
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Figure 6 The network of 3500 rain gauges used for H-SAF precipitation products validation 

 
The rain gauge networks of PPVG is composed of approximately 3500 stations across 6 Countries. 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 next table: 

 

Country Total number of gauges * Average minimum 
distance (km)  

Belgium 89**  11.2 

Bulgaria 37***  7 

Germany 1300 17 

Italy 1800 9.5 

Poland 330-475 13.3 

Turkey 193****  27 
Table 3 Number and density of raingauges within H-SAF validation Group 

 
* the number of raingauges could vary from day to day due to operational efficiency within a maximum 
range of 10-15%.  
** only in the Wallonia Region  
*** only in 3 river basins 
**** only covering the western part of Anatolia 
 

Most of the gauges used in the National networks by the PPVG Partners are of the tipping bucket type, and 
hourly cumulated. 

 
The rain gauge inventory (see annex 1) on the instruments, the operational network and the approach 
to match gauge data with the satellite estimates in the PPVG, has pointed out that the rain gauge 
networks available in the PPVG are surely appropriated for the validation of cumulated products (1 
hour and higher), in particular for cumulated precipitation. The WG has also pointed out that different 
approaches for the estimates matching are considered in the PPVG. One of the next step of the WG will be 
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to define in collaboration with the GeoMap-WG the spatial interpolation technique and to develop the 
related software to be used in side the PPVG.  
 

Country Minimum detectable 
rainrate (mm h-1) 

Maximum detectable 
rainrate (mm h-1) 

Heating system 
(Y/N) 

cumulation 
interval (min) 

Belgium 0.1 N/A N 60 

Bulgaria 0.1 2000 Y 120,  1440 

Germany 0.05 3000 Y 60 

Italy 0.2 300 Y/N* 60 

Poland 0.1 300 Y 10 

Turkey 0.2 288 Y 1 
Table 4 Summary of the raingauge characteristics 

 
   * only 300 out of 1800 gauges are heated 

 
An inventory on radar data (see annex2), networks and products used in PPVG (Chapter 4), has 
pointed out that all the institutes involved in the PPVG declared the system are kept in a relatively 
good status and all of them apply some correction factors in their processing chain of radar data. 
In  Figure 7 there is the map of the 54 C-band radars available in their H-SAF PPVG. Only the radar data 
which pass the quality control of the owner Institute are used by the PPVG for validation activities. 
However, these  correction factors are diverse in the countries, depending on their capacities and 
main sources of error in the radar measurements. This also means that the corresponding rainfall 
estimates are different products in nature, and the estimation of their errors cannot be 
homogenized for all the countries of the PPVG. However, each county can provide useful information 
of the error structure of its rainfall products based on its own resources. The Radar-WG is now working to 
define quality index (static or dynamic) in order to select the more reliable radar fields and to associate an 
error structure to the radar data. Quality information should take into account the radar site/geographical 
areas/event type/radar products. The  study performed by the Slovakian team  and the scheme published 
by J. Szturcn et all 2008, on the quality index evaluation are under consideration by the Radar-WG.  In the 
future the satellite product testing will be carried out using only the data having a sufficient quality but the 
validation results showed in this document have been obtained using radar data which passed only data 
owner institute controls.   
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Figure 7 The networks of 54 C-band radars available in the H-SAF PPVG 

 
The studies that have been carried out in the PPVG on comparison of radar data with rain gauge data have 
shown that RMSE error associated with radar fields depends considerably on radar minimum visible height 
above the rain gauge in mountainous terrains like Slovakia, but less importantly in flat terrains like Hungary. 
In Slovakia, the RMSE% error (see Section 3.7) of radar accumulated fields is between 70-90%, whereas in 
Hungary, it is slightly lower, between 60-80%. Dataset for May-September 2010 have been used to derive 
these parameters. 

 
In PPVG it is under investigation (see annex 3) the possibility to use ground data integrated 
software to produce precipitation field. The results obtained by INCA-WG are reported in the 
chapter 4.  

3.5 Techniques to make observation comparable 
Due to the time and space structure of precipitation and to the sampling characteristics of both the 
precipitation products and ground data used for validation, care has to be taken to bring data comparable.  
At a given place, precipitation occurs intermittently and at highly fluctuating rates. Over space, 
precipitation is distributed with a high variability, in cells of high intensity nested in larger area with lower 
rain rate.  Aimed at observing this complex phenomenon, the satellite-based products are defined with a 
spatial resolution of several kilometres and with different sampling rate.  On the other hand, reference 
ground data used to validate precipitation data from satellite are also characterized by their own spatial 
resolution ranging from point information measured on rain-gauge networks to grids with cells of several 
hundreds of meters to several kilometres for weather radar.  Furthermore, none of these reference 
observations are without error.  For this reason it was decided to compare the satellite data with ground 
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data on the satellite product native grid (Chapter 2).  All the institutes applied the same up-scaling method 
to compare the satellite precipitation estimations with ground data as described in the previous section. 

3.6 Common procedure for the validation of H05  
Following the common validation methodology validation codes have been developed for validation using 
radar and rain gauge data as ground reference.  

3.6.1 Common procedure for the validation of H05 with RADAR 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 RADAR data of the country), which is detected implicitly 
by the common validation algorithm. 
 
Taking into account quality index information 
The code is predisposed to read a quality index for each radar pixel. In the present phase of the project, this 
quality information is not used for validation purposes, but it will be in CDOP2.  
 
Selection of the RADAR data synchronous with the satellite ones: 
The RADAR cumulated 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 the cumulation time 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. 
 

3.6.2 Common procedure for the validation of H05 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. 
 
Taking into account quality index information 
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The validation code is predisposed to read a quality index for each rain gauge. In the present phase of the 
project, this quality information is not used for validation purposes, but it will be in CDOP2. 
  
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 cumulation 
time of the product, more satellite images are averaged. 
 
interpolation of the rain gauge data: 
The partners of the Validation Group have been using a variety of different strategies to treat gauge data. 
Some are using interpolation algorithms to get spatially continuous rainfall maps, while others process 
directly the measurements of individual gauges.  

 

Country Type of interpolation 

Belgium Barnes over 5x5 km grid 

Bulgaria Co kriging 

Germany Inverse square distance 

Italy Barnes over 5x5 km grid 

Poland No 

Turkey No 
Table 5 Data pre-processing strategies 

 
The kriging technique is the interpolation method chosen for the common validation.  
 
matching between satellite and rain gauge data: 
The satellite data is matched with the rain gauge interpolated grid using the nearest-neighbour method.  
 

3.6.3 Techniques to make observation comparable 

Due to the time and space structure of precipitation and to the sampling characteristics of both the 
precipitation products and ground data used for validation, care has to be taken to bring data comparable.  
At a given place, precipitation occurs intermittently and at highly fluctuating rates. Over space, 
precipitation is distributed with a high variability, in cells of high intensity nested in larger area with lower 
rain rate.  Aimed at observing this complex phenomenon, the satellite-based products are defined with a 
spatial resolution of several kilometres and with different sampling rate.  On the other hand, reference 
ground data used to validate precipitation data from satellite are also characterized by their own spatial 
resolution ranging from point information measured on rain-gauge networks to grids with cells of several 
hundreds of meters to several kilometres for weather radar.  Furthermore, none of these reference 
observations are without error.  For this reason it was decided to compare the satellite data with ground 
data on the satellite product native grid (see Chapter 2).  All the institutes applied the same up-scaling 
method to compare the satellite precipitation estimations with ground data as described in the previous 
section 3.5. 

3.6.4 Large statistic: Continuous and multi-categorical   

The large statistic analysis allows to point out the existence of  pathological behaviour in the satellite 
product performance. It requires the application of the same validation technique step by step in all the 
institutes take part of the PPVG.  

The  large statistic analysis in PPVG is based on the evaluation of monthly and seasonal Continuous 
verification and Multi -Categorical statistical scores on one year of data (2010) for three precipitation 
classes (Fig.11). 
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It was decided to evaluate both continuous and multi-categorical statistic to give a complete view of the 
error structure associated to H05. Since the accuracy of precipitation measurements depends on the type 
of precipitation or, to simplify matters, the intensity, the verification is carried out on five classes indicated 
by hydrologists during the development phase (see Fig. 11). 

 
 

Class 

1 2 3 4 5 

< 8 
mm 

8 - 32 
mm 

32-64 
mm 

64-128 
mm 

> 128 
mm 

 
Fig. 11 - Classes for evaluating Precipitation Rate products. 

 

The cumulated precipitation lower than 1 mm is considered no precipitation. 

 

The main steps to evaluate the statistical scores are: 

 all the institutes up-scale the national radar and rain gauge data on the satellite native grid using the 
up-scaling techniques before described; 

 all the institutes compare H01 with the radar precipitation intensity and the rain gauge cumulated 
precipitation; 

 all the institutes evaluate the monthly and seasonal continuous scores (below reported) and 
contingency tables for the precipitation classes producing numerical files calleŘ Ψ/{Ω ŀƴŘ Ψa/Ω ŦƛƭŜǎΤ 

 ŀƭƭ ǘƘŜ ƛƴǎǘƛǘǳǘŜǎ ŜǾŀƭǳŀǘŜ t5C ǇǊƻŘǳŎƛƴƎ ƴǳƳŜǊƛŎŀƭ ŦƛƭŜǎ ŎŀƭƭŜŘ Ψ5L{¢Ω ŦƛƭŜǎ ŀƴŘ ǇƭƻǘǎΤ 

 the precipitation product validation leader collects all the validation files (MC, CS and DIST files), 
verifies the consistency of the results and evaluates the monthly and seasonal common statistical 
results;  
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Fig. 12 ς Main steps of the validation procedure in the PPVG. 

 

            Statistical scores 

The statistical scores evaluated in PPVG for continuous statistics are: 

- Mean Error (ME)  
N

1k

kk )true(sat
N

1
ME      Range: - қ ǘƻ қΦ  Perfect score: 0 

 

- Mean Absolute Error (MAE)  
N

1k

kk |truesat|
N

1
MAE     Range: л ǘƻ қΦ  Perfect score: 0 

 

 
- Standard Deviation (SD) 

N

1k

2

kk MEtruesat
N

1
SD     Range: л ǘƻ қΦ  Perfect score: 0 

-     Multiplicative Bias (MBias) 

  

 comparison national radar and rain gauge data with  precipitation products on satellite 
native grid  

 

ITALY 

-DPC 
 

Å evaluation of the monthly continuous scores and contingency tables for the precipitation 
classes producing numerical files called óCSô and óMCô files 

Å evaluation of PDF producing numerical files called óDISTô files and plots 

The PP validation leader collects all the validation files (MC, CS and DIST files), 
verifies the consistency of the results and evaluates the monthly common statistical 
results 

 

Å numerical files called óCSô and óMCô files 

Å numerical files called óDISTô files and plots 

ITALY 

-Uni. Fe 
POLAND 
-IMWM 

HUNGAR
Y 
-HMS 

BELGIUM 

-RMI 

GERMAN
Y 
-BFG 

TURKEY 

-ITU, TSMS 

SLOVAKI
A 
SHMU 

BULGARIA 

NIMH-BAS 

Figura 1 Main steps of the validation procedure in the PPVG 
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N

K

N

K

true

sat

1

1

N

1

N

1

MB       Range: - қ ǘƻ қΦ  Perfect score: 1 

 

 
- Correlation Coefficient (CC) 

      

N

1k

N

1

2

k

2

k

N

1k

kk

truetruesatsat

truetruesatsat

CC  with 
N

1k

ksat
N

1
sat  and 

N

1k

ktrue
N

1
true ; 

        Range: -1 to 1.  Perfect score: 1 

 
 
- Root Mean Square Error (RMSE) 

N

1k

2

kk truesat
N

1
RMSE      Range: л ǘƻ қΦ  Perfect score: 0 

 
 

- Root Mean Square Error percent (RMSE %), used for precipitation since error grows with rate. 

N

1k

2

k
2

kk

true

truesat

N

1
%RMSE *100                             Range: л ǘƻ қΦ  Perfect score: 0 

 

The statistical scores evaluated in PPVG for multi categorical statistic are derived by the following 
contingency table: 

 
                  Contingency Table 

   ground  

  yes no total 

 yes hits false alarms forecast yes 

satellite no misses correct negatives forecast no 

 total observed yes observed no total 

 
where: 

- hit: event observed from the satellite, and also observed from the ground  
- miss: event not observed from the satellite, but observed from the ground 
- false alarm: event observed from the satellite, but not observed from the ground 
- correct negative: event not observed from the satellite, and also not observed from the ground. 

The scores evaluated from the contingency table are:  

 
- Probability Of Detection (POD) 
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yesobserved

hits

misseshits

hits
POD     Range: 0 to 1.  Perfect score: 1 

 
- False Alarm Rate (FAR) 

yesforecast

alarmsfalse

alarmsfalsehits

alarmsfalse
FAR     Range: 0 to 1.  Perfect score: 0 

 

 

 
- Critical Success Index (CSI) 

alarmfalsemisseshits

hits
CSI          Range: 0 to 1.  Perfect score: 1 

 
- Equitable Threat Score (ETS) 

random

random

hitsalarmfalsemisseshits

hitshits
ETS         with 

total

yesforecastyesobserved
hitsrandom

 

ETS ranges from -1/3 to 1.  0 indicates no skill.   Perfect score: 1. 

-     Frequency BIas (FBI) 

yesobserved

yesforecast

misseshits

alarmsfalsehits
FBI     Range: л ǘƻ қΦ  Perfect score: 1 

 
- Probability Of False Detection (POFD) 

noobserved

alarmsfalse

alarmsfalsenegativescorrect

alarmsfalse
POFD       Range: 0 to 1.  Perfect score: 0 

 
- Fraction correct Accuracy (ACC) 

total

negativescorrecthits
ACC      Range: 0 to 1.  Perfect score: 1 

 
- Heidke skill score (HSS) 

random

random

correct)pected(exN

correct)pected(exnegatives)correct(hits
HSS               with  

no)edno)(observ(forecastyes)astyes)(forec(observed
N

1
correct)pected(ex random

 

Range: -қ to 1.  0 indicates no skill.   Perfect score: 1. 
 

- Dry-to-Wet Ratio (DWR). 

yesobserved

no observed

misseshits

negative correctalarm false
DWR   Range: л ǘƻ қΦ Perfect score: n/a. 
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3.6.5 Case study analysis 

Each Institute, in addition to the large statistic verification produces a case study analysis based on the 
knowledge and experience of the Institute itself.  Each institute, following a standard format here reported 
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; 

 indications to Developers; 

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

More details on case study analysis will be reported in the Chapter 5.    
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4 Ground data used for validation activities 

4.1 Introduction 

In the following sections the precipitation ground data networks used in the PPVG are described: radar  and 
rain gauge data of eight countries: Belgium, Bulgaria, Germany, Hungary, Italy, Poland, Slovakia, and 
Turkey. H05, has been submitted to validation in all these countries except Bulgaria. Until now the 
Bulgarian data are used only for H05 validation activity according to the Project Plan. Their uses in the next 
months is under consideration. 

It is well know 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. A complete 
overview of the ground data characteristic used in the PPVG to validate H05 is in Annex 1-5. 

4.2 Ground data in Belgium (IRM) 

4.2.1 Radar data 

The network 
Belgium is well covered with three radars (see next figure). Further radar is currently under construction in 
the coastal region.  
 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. 

 
Figure 8 Meteorological radar in Belgium 

 
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 
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range; only the stations within 120 km and where both radar and gauge values exceed 1 mm 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. 
 

4.3 Ground data in Bulgaria (NIMH)  

4.3.1 Rain gauge 

The network 
The maximum number of available raingauges for this project is 37, distributed over 3 basins.  
 
The average distance between stations is about 7 km, with a very high variance. Generally in the plain area 
distance is lower than in the mountainous areas 

 
Figure 9 Distribution of the raingauge stations of Iskar River Basin 

 

                                                           
1
 DƻǳŘŜƴƘƻƻŦŘǘ 9Φ ŀƴŘ [Φ 5ŜƭƻōōŜΣ нллфΥ ά9Ǿŀƭǳŀǘƛƻƴ ƻŦ ǊŀŘŀǊ-gauge merging methods for quantitative precipitation 

estimatesέΦ  IȅŘǊƻƭΦ 9ŀǊǘƘ {ȅǎǘΦ {ŎƛΦΣ 13, 195-203. 
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Figure 10 Distribution of the raingauge stations of Chepelarska River Basin 

 

 
Figure 11 Distribution of the raingauge stations of Varbica River Basin 

 
The instrument 
The following information should be provided in this section: 
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 Tipping bucket with heating (measures the precipitation with increments of 0.1 mm) - quality index 
of the measurements (between 1 and 10) - 7-8.  

 Weighing type measurement with heating rim (measures the precipitation with increments of 0.1 
mm) - quality index of the measurements (between 1 and 10) - 8-9. 

 Conventional precipitation gauges type Wild measuring 24 hourly totals of precipitation 
 
The rainrate is given only by the automatic stations for a 60 minutes interval. Those stations are located in 
Varbica and Chepelarska river basins. There are no automatic stations in Iskar river basin. 
 
 
Data processing 
There is quality control on the data.  
 
In this Project the point-like gauges data are interpolated for using Co kriging interpolation of the ground 
measurements taking into account orography . 

 

4.4 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 6 Precipitation data used at BfG for validation of H-SAF products 

4.4.1 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.  
 
The instruments 
The measurement instruments are precipitation sensors OTT PLUVIO of Company Ott2 3. 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 

                                                           
2
 http://www.ott.com/web/ott_de.nsf/id/pa_ottpluvio2_vorteile.html?OpenDocument&Click= 

3
 Precipitation amount and intensity measurements with the Ott Pluvio, Wiel Wauben, Instrumental Department, 

INSA-IO, KNMI, August 26, 2004 

http://www.ott.com/web/ott_de.nsf/id/pa_ottpluvio2_vorteile.html?OpenDocument&Click=
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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 ς30°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.  

 
Figure 12 Network of rain gauges in Germany 

 

 
Figure 13 Pluvio with Remote Monitoring Module 

4.4.2 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 
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production for Germany. Radar data are calibrated with hourly precipitation data from automatic surface 
precipitation stations. 4 
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 пуϲ нлΩ мпΩΩ ммϲ осΩ псΩΩ 10871 Rostock рпϲ млΩ орΩΩ мнϲ лоΩ ооΩΩ 10169 

Frankfurt рлϲ лмΩ нрΩΩ луϲ ооΩ опΩΩ 10630 Ummendorf рнϲ лфΩ офΩΩ ммϲ млΩ оуΩΩ 10356 

Hamburg роϲ отΩ мфΩΩ лфϲ рфΩ рнΩΩ 10147 Feldberg птϲ рнΩ нуΩΩ луϲ ллΩ муΩΩ 10908 

Berlin-
Tempelhof 

рнϲ нуΩ поΩΩ моϲ но мтΩΩ 10384 Eisberg пфϲ онΩ нфΩΩ мнϲ нпΩ мрΩΩ 10780 

Essen рмϲ нпΩ ннΩΩ лсϲ руΩ лрΩΩ 10410 Flechtdorf рмϲ муΩ поΩΩ луϲ пуΩ мнΩΩ 10440 

Hannover рнϲ нтΩ птΩΩ лфϲ пмΩ рпΩΩ 10338 Neuheilenbach рлϲ лсΩ оуΩΩ лсϲ онΩ рфΩΩ 10605 

Emden роϲ нлΩ ннΩΩ лтϲ лмΩ олΩΩ 10204 Türkheim 48ϲ орΩ млΩΩ лфϲ птΩ лнΩΩ 10832 

Neuhaus рлϲ олΩ лоΩΩ ммϲ луΩ млΩΩ 10557 Dresden рмϲ лтΩ омΩΩ моϲ псΩ ммΩΩ 10488 

Table 7 Location of the 16 meteorological radar sites of the DWD 

 

 
 

Figure 14 Left: radar compound in Germany (March 2011) ; Right: location of ombrometers for online calibration in 
RADOLAN; squares: hourly data provision (about 500), circles: event-based hourly data provision (about 800 

stations)  

 
 The flowchart of online calibration method applied in RADOLAN is depicted in next figure:  

                                                           
4
 

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.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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Figure 15 Flowchart of online calibration RADOLAN (DWD, 2004) 

 

4.5 Ground data in Hungary (OMSZ) 

4.5.1 Radar data 

The network 
The main data used for validation in Hungary would be the data of meteorological radars. There are three 
C-band dual polarized Doppler weather radars operated routinely by the OMSZ-Hungarian Meteorological 
Service. The location and coverage of the three Hungarian radars are shown in next figure.; the 
measurement characteristics are listed in next table. 
All three radars are calibrated periodically, with an external (calibrated) TSG, the periodicity is kept every 3 
months. 
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Figure 16 The location and coverage of the three meteorological Doppler radars in Hungary 

 

 

 

Year of installation Location Radar type Parameters 
measured 

1999 Budapest Dual-polarimetric 
Doppler radar 

Z, ZDR 

2003 Napkor Dual-polarimetric 
Doppler radar 

Z,ZDR,KDPΣʊDP 

2004 Poganyvar Dual-polarimetric 
Doppler radar 

Z,ZDR,KDPΣʊDP 

Table 8 Main characteristics of the Hungarian radar network 

 
The instruments 
The Hungarian radar network is composed by three Doppler radars, which are measuring in the C-band, 
mainly at same frequencies. The scan strategy is the same for all the radars, the Budapest radar has a 
resolution lower than the two other radars which are newer types. The parameters of the instruments and 
the measurement campaigns are listed in next table:  

 

 Budapest Napkor Poganyvar 

Frequency band C-Band, 5625MHz C-Band, 5610MHz C-Band, 5610MHz 

Polarization 
(Single/Double) 

single single single 

Doppler capability 
(Yes/No) 

Yes Yes Yes 




































































































































































































































































