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1. The EUMETSAT Satellite Application Facilities and H-SAF 

The ñEUMETSAT Satellite Application Facility on Support to Operational Hydrology and Water 

Management (H-SAF)ò is part of the distributed application ground segment of the ñEuropean 

Organisation for the Exploitation of Meteorological Satellites (EUMETSAT)ò.  The application ground 

segment consists of a ñCentral Application Facility (CAF)ò and a network of eight ñSatellite 

Application Facilities (SAFs)ò dedicated to development and operational activities to provide satellite-

derived data to support specific user communities.  See Fig. 01. 

 

Fig. 01 - Conceptual scheme of the EUMETSAT application ground segment. 

Fig. 02 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 

Fig. 02 - 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 ends on 31 August 2010.  The list of H-SAF products is shown in Table 01. 
 

Table 01 - List of H-SAF products 

Code Acronym Product name 

H01 PR-OBS-1 Precipitation rate at ground by MW conical scanners (with indication of phase) 

H02 PR-OBS-2 Precipitation rate at ground by MW cross-track scanners (with indication of phase) 

H03 PR-OBS-3 Precipitation rate at ground by GEO/IR supported by LEO/MW 

H04 PR-OBS-4 Precipitation rate at ground by LEO/MW supported by GEO/IR (with flag for phase) 

H05 PR-OBS-5 Accumulated precipitation at ground by blended MW and IR 

H06 PR-ASS-1 Instantaneous and accumulated precipitation at ground computed by a NWP model 

H07 SM-OBS-1 Large-scale surface soil moisture by radar scatterometer 

H08 SM-OBS-2 Small-scale surface soil moisture by radar scatterometer 

H09 SM-ASS-1 Volumetric soil moisture (roots region) by scatterometer assimilation in NWP model 

H10 SN-OBS-1 Snow detection (snow mask) by VIS/IR radiometry 

H11 SN-OBS-2 Snow status (dry/wet) by MW radiometry 

H12 SN-OBS-3 Effective snow cover by VIS/IR radiometry 

H13 SN-OBS-4 Snow water equivalent by MW radiometry 

 

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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2. Introduction to product PR-ASS-1 

2.1 Principle  of the product 

Product PR-ASS-1 (Instantaneous and accumulated precipitation at ground computed by a NWP 

model) is the output of the operational COSMO-ME NWP model in use at CNMCA.  Its main 

characteristics are shown in Fig. 03. 

 

Model Equations   

 Basic hydro-thermodynamical equations in advection form, 

 no scale approximations (i.e. fully compressible and non-hydrostatic), 

 substraction of horizontally homogeneous basic state at rest. 

Prognostic Variables   

 Horizontal and vertical wind components (u,v,w) 

 Temperature (T) 

 Pressure perturbation (p', deviation from the reference state) 

 Specific humidity (qv), 

 Specific cloud water content (qc) 

 Specific cloud ice content (qi) 

 Specific rain content (qr) 

 Specific snow content (qs) 

 Turbulent kinetic energy (tke) 

 Optionally, specific graupel content (qg) 

Coordinate System   

 Rotated geographical (lat/lon) coordinate system horizontally, 

 Generalized terrain-following height-coordinate vertically. 

Grid Structure   

 Arakawa C-grid, Lorenz vertical grid staggering 

Spatial Discretization   

 Second-order horizontal and vertical differencing (centred) 

Time Integration   

 3 time-level (Leapfrog) split explicit using extensions proposed by 
Skamarock and Klemp (1992).  

 Additional Options: 
- 2 time-level Runge-Kutta 3rd-order scheme (regular or TVD) with 

various options for high-order spatial discretization (Forstner and 
Doms, 2004),     

- 3 time-level semi-implicit scheme (Thomas et al., 2000), 
- 2 time-level Runge-Kutta 2nd order split-explicit scheme (Wicker and 

Skamarock, 1998). 

Numerical Smoothing   

 Rayleigh damping layer at upper boundary 

 4th order linear horizontal diffusion with option for a monotonic version 
including an orographic limiter, 

 3-D divergence damping and off-centering in split steps 

Lateral Boundaries   

 1-way nesting using the lateral boundary formulation to Davies and 
Turner (1977). 

Initialization   

 Diabatic digital filtering initialization scheme (Lynch et al. 1997) 

Grid-Scale Clouds and Precipitation   

 Cloud water formation dissipation by saturation adjustment. 

 Precipitation formation by a bulk-parameterization including water 
vapour, cloud water, cloud ice, rain and snow as hydrometeor categories 
(Doms 2002; Baldauf and Schultz 2004; Reinhardt and Seifert 2006). 

 Subgrid-Scale Clouds  

 Subgrid-scale cloudiness (fractional cloud cover) is interpreted by an 
empirical function depending on relative humidity. A corresponding cloud 
water content is also diagnosed. 

Moist Convection   

 Mass-flux convection scheme after Tiedtke (1989) with closure based on 
moisture convergence. 

 Option for a modified closure based on CAPE. 

Radiation   

 ŭ-two stream radiation scheme based on Ritter and Geylen (1989) for 
short- and longwave fluxes; full cloud-radiation feedback. 

Turbulent Diffusion   

 Level 2.5-scheme with a prognostic treatment of turbulent kinetic energy; 
effects of subgrid-scale condenstation and evaporation are included. 

 Optionally, diagnostic K-closure (at hierarchy level 2) for vertical diffusion. 

Subgrid-scale orography   

 Blocked flow and gravity wave drag (Lott and Miller, 1997). 

Surface Layer   

 Scheme based on turbulent kinetic energy; includes effects from subgrid-
scale thermal circulations. 

 Optionally, constant flux layer parameterization. 

Soil Processes   

 Multi-layer soil model including freezing of soil water (Schrodin and Heise, 
2001). 

 Optionally, two-layer soil model after Jacobsen and Heise (1984) with 
Penman-Monteith type transpiration. Snow and interception storage are 
included. Climate values changing monthly (but fixed during forecast) in 
third layer. 

Current area coverage 

 

 

Fig. 03 - COSMO-ME model formulation and current area coverage. 

The role of PR-ASS-1 is to provide a background precipitation field regular in space and time, unlike 

satellite-derived observations that are available at changing times and locations, depending on the 

specific orbit.  The product has been developed, is operationally running and is being progressively 

improved at CNMCA.  It is a ñbest effortò product:  e.g., the covered area (as shown in Fig. 03), and the  

number of runs/day will not meet H-SAF requirement by the end of the Development Phase; but it is 
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fully operational product.  The output consists of five figures at 3-hour intervals: the rate and the 

accumulated precipitation over 3. 6. 12 and 24 hours. 

For more information, please refer to the Products User Manual (specifically, PUM-06). 

2.2 Algorithm princi ple 

The baseline algorithm for PR-ASS-1 processing is described in ATDD-06.  Only essential elements are 

highlighted here.  Fig. 04 illustrates the module that most concerns the precipitation products. 

 

2.3 Main operational characteristics 

The operational characteristics of PR-ASS-1 are discussed in PUM-06.  Here are the main highlights. 

The horizontal resolution (x), for a product generated by a NWP model, depends on the scale of 

motion correctly represented in the model.  For COSMO-ME, as concerns precipitation products, it is 

estimated as ~ 30 km.  The sampling interval consist of the model grid mesh ~ 7 km.  Thus: 

 resolution x ~ 30 km   -   sampling distance: 7 km. 

The observing cycle (t).  All products are outputted at 3-hour intervals.  This is the sampling interval 

for the product).  However, they derive from forecasting cycles that currently are run at 00 and 12 UTC, 

therefore the output products are correlated.  It is correct to quote an observing cycle ~ 12 h (to be 

reduced to t ~ 6 h in the near future, when runs at 06 and 18 UTC will be added).  Thus: 

 observing cycle t ~ 12 h   -   sampling time: 3 h. 

The timeliness (), for a product from a NWP process, is intended as the difference between the nominal 

time of the run start and the availability of forecast products, inclusive of the window cut-off for 

observation collection, analysis, initialisation, processing and output stabilisation.  For COSMO-ME we 

currently have: 

 timeliness  ~ 4 h. 

The accuracy (RMS) is the convolution of model features and observational data availability and 

quality.  Its evaluation is the task of the validation activity. 

Fig. 04 - Cloud microphysical processes considered in the two-category ice scheme. 
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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 

truth or with something assumed as ñtrueò.  PR-ASS-1, as any other H-SAF product, has been submitted 

to validation entrusted to a number of institutes (see Fig. 05). 

 

    
Precipitation products validation group 

Leader: Italy (DPC) 
    

              

                    

Belgium 
IRM 

 
Germany 

BfG 
 

Hungary 
OMSZ 

 
Italy 

UniFe 
 

Poland 
IMWM 

 
Slovakia 
SHMÚ 

 
Turkey 

ITU 

Fig. 05 - Structure of the Precipitation products validation team. 

Table 02 lists the persons involved in the validation of H-SAF precipitation products 
 

Table 02 - Validation Team for precipitation products 

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

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

Angelo Rinollo Institut Royal Météorologique (IRM) Belgium angelo.rinollo@oma.be 

Thomas Maurer Bundesanstalt für Gewässerkunde (BfG) Germany thomas.maurer@bafg.de 

Peer Helmke Bundesanstalt für Gewässerkunde (BfG) Germany helmke@bafg.de 

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

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

Bozena Lapeta Institute of Meteorology and Water Management (IMWM) Poland bozena.lapeta@imgw.pl 

J§n KaŔ§k Slovenský Hydrometeorologický Ústav (SHMÚ) Slovakia jan.kanak@shmu.sk 

ōuboslav Okon Slovenský Hydrometeorologický Ústav (SHMÚ) Slovakia luboslav.okon@shmu.sk 

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

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

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 early as 30 September 2006, i.e. about one year after the 

start of the H-SAF Development Phase.  After the first Workshop, other ones followed, at roughly 

yearly intervals, often joined with the Hydrological validation group. 

At the 1st H-SAF Workshop (Rome,16-18 October 2007), a first set of significant validation exercises 

was presented.  An internal document, called REP-3 (H-SAF Products Validation Report) started being 

compiled since then.  Now, moving to the end of the H-SAF Development Phase, REP-3 has been 

restructured into this Product Validation Report (PVR) split into 13 volumes, one for each H-SAF 

product.  The validation experiments recorded in REP-3 constitute ñAppendixesò to the various 

volumes.  Because of the initial aim of REP-3 (internal document at working level) the editorial level of 

the Appendixes is of rather low standard. 

3.2 Validation philosophy 

3.2.1 Objective and problems 

The products validation activity has to serve multiple purposes: 

 most urgent, 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; 
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 also urgent, to characterise the products error structure in order to enable the Hydrological 

validation programme to appropriately use the data; the Education & Training programme, part of 

the Hydrological validation programme, was particularly instrumental for this; 

 to build up the background information necessary for online quality control of the products before 

distribution; 

 in general, to enable attaching the necessary information on error structure to accompany H-SAF 

products 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 truthô does not exist. For the performance evaluation of the H-SAF precipitation 

products  the radar and rain gauge measurements have been assumed as óground truthô. This is due to the 

large use and experience of these data by the hydrologists, the main users of the products.  Comparison 

with results of numerical models obviously suffer of the incompatible scales between the natural 

phenomenon and the model (for hydrostatic NWP models) or the limits of atmospheric predictability 

when entering the scale of convection (for Cloud Resolving Models).  A mixture of all this techniques is 

generally used, and the results change with the climatic situation and the type of precipitation.  It is 

therefore necessary a European cooperation for this programme. 

3.2.2 Tools to be used for validation 

The areas chosen for the validation task include the basins where the hydrological validation is 

performed.  The data used for the validation of the satellite precipitations products are: 

 Ground data:  

- automatic rain gauges with different time resolution: 5 min, 10 min, 15 min, 30 min; 

- meteorological radars with different time resolution: 5 min, 10 min, 30 min.    

 Data for cloud types classification, containing information about water content in vertical column 

and for the discrimination of the synoptic situation are also foreseen. The main products used to 

derived these information are: products from the Nowcasting SAF; output from NWP models; 

SEVIRI composite images. 

Fig. 06 provides a view of the raingauge network used for precipitation products validation in H-SAF. 

 

 

Fig. 06 - The network of 4100 rain gauges used for H-SAF precipitation products validation. 
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Fig. 07 provides a view of the radar network utilised for precipitation products validation in H-SAF. 

 

 
 

Fig. 07 - The network of 40 C-band radar used for H-SAF precipitation products validation. 

3.2.3 Techniques to bring observations 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.  All the institutes applied the same up-scaling 

method to compare the satellite precipitation estimations with ground data.  

There are several approach to bring the observation comparable.  The simplest consists in comparing 

untransformed data, e.g. comparing areal data to observations at a nearest gauge station, or 

instantaneous images with information available within a time window.  Doing so, part of the error has 

to be attributed to the differences between sample volumes: this ñrepresentativeness errorò may be 

estimated by using high spatial and temporal resolution gauge data (e.g. Kitchen and Blackall 1992)1 or 

may be simulated in numerical experiments (e.g. Tustison et al. 2001)2.   

An alternative approach consists in upscaling reference observations to areal averages corresponding to 

the resolution of the precipitation products but in an equal-area map projection.  For rain-gauge data, 

this step requires the use appropriate interpolation scheme (e.g. Thiessen polygons, kriging, etc.).  For 

radar images, it requires to average the values measured at radar pixels included in each of the product 

                                                   
1
 Kitchen M. and R.M. Blackall, 1992: ñRepresentativeness errors in comparisons between radar and gauge 

measurements of rainfallò.  J. Hydrol., 134, 13-33. 
2
 Tustison B., D. Harris and E. Foufoula-Georgiou, 2001: ñScale issues in verification of precipitation forecastsò. J. 

Geophys. Res., 106, 11,775-11,784. 
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pixel.  For cumulate products, data from radar images have to be further integrated over the time 

intervals and using advection procedures to correct the effect of time sampling. 

The Scale Recursive Estimation (SRE) (Primus et al. 20013, Tustison et al. 20034, Gupta et al. 20065) 

can be used for the validation since observations are available at one ore more scales different than the 

scale of the H-SAF products.  This methodology consists in filtering noisy observations taking into 

account the scale-dependant variability and the nested spatial structure of precipitation.  It provides 

optimal estimates of precipitation at the desired scale i.e. unbiased and with the minimum variance as 

well as it gives information about uncertainty at that scale.  Nevertheless, it may require some 

resampling of the data to make it compatible with a cascade structure. 

There is a trade-off to be found between pooling the data in space and time in order to have a validation 

sample large enough and stratifying into sub-samples with comparable situations so as to avoid that the 

performance results be biased towards the dominant regime.  The validation data may be separated in 

seasons, night and day, sea and land, geographical regions, rainfall intensity and cloud or precipitation 

type. 

As mentioned before for the validation exercises inside this project the radar and rain gauge data were 

up-scaled taking into account the satellite scanning geometry and IFOV resolution of AMSU-B scan, 

SSMI and SEVIRI. Radar and rain gauge instruments provide many measurements within a single 

satellite IFOV, those measurements were averaged following the satellite antenna pattern of  AMSU-B, 

SSMI and SEVIRI. This activity was developed in collaboration with the precipitation product 

developers. 

Two codes were developed by the validation group for upscaling ground data data vs AMSU-B and 

SSMI IFOV.  All institutes involved in precipitation product validation activity uses these two codes 

developed by University of Ferrara and RMI6. 

About the SEVIRI data a common code was not developed, but all institutes involved in precipitation 

product validation activity uses the same up-scaling technique which was indicated by CNR-ISAC. A 

common code will be developed in CDOP. 

3.2.4 Structuring the results of the validation activity 

During the development phase a twofold validation strategy was applied: one based on large statistics 

(multi-categorical and continuous), and one on selected case studies. Both components were, and still 

are, considered  complementary in assessing the accuracy of the implemented algorithms. Large 

statistics help in identifying existence of  pathological behaviour, selected case studies are useful in 

identifying the roots of such behaviour where present. 

Common validation 

To produce a large statistical analysis of the H-SAF Precipitation Products it was necessary to define a 

ócommon validation methodologyô  in order to make comparable the results obtained by several 

institutes and to better understand their meanings. 

To achieve these goal it was necessary: 

 standardization of the up-scaling techniques of radar and rain gauge data vs  AMSU, SSMI and 

SEVIRI data, 

 introduction of quality  filter, 

                                                   
3
 Primus I., D. McLaughlin and D. Enthekabi, 2001: ñScale-recursive assimilation of precipitation dataò. Adv. Water 

Resour., 24, 941-953. 
4
 Tustison B., E. Foufoula-Georgiou and D. Harris, 2003: ñScale-recursive estimation for multisensor Quantitative 

precipitation Forecast verification: a preliminary assessmentò. J. Geophys. Res., 108, 8377-8390. 
5
 Gupta R., V. Venugopal and E. Foufoula-Georgiou, 2006: ñA methodology for merging multisensor precipitation 

estimates based on expectation-maximization and scale-recursive estimationò. J. Geophys. Res., 111, D02102,  

doi:10.1029/2004JD005568. 
6
 Van de Vyver H. and E. Roulin, 2009: ñScale recursive estimation for merging precipitation data from radar and 

microwave cross-track scannersò. J. Geophys. Res., 114, D08104, doi: 10.1029/2008JD010709. 
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 development and sharing of software packages.    

The Common Validation Methodology is based on comparisons with rain gauges and radar data to 

produce monthly Continuous verification and Multi -Categorical statistic scores for sea, land and coast 

area.   

The main steps are: 

 all the institutes compare the national radar and rain gauge data with the precipitation values 

estimated by satellite on the satellite native grid using the same up-scaling techniques; 

 all the institutes evaluate the monthly continuous scores (below reported) and contingency tables for 

the precipitation classes (below reported) producing numerical files called óCSô and óMCô files; 

 all the institutes evaluate PDF producing numerical files called óDISTô files and plots; 

 the precipitation product validation leader collect all the validation files (MC, CS and DIST files), 

verify the consistency of the results and evaluate the monthly common statistical results;  

The results obtained were: 

 discussed inside the validation group and with product developers by email and two annual 

meetings, 

 reported in the project document, 

 published in the H-SAF web page. 

Case studies 

Each Institute, in addition to the common validation methodology, developed a more specific 

Validation Methodology based on the knowledge and experience of the Institute itself.  This activity is 

focused on case studies analysis.  Each institute decides whether to use ancillary data such as lightning 

data, SEVIRI images, the output of numerical weather prediction and nowcasting products.  

The main steps are: 

 description of the meteorological event; 

 comparison of ground data and satellite products; 

 visualization of ancillary data deduced by nowcasting products or lightning network; 

 discussion of the satellite product performances; 

 indications to Developers; 

 making the ground data (if requested) available to satellite product developers. 

The results obtained were: 

 discussed inside the validation group and with product developers by email and two annual 

meetings, 

 reported in the project document, 

 published in the H-SAF web page. 

Subdivision in classes 

Since the accuracy of precipitation measurements depends on the type of precipitation or, to simplify 

matters, the intensity, the verification is carried out split in more classes.  For intensity, user 

requirements have been expressed for three classes; however, for working purposes, finer subdivision in 

11 sub-classes is used (see Fig. 08). 
 

Class 
1 2 3 

< 1 mm/h  (light precipitation) 1 - 10 mm/h  (medium precipitation) > 10 mm/h  (intense precipitation) 

Subclass 1 2 3 4 5 6 7 8 9 10 11 

(mm/h) < 0.25 0.25-0.5 0.5 - 1.0 1.0 - 2.0 2.0 - 4.0 4.0 - 8.0 8.0 - 10 10 - 16 16 - 32 32 - 64 > 64 
 

Fig. 08 - Classes and sub-classes for evaluating Precipitation Rate products. 
Applicable to PR-OBS-1, PR-OBS-2, PR-OBS-3, PR-OBS-4 and PR-ASS-1rate 
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For accumulated precipitation, user requirements are unclear in terms of dependence on amount.  We 

have adopted a 5-class splitting for results presentation and a 10-subclass subdivision for working 

purpose (see Fig. 09). 
 

Class 
1 2 3 4 5 

< 8 mm 8 - 32 mm 32-64 mm 64-128 mm > 128 mm 

Subclass 1 2 3 4 5 6 7 8 9 10 

(mm) < 1 1 - 2 2 - 4 4 - 8 8 - 16 16 - 32 32 - 64 64 - 128 128 - 256 > 128 

Fig. 09 - Classes and sub-classes for evaluating Accumulated Precipitation products. 
Applicable to PR-OBS-5 and PR-ASS-1accumulated 

The evaluation of the statistical scores split by precipitation classes allows to analyse the product 

performances not only for precipitation mean values (light precipitation being the more frequent) but 

also for higher value, the most interesting for Hydrology.  

Each Institute, in addition to the common validation methodology, developed a more specific 

Validation Methodology based on the knowledge and experience of the Institute itself.  This activity is 

focused on case studies analysis.  Each institute decides whether to use ancillary data such as lightning 

data, SEVIRI images, the output of numerical weather prediction and nowcasting products.  Specific 

validation activities are indicated by each partner in the appropriate section of Chapter 3.4. 

3.3 Definition of statistical scores 

It is appropriate to deploy the definitions of the statistical scores utilised in H-SAF product validation 

activities.  Some apply to ñcontinuous statisticsò, some to ñdichotomous statisticsò.   Although neither 

rain gauges nor radar constitute a very accurate ground truth, we assume as ñtrueò these observations, 

thus the departures of satellite observations will be designated as ñerrorsò 

Scores for continuous statistics: 

- Mean Error (ME) or Bias 

- Standard Deviation (SD) 

- Correlation Coefficient (CC) 

- Root Mean Square Error (RMSE) 

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

Stemming from the contingency Table: 
                  Contingency Table 

   Observed (ground)  

  yes no total 

 yes hits false alarms forecast yes 

Forecast (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. 

A large variety of scores have been defined.  The following are used in H-SAF 

- Frequency BIas (FBI) 

- Probability Of Detection (POD) 

- False Alarm Rate (FAR) 

- Probability Of False Detection (POFD) 

- Fraction correct Accuracy (ACC) 

- Critical Success Index (CSI) 

- Equitable Threat Score (ETS) 

- Heidke skill score (HSS) 

- Dry-to-Wet Ratio (DWR). 

yesobserved

yesforecast

misseshits

alarmsfalsehits
FBI     Range: 0 to Ð.  Perfect score: 1 

yesobserved

hits

misseshits

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

yesforecast

alarmsfalse

alarmsfalsehits

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

noobserved

alarmsfalse

alarmsfalsenegativescorrect

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

total

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

alarmfalsemisseshits

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

random

random

hitsalarmfalsemisseshits

hitshits
ETS         with 

total

yesforecastyesobserved
hitsrandom

 

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

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

 HSS ranges from -1 to 1.  0 indicates no skill.   Perfect score: 1. 

yesobserved

no observed

misseshits

negative correctalarm false
DWR   Range: 0 to Ð. Perfect score: n/a. 
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3.4 Inventory of validation facilities 

In the following sections the facilities utilised in the various Institutes to perform validation of 

precipitation products are described.  It is apologised that editing is not well homogenised since the 

various sections are recorded as they were contributed by the individual institutes, with minimum 

harmonisation effort in respect of length and level of detail. 

3.4.1 Facilities in Belgium (IRM) 

Ground data 

The validation results for Belgium presented in this report were obtained by comparison of the rain rates 

products with weather radar data and of the cumulated precipitation products with either cumulated 

weather radar data or rain gauge data.  Table 03 summarizes the ground data used as well as the domain 

over which the validation extends. The last row has been included but refers to results to be presented in 

the report on hydrological validation. 

 
Table 03 - List of ground data used for precipitation products validation in Belgium 

Product  Ground data Validation domain 

PR-OBS-1 MW Conical Wideumont Radar  230 km  230 km 

PR-OBS-2 MW Cross-Track Wideumont Radar  230 km  230 km 

PR-OBS-3 IR+MW Rapid Update Wideumont Radar  230 km  230 km 

PR-OBS-5 Cumulated 24h Cum. Wideumont Radar  230 km  230 km 

PR-OBS-5 Cumulated 24h SETHY Raingauges Walloon Region 

PR-OBS-5 Cumulated 24h RMI Daily Raingauges Test Catchments 

Weather Radar 

Belgium is well covered with three radars (see Fig. 10). A further radar is currently under construction 

in the coastal region. 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. 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 

Fig. 10 - Meteorological radar in Belgium. 
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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)7. 

Raingauge  

Several raingauge networks are managed in Belgium (see Fig. 11). RMI has a dense network of daily 

raingauge and an increasing network of automatic weather stations equipped with tipping bucket 

gauges. Other networks are operated by the Regional Authorities in charge of rivers. For the validation 

of the PR-OBS-5, we have used hourly data from the SETHY raingauge which are quality controlled 

daily at RMI. The daily data are gathered and checked with 1.5 to 2 month delay. These later data are 

mainly used in the hydrological validation programme. 
 

For the validation of the PR-OBS-5 cumulated rainfall product, a validation with raingauge data has 

been performed, in parallel to the radar validation. The reference data used are hourly rain gauge records 

from the SETHY (Walloon Region) network (Fig. 12). The network includes 89 automatic non-heated 

stations and 3 heated stations (in coincidence with non-heated ones). Only the non-heated stations have 

been considered, for the sake of uniformity. The data have been interpolated in onto a 5 km  5 km grid, 

following the Barnes method. The sensitivity parameter in the Barnes procedure has been set to 108, 

considering the fact that the mean distance between every station and its closest neighbor is roughly 104 

m. The interpolation procedure is iterative. If the mean squared difference between the source field and 

the interpolated field falls below 0.01 mm h-1, or if the improvement is below 1% between two steps, the 

procedure is stopped, otherwise it goes on for a maximum 20 iterations. The result is a series of files 

with interpolated data, one per hour.  

The quality of the interpolated data has been checked for several months in the following way: the 

interpolation is calculated taking into account all the stations except one, and the value corresponding to 

the missing station is estimated. The procedure is repeated for all the stations. A set of 89 reconstructed 

values is obtained, and compared with the measured data. The verification refers to the period from 

August to November 2008. The interpolation is first assessed in its capacity to reconstruct the rain / no 

rain field. Taking 0.01 mm h-1 as a threshold, the probability of correct rain (POD) is 0.79, the false 

reconstruction (FAR) is 0.07 and the equitable threat score (ETS) is 0.71. Then, statistical scores are 

calculated on a monthly basis. The bias ranges from 0.06 to 0.14 mm h-1, the root mean square from 

                                                   
7
 Goudenhoofdt E. and L. Delobbe, 2009: ñEvaluation of radar-gauge merging methods for quantitative precipitation 

estimatesò.  Hydrol. Earth Syst. Sci., 13, 195-203. 

Fig. 11 - RMI raingauges: daily ( ) and AWS (). Fig. 12 - SETHY AWS network in Walloon Region. 
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0.37 to 1.00 mm h-1 and the mean relative error from 0.09 to 0.19 for mean observed values of 0.50 to 

1.00 mm h-1. 

As preliminary test for the hydrological validation of PR-OBS-5, the data of the daily raingauge stations 

have been interpolated using the Thiessen polygons method and spatially averaged over the two test 

catchments. The values obtained have been compared with the corresponding cumulated values from 

satellite. 

Miscellaneous information 

For the analysis of test cases, additional information has been used like the cloud types identified using 

the SAF-NWC tools, the expertise of weather forecasters to select and analyze the synoptic conditions, 

the SAFIR maps of lightning impacts. 

Methodology 

From a local point of view, rain rates products based on microwave sensors onboard of Low Earth Orbit 

satellites are characterized by a varying coverage and projection. To make the statistics comparables 

from one file to the other, a validation domain has been defined which is a square of 230 km  230 km 

centered on the Wideumont radar location and only the products covering entirely this common area 

have been considered. To be more precise, for every product file, a sub-set of lines and columns 

including the common square has been extracted. Then, the radar data have been up-scaled to the 

projection of the sub-set of pixels and compared with the product estimates. 

 

The up-scaling of the radar data is performed taking the footprints of the microwave sensors into 

account. In Fig. 13, the Gaussian filter corresponding to the first scan position of the AMSU-B antenna 

(PR-OBS-2) is represented on the left. The filtering procedure is organized as follows (see the figure, on 

the right). First, a part of the radar image is selected (grey). Then, the radar data (0.6 km resolution are 

re-sampled onto a tilted grid (2 km resolution) where the Gaussian filter is  1% of maximum (dark 

grey). Tilting depends on the scan position and on the satellite overpass mode. Finally the Gaussian 

filter is applied. The black ellipse corresponds to half power. Additional information about the up-

scaling equations and about the tilting of the PR-OBS-2 pixels can be found in Van de Vyver and 

Roulin (2008). 

For PR-OBS-3 and PR-OBS-5, a sub-set of lines and columns has been also extracted which comprises 

the common validation area. The up-scaling has been simply performed by averaging the radar values 

included in each pixel in the SEVIRI projection. For the validation of PR-OBS-5 using raingauge data, 

the ground data have been interpolated as explained above and the comparison has been performed 

between the product estimate and the nearest interpolated grid point over a domain corresponding to the 

Walloon region in Belgium. Finally, the scores of the continuous statistics, the contingency tables and 

the probability distribution functions have been prepared on a monthly basis according to the rules 

common to all the teams involved in the precipitation products validation. 

Fig. 13 - Left: Gaussian filter; right: sketch of the up-scaling procedure. The circle corresponds to the range of the 
weather radar. The square in the middle is a common area such that it is entirely included in the selected PR-

OBS-2 files. The grey rectangle, the tilted dark grey rectangle and the black ellipse are explained in the text. 
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Scale Recursive Estimation 

As specific development, we have investigated an application of scale recursive estimation (SRE) to 

assimilate rainfall rates during a storm estimated from the data of two remote sensing devices. These are 

ground based weather radar and space-born microwave cross-track scanner (PR-OBS-2). Our approach 

operates directly on the data and does not require a pre-specified multi-scale model structure. We 

introduce a simple and computational efficient procedure to model the variability of the rain rate process 

in scales. The measurement noise of the radar is estimated by comparing a large number of datasets with 

rain gauge data. The noise in the microwave measurements is roughly estimated by using up-scaled 

radar data as reference. Special emphasis is placed on the specification of the multi-scale structure of 

precipitation under sparse or noisy data. The new methodology is compared with the latest SRE method 

for data fusion of multi-sensor precipitation estimates. Applications to the Belgian region show the 

relevance of the new methodology (Van de Vyver and Roulin 2009)8. 

                                                   
8
 Van de Vyver H. and E. Roulin, 2009. ñScale recursive estimation for merging precipitation data from radar and 

microwave cross-track scannersò. J. Geophys. Res., 114, D08104, doi: 10.1029/2008JD010709. 
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3.4.2 Facilities in Germany (BfG) 

Precipitation data 

One of the responsibilities of the Federal Institute of Hydrology (BfG) is the shipping related water level 

forecast for the river Rhine at low and middle flows. For tasks like hydrological modeling there is 

mainly a need for hourly and daily meteorological data which are provided to BfG by Germanyôs 

National Meteorological Service (Deutscher Wetterdienst DWD). 

It is intended to conduct precipitation validation activities for the territory of Germany. 

Germany has a rather dense network of raingauges and it is covered by 16 radars plus one research radar 

at Hohenpeissenberg (see Table 04, Table 05  and Fig. 14, from Bartels et al. 20049). 

Table 04 - Precipitation data available at BfG 
 

Data Number Resolution Delay Annotation 

Synoptical stations About 200 6h / 12h  Near-real-time  

TTRR stations About 1000 hourly Near-real-time  

PI (Picture Composite 
International) 

European 
radar sites 

15 min, 
4 km x 4 km 

Provided in 
hourly intervals 

International composite image with ground-
proximate radar reflectivity distribution 

RW (High Resolution Calibrated 
Quantitative Composite (national) 

16 German 
radar sites 

1 hour, 
1 km x 1 km 

Near-real-time Quantitative radar composite product from 
RADOLAN software 

 

Table 05 - Location of the 16 meteorological radar of the DWD 

Radar site Launch Model WMO No. Radar site Launch Model WMO No. 

München 1987 DWSR-88 C 10871 Rostock 1995 METEOR 360 AC 10169 

Frankfurt 1988 DWSR-88 C 10637 Ummendorf 1996 METEOR 360 AC 10356 

Hamburg 1990 DWSR-88 C 10147 Feldberg 1997 METEOR 360 AC 10908 

Berlin-Tempelhof 1991 DWSR-88 C 10384 Eisberg 1997 METEOR 360 AC 10780 

Essen 1991 DWSR-88 C 10410 Flechtdorf 1997 METEOR 360 AC 10440 

Hannover 1994 METEOR 360 AC 10338 Neuheilen-bach 1998 METEOR 360 AC 10605 

Emden 1994 METEOR 360 AC 10204 Türkheim 1998 METEOR 360 AC 10832 

Neuhaus 1994 METEOR 360 AC 10557 Dresden 2000 METEOR 360 AC 10488 

 

                                                   
9
 Bartels H. et al. / Deutscher Wetterdienst, Abteilung Hydrometeorologie, 2004: ĂProjekt RADOLAN -

Routineverfahren zur Online-Aneichung der Radarniederschlagsdaten mit Hilfe von automatischen 

Bodenniederschlagsstationen (Ombrometer)ñ. Summary report for the project period 1997-2004. 
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RADOLAN  

RADOLAN (Routine procedure for an online calibration of radar precipitation data by means of 

automatic surface precipitation stations óombrometersô) is a quantitative radar composite product 

provided in near-real time (via ftp) by DWD to BfG. Radar data are calibrated with hourly precipitation 

data from automatic surface precipitation stations.  For a description of the radar network see 

http://www.dwd.de/de/Technik/Datengewinnung/Radarverbund/Standorte.htm . 

The process chain from the five-minute-interval radar signals to the final hourly precipitation product is 

presented in the Fig. 15.  RADOLAN data of hourly precipitation (sampling period hh:51 min to 

(hh+1):50 min) have a precision of 0.1 mm/h and cover the whole territory of Germany with a spatial 

resolution of 1 km. 

 

Fig. 15 - Flowchart of online calibration 

RADOLAN (adapted from Bartels et al. 2004). 

Fig. 14 - Left panel: radar coverage in Germany as of 01/03/2007.  Right panel: location of ombrometers for 
online calibration in RADOLAN; squares: hourly data provision (about 500), circles: event-based hourly data 
provision (about 800 stations): red: AMDA III, blue: aggregational network federal states (Bartels et al., 2004). 
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3.4.3 Facilities in Hungary (OMSZ) 

Ground data description (instrument characteristic and map) 

In Hungary, about 90 automatic stations work (Fig. 16), where 10-min precipitation is measured by 

tipping bucket rain gauges. This data is used to correct the accumulated precipitation radar data 
 

 
                               Fig. 16 - The automatic rain gauge network in Hungary. 

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 (see Fig. 17 and Table 06).  
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 06 - Characteristics 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,KDP,ūDP 

2004 Poganyvar Dual-polarimetric, Doppler radar Z,ZDR,KDP,ūDP 

Ground data quality and accessibility 

Access to Hungarian radar data can be set up through contact with the responsible of the institute within 

the HSAF project. It will be provided for developers if required for case studies. 

Fig. 17 - Location and coverage of the three meteorological Doppler radars in Hungary. 


