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1. The EUMETSAT Satellite Application Facilities and H-SAF

T h eEUMETSAT Satellite Application Facility on Support to Operational Hydrology and Water
Management (FBAFp i s part of the distributed Euaopeard i cat
Organisation for the Exploitatin of Meteorological SatelliteqEUMETSAT) . The applicat
segment c o rCentra tAgplication Faaility \CAR) and a n g th WSatefike o f
Application Facilites SAF§ 06 dedi cated to devel opment and ope
derived data to support specific user communities. FgpeDl.

— Systems of the
Data Acquisition
EUM Geostationary AR EUM/NOAA other data
Systems v Cooperation sources
Data Processing
EUMETSAT HO I
Application Ground Segment + |
Meteorological Products Archive & Retrieval '
Extraction <P | Facility (Data Centre) <4==p | Satellite Application
EUMETSAT HO EUMETSAT HQ Facilities (SAFs)
Centralised processing Decentralised processing é ?éF
and generation of products and generation of prxjucts -
v

USERS |

Fig. 01 Conceptual scheme of the EUMET&pplication ground segment.
Fig. 02reminds the current composition of the EUMETSAT SAF network (in order of establishment).

oz & 2 & &

NWC SAF | OSISAF | O3M SAF | CM SAF | NWP SAF | GRAS SAF | LSA SAF | H SAF

Operational Hydiag:
& Water Managemsq

Nowcastingk Very Ocean and Sea Icel Ozone &tmospheric Climate Monitoring Nurge.;ggﬁ:vt\i/s:ther

Short Range Forecasti Chemistry Monitoring| GR/S Meteorology Land Surface Analysi

Fig. 02 Current composition of the EUMETSAT SAF network (in order of establishment).

The HSAF was established by tHeUMETSAT Council on 3 July 200%ts Development Phase gied
on T September 2008nd ends on 31 Augu010. The list ofH-SAF productss shown inTable01.

Table 0% List of HSAF products

Code | Acronym Product name

HO1 | PR-OBS-1 | Precipitation rate at ground by MW conical scanners (with indication of phase)

HO2 PR-OBS-2 | Precipitation rate at ground by MW cross-track scanners (with indication of phase)
HO3 | PR-OBS-3 | Precipitation rate at ground by GEO/IR supported by LEO/MW

HO04 | PR-OBS-4 | Precipitation rate at ground by LEO/MW supported by GEO/IR (with flag for phase)
HO5 | PR-OBS-5 | Accumulated precipitation at ground by blended MW and IR

HO6 PR-ASS-1 | Instantaneous and accumulated precipitation at ground computed by a NWP model
HO7 | SM-OBS-1 | Large-scale surface soil moisture by radar scatterometer

HO8 | SM-OBS-2 | Small-scale surface soil moisture by radar scatterometer

HO09 | 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
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2. Introduction to product PR-ASS-1

2.1  Principle of the product

Product PRASS1 (Instantaneous and accumulated precipga at ground computed by a NWP
mode) is the output of the operational COSMIE NWP model in use at CNMCA. Its main
characteristics are showumFig. 03.

Model Equations SubgridScale Clouds
. Basic hydatermodynamical equations in advection form, e Subgrigcale cloudiness (fractional cloud cover) is interpre
e no scale approximaties fully compressible anéhgdrostatic), empirical funcyion dep_ending diveetamiditp corresponding cl
e substraction of horizontally homogeneous basic state at rest| water content is also diagnosed.
Prognostic Variables Moist Convection
e Horizontal andrtieal wind components (u,v,w) e Masdlux convection scheme after Tiedtke (1989) with closur
e  Temperature (T) moisture convergence.
e  Pressure perturbation (p', deviation from the reféegnce sta e Option for a modified closure based on CAPE.
*  Specific humidity (qv), Radiation
: gggg:;:z g:gﬂg :’Z?Egﬁ?e?]tf?ti)(qc) e (Hwo stream ration scheme based on Ritter and Geylen (1
e a shortand longwave fluxes; full etadidtion feedback.
. Specific rain content (qr) o
e Specific snow content (gs) Turbulent Diffusion
e  Turbulent kinetic energy (tke) e Level 255cheme with a prognostic treatment of turbulent kine
e  Optionally, specific graupel content (qg) effects of subgsdale condenstation and evépoi@e included.
Coordinate System e Optionally, diagnostiddsure (at hierarchy level 2) for vertical d
e Rotated geogtapal (lat/lon) coordinate system horizontally, Subgridscale orography
e  Generalized terrfdfiowing heigtordinate vertically. e Blocked flow and gravity wave drag (Lott and Miller, 1997).
Grid Structure Surface Layer
e Arakawa-@rid, Lorenz vertical grid staggering e Scheme based on turbulent kinetic energy; inclisléoeffeubgr
Spatial Discretization scale thermal circulations.
e Seconerder horizontal and vertical differencing)(centred e Optionally, constant flux layer parameterization.
Time Integration Soil Processes
e 3 timdevel (Leapfrog) split explicit using extensions pro| |® Multlayer soil model including freezing of soil water (Schrodin
Skamarock and Klemp (1992). 2001).
e  Additional Options: e Optionally, tWayer soil model after Jacobsen and Hgsdi it
- 2 timdevel Rungéutta 3rdrder scheme (regular or TVD| PenmaiMonteith type transpiration. Snow and interception §
various options for kiger spatial discretizafigorstner ar| included. Climate values changing monthly (but fixed during
Doms, 2004), third layer.
-3 timdevel semimplicit scheme (Thomgs‘et al., 2000),‘ Current gea coverage
- 2 timdevel Rungéutta 2nd order spkiplicit scheme (Wicker|
Skamarock, 1998). 40°w 30°W  20°W 10°W 0° 10°E20°E 30°E 40°E 50°E  60°E
Numerical Smoothing ”)/ AN
e  Rayleigh damping layer at upper boundary 00w o .
e 4th order lineaorizontal diffusion with option for a monotonit =
including an orographic limiter,
e 3D divergence damping arckatering in split steps
Lateral Boundaries = S0°E
. lway nesting using the lateral boundary formulation to [
Turner (1977).
Initialzation
o  Diabatic digital filtering initialization scheme (Lynch et al. 199 —
GridScale Clouds and Precipitation -
. Cloud water formation dissipation by saturation adjustment. ‘
. Precipitation formation by a-pawdineterization including / ,ﬁ \ N
vapour, clowdater, cloud ice, rain and snow as hydrometeor ( 1o°w 0 10°E 20°E 30°E
(Doms 2002; Baldauf and Schultz 2004; Reinhardt and Seife|

Fig. 03 COSM@/E model formulation and current area coverage.

The role of PRASS1 is to provide a background precipitation field regular in space and time, unlike
satellitederived observations that are available at changing times and locations, depending on the
specific orbit. The product has been developed, pemtionally running and is being progressively

i mproved at CNMCA. 't i s a Ab@sshoweih FigoQ3) andtper o d u
number of runs/dawill not meet HSAF requiremenby the end of the Development Phalat it is
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fully operationalproduct The output consists of five figures ath8ur intervals: the rate and the
accumulated precipitation over 3. 6. 12 and 24 hours.

For more information, please refer to the Products anual (specifically, PUMG).

2.2 Algorithm princi ple

The baseline algorithm for RRSS-1 processing is described in ATBI®B. Only essential elements are
highlighted here Fig. 04 illustratesthe module that most concerns the precipitation products.

melting / freezing

rain / cloud ice collection

autoc. by
Iy cloud | .10 by deposition
ice aggregation
nucleation I ‘_
I melting
freezing
l | deposition
< ersion
rain | ccretion E cloud A riming
shedding L | water '
-« r '
condensation /
evaporation
sublimation
Y
evaporation water deposition
o vapour sublimation
4 I
sedimentation vertical Ipﬂﬂushrr SElﬂméEﬂfﬁﬁﬂn

Fig. 04 Cloud microphysical processes considered in theabagory ice scheme

2.3  Main operational characteristics
The operational chiacteristicoof PRASS-1 are discussed in PUBB. Here are the main highlights.

The horizontal resolutionAx), for a product generated by a NWP model, depends on the scale of
motion correctly represented in the modelor EOSMGME, as concerns preciptian products, it is
estimatedas ~ 30 km.The sampling interval consist of the model gridsh~ 7 km Thus:

e resolutionAx ~ 30 km - sampling distance: Km.

The observing cycleAt). All products are outputted att®ur intervals. This is the sahng 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 dxle(to be
reduced to\t ~ 6 hin the neardture, when runs at 06 and 18 UTC will be addédjus:

e observing cycleAt ~ 12 h - sampling time: 3 h.
Thetimeliness §), for a product from a NWP process, is intended as the difference between the nominal
time of the run start and the availabiliof forecast products, inclusive of the window -oft for

observation collection, analysis, initialisation, processing and output stabilisation. For GRIEM@
currently have:

e timelinessd ~4h.

The accuracy (RMS)s the convolution ofmodel featuresand observational data availability and
quality. Itsevaluation is the task oie validation activity
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3. Validation strategy, methods and tools

3.1

Whereas the previous operational characteristics have been evaluated on the Isyséenof
considerations (number of satellites, their orbits, access to the satellite) and instrument features (IFOV,
swath, MTF and others), the evaluation of accuracy requalédation i.e. comparison with the ground

Validation team and work plan

truth or

VA

t h

to validation entrusted to a number of institutes {5ge05).

Leader: Italy (DPC)
1

Precipitation products validation group

S b me ¢ GAEF gaB &y ctherrEAE praalsct, Has been submitted

Belgium
IRM

Germany
BfG

Italy
UniFe

Hungary
OMSZ

1
Poland
IMWM

Turkey
ITU

Slovakia
SHMU

Fig.05 - Structure of the Precipitation products validagam

Table @ lists the persons involved in the validation 68AF precipitation products

Table @- Validation Teamfrecipitation products

Silvia Puc@.eader) Dipartimento Protezione Civile (DPC) Italy silvia.puca@protezioneciv
Emmanuel Roulin Institut Royal MétéorologiiRid) Belgium | emmanuel.roulin@oma.bg
Angelo Rinollo Institut Royal Météorologitirid Belgium | angelo.rinollo@oma.be
Thomas Maurer Bundesanstalt fiir Gewasserkunde (BfG) Germany thomasnaure@bafg.de
Peer Helmke Bundesanstalt fiir Gewasserkunde (BfG) Germany helmke@bafg.de

Eszter Labé Hungarian Meteorological Service (OMSZ) Hungary | labo.@met.hu

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

Bozena Lapeta Institute of Meteorology and Water Management| Poland | bozena.lapeta@imgw.pl
J8n KaRS§k | Slovensky Hydrometeorologicky(Sktiit) Slovakia| jan.kanak@shmu.sk
dubosl| av O Slovensky Hydrometeorologicky(Sktiit) Slovakia| luboslav.okon@shmu.sk
AhmeOztopal Istanbul Technical Unive(i3ity) Turkey | oztopal@itu.edu.tr
Ibrahim &mez Turkish State Meteorological Service (TSMS) Turkey | isonmez@meteor.gov.tr

The Precipitation poducs validation programme startealith a first workshop in Rome, 201 June
2006 soon after the ¥BAF Requirements Review (Z& April 2006). The firstactivity was to lay
down theValidation plan, that was finalised as early 38 Septembe200§ i.e. about one year after the
start of the HSAF Development PhaseAfter the first Workshop, other ones followeat, roughly
yearly intervalspften joined wih the Hydrological validation group.

At the 1% H-SAF Workshop Rome,1618 October 2007), a first set of significant validation exercises

was presented. An internal document, called BER-SAF Products Validation Report) started being
compiled since tin. Now, moving to the end of thee$AF Development Phase, RBPhas been
restructured into this Product Validation Report (PVR) split into 13 volumes, one for e&&FH
product. The validation experiments recorded in BEP consti tut e f®A@pusndi X
volumes. Because of the initial aim of RBFinternal 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 mudtiplirposes:

e most urgent, to provide input to the product developers for improving calibration for better quality
of baselingroducts, and for guidanae the development of more advangedducts;
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e also urgent, to characterise the products error strugturerder to enable the Hydrological
validation programme to appropriately use the datafFithécation & Training programme, part of
the Hydrological validation programme, waarticularly instrumental fothis;

e to build up the background information nea@gsfor online quality control of the products before
distribution;

e in general, to enable attaching the necessary information on error structure to acconpaiRy H
products distribution in an opeenvironment, after the initighase of distribution limitto the se
called fibeta userso.

Validationis 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-8paceariability of the precipitation field

(sharing ceain aspects with fractal fields), that places severe sampling problems. It is known that an
absolute O6ground truthodé does not eSAKF grecipitatieno r  t |
products the radar and rain gauge measurements have beea assums 6 ground trut ho.
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 anthe 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 situatidrthe 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 tasklude the basins where the hydratmd validation is
performed. The datausedfor the validation of thesatellite pecipitationsproductsare

e Grounddata:
- automatic rain gauges with different time resolution: 5 min, 10 t&min, 30 min;
- meteorologicaladarswith different time resolution: 5 min, 10 min, 30 min.

e Data forcloud types classificatigrcontaining information about water content in vertical column
and for the discrimination of the synoptic situation are &seseen The main products used to
derived these information ar@roducts from theNowcastingSAF, output from NWP models;
SEVIRI composite image

Fig. 06 provides a view of theaingaugenetwork used for precipitation products validation HSAF.

% 5 Loy

Fig. 06 Thenetworkof 4100 rain gauges used feBMprecipitation products validatior
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Fig. 07 provides a view of the radar network utilised for precipitation products validatioRSAH

Fig. 07 The networbkf 40 Gband radaused for F5SAFprecipitation products validation

3.2.3 Techniques to bring observations comparable

Due to the time and spac&wture 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 highlyatinguates. 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 sdiaBiéel products are
defined with a spatial readion 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 argaaige 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 datan the satellite product native grid. All the institutes applied the sarsealing

method to compare the satellite precipitation estimations with ground data.

There are several approach to bring the observation comparable. The simplest consmsfgaIingo
untransformed data, e.g. comparirgeal 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 samplé w me s represemtatisenefsr r or 06 may
estimated by using high spatial and temporal resolution gaugéedgtditchen andBlackall 1992} or

may be simulated in numerical experimefets). Tustisonet al. 20013,

An alternative approach consish upscalingreference observations &wealaverages corresponding to

the resolution of the precipitation products but in an equeé map projection. For ragauge data,

this step requires the use appropriate interpolation schemel fgegsenpolygons,kriging, etc.). For

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

')Kitchen M. and R. M. Bl ackal I, 1992: ARepresentativenes
mea s ur e ment s J. blydrolr 184, 1833a | | o .
2 Tustison B., D. Harris and E. Foufote or gi ou, 2001: fAScale issuesdin verif

Geophys. Res106, 11,775.1,784.
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pixel. For cumulate products, data from radar images have to be further integrated over the time
intervals and using adveéah procedures to correct the effect of time sampling.

The Scale Recursive Estimati¢BRE) (Primus et al. 2081Tustisonet al. 2003, Gupta et al. 206

can be used for the validation since observations are available at one ore more scales diffeteat th
scale of the HSAF products. This methodology consists in filtering noisy observations taking into
account the scaldependant variability and the nested spatial structure of precipitation. It provides
optimal estimates of precipitation at the ided scale i.e. unbiased and wttke minimum variance as

well as it gives information about uncertainty at that scale. Nevertheless, it may require some
resamplingof the data to make it compatible with a cascade structure.

There is a tradeff to be found between pooling the data in space and time in order to have a validation
sample large enough and stratifying into-salmples with comparable situations so as to avoid that the
performance results be biased towards the dominant regime. The validetiomaly 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 prdjeatadar and raigauge data were
up-scaled takingnto account the satellite scanning geometry and IFOV resolution of ABIStan,
SSMI and SEVIRI. Radar and ragauge instruments provide many measurements within a single
satellite IFOV, those measurements were averaged following the satellite arattiena @f AMSUB,

SSMI and SEVIRI. This activity was developed in collaboratwith the precipitation product
developers.

Two codes were developed by the validation group for upscaling ground data data vsBABIED
SSMI IFOV. All institutes involved inprecipitation product validation activity uses these twaes
developed by University of Ferrara and RMI

About the SEVIRI data a common code was not developed, but all institutes involved in precipitation
product validation activity uses the samesaapling techniquaevhich was indicated by CNRSAC. A
common code will be developed in CDOP.

3.24 Structuring the results of the validation activity

During the development phase a twofold validation strategy was applied: one based on large statistics
(multi-categoical and continuous), and one on selected case stillitis components were, and still

are, consideredcomplementary in assessing the accuracy of the implemented algorithms. Large
statistics help in identifying existence gfathological behaviar, seleted case studies are useful in
identifying the roots of such behauiowhere present.

Common validation

To produce a large statistical analysis of th&AMF Precipitation Producis was necessary to define a
¢ ommon validat i omordaregd rake dampasaply the results obtained by several
institutes and to better understand their meanings.

To achieve thesgoal it was necessary:

e standardizatiorof the upscaling techniques of radar andirajauge data vsAMSU, SSMI and
SEVIRI data,
e introductian of quality filter,

Primus I ., D. Mc L a u g h ISdaler eacnudr sDi. v €E na shseiknaibli a Ad2ddréxero. f fipr e c
Resour, 24, 941953.

*Tustison B., E. Foufoul&e or gi ou and D. -rétarsive éssmatior2for nGltisensoiSQuantitative

precipitation Forecast verification: a preliminary assese nltGeophys. Resl08, 83778390.

> Gupta R., V. Venugopal and E. Foufoe or gi ou, 2006: AA met hodol ogy for me
estimates based on expectatioaximizationandscale e c ur s i v e J.&sophysmRetl11pD020D2,
doi:10.1029/2004JD005568.

®van deVyver H. and E. Roulin2 0 0 Scale récursive estimation for merging precipitation data from radar and

microwave cros$ r a ¢ k  sX @Geophyes.rRgsbl4, D08104, doi: 10.1029/2008JD010709.
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e development and sharing of software packages.

The Common Validation Methodologys based orcomparisons with rain gauges and radar data to
produce monthlyContinuous verificationand Multi -Categoricalstatistic scores for sea, laadd coast
area.

The main steps are:

e 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 sarsealipg techniques;

e all the institutes evaluate tmeonthly continuous scores (below reported) and contingency tables for
the precipitation classes (below reported) pr

e all the institutes evaluate PDF producing nume

e the precipitation productalidation 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:

e discussed inside the validationogp and with product developers by email and two annual
meetings,

e reported in the project document,

e published in the FSAFweb page.

Case studies

Each Institute, in addition to the common validation methodology, developeabra specific
Validation Methoddogy based on the knowledge and experience of the Institute itsEffis 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 prediatidmowcastingproducts.

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 prodyzerformances;

indications to Developers;

making the ground data (if requested) available tellgatproduct developers.

The results obtained were:

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

e repoted in the project document,

e published in the FSAFweb page.

Subdivision in classes

Since the accuracy of precipitation measurements depends on the type of precipitation or, to simplify
matters, the intensitythe verification is carried out split in mordasses. For intensity, user
requirements have been expressed for three classes; however, for working purposes, finer subdivision in
11 subclasses is used (sEdy. 08).

1 2 3
Class <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 | 0.250.5| 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. B - Classesand sulclassesfor evaluating Precipitation Rateduicts.
Applicable to PROBS1, PROBS2,PROBS3, PROBS4 and PRASSLiate
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For accumulated precipiion, user requirements are unclear in terms of dependence on amount. We
have adopted a-8lass splitting for results presentation and.Gasubclass subdivision foworking
purpose (sekig. 09).

Class 1 2 3 4 5
<8 mm 8-32 mm 3264 mm| 64128 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. ®- Cassesand sukbkclassesfor evaluating\ccumulated Precipitatigoroducts.
Appllcable to PRBS5 and PRASSlaccumulated

The evaluation of the statistical scores split by precipitation classes allows to analyse the product
performances not only for precipitation mean values (light precipitatiorg like more frequent) but
also for higher value, the most interesting for Hydrology.

Each Institute, n addition to the common validation methodolpglevelogd a more specific
Validation Methodology based on the knowledge and experience of the Insiisg. This activity is
focused on case studies analydtsach institute decidawhether touseancillary datasuchaslightning
datg SEVIRI images the outputof numerical weather prediction amdwcastingproducts. Specific
validation activitiesare indicated by each partner in thppropriate section of Chigo 34.

3.3  Definition of statistical scores
It is appropriatdo deploy the definitions of the statistical scores utilised 48AF product validation

activities. Some taippd §y, tvomMe otnd i Mdioulsotsdmau s S
rain gauges nor radar constitute a very accur at
thus the departures of satellite observations w

Scores for contiuous 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.

. 13
ME or bias :ﬁZ(satk —true, )

k=1

N
SD = J%z €at, —true, —-ME >
k=1

i(atk _sat §ue, —true | . L

cC = with sat:liIZ:satk and UE:NZtruek;

\/Z €at, —sat )Z Gue, truej - -

k=1

N
RMSE = \/N kz:: ~true, >

RMSE % = ii ¢at, —truek
N

k=1 tl‘ue k
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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
Forecas(satellite)| no misses correct negatives| forecast no
total [ observed ye§  observed no total
where:
- hit: event observed from the satellite, and also observed from thedgroun
- 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 use&ARH

- FrequencyBlas(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)

- Heidkeskill score (HSS)

- Dry-to-Wet Ratio (DWR).

_ hits +falsealarms _ forecastyes

FBI = : : = Range: 0 t oPerict score: 1
hits + misses observed yes

POD = — h|t§ = hits Range: 0 to 1. Perfect score: 1

hits + misses observed yes
FAR = — falsealarms = falsealarms Range: 0 to 1. Perfect score: 0

hits +falsealarms forecast yes
POFD = falstealarms = falsealarms Range: 0 to 1. Perfect score: 0

correctnegatives +falsealarms observed no
ACC = hits +correctnegatives Range: 0to 1. Perfect score: 1
total
hits . .

CSl =— . Range: 0 to 1. Perfect score: 1

hits + misses +falsealarm
ETS = . hits — hitS , 4om . With hits,, = observed yes *forecast yes

hits + misses +falsealarm —hits 4o total

ETS ranges from -1/3 to 1. 0 indicates no skill. Perfect score: 1.
HSS = (hits + correctnegatives) —(expected correct),, jom With

N —(expected correct), . 4om

(expected correct), yom =% Iobserved yes)(forecast yes)+(forecast no)(observed no):

HSS ranges from -1 to 1. O indicates no skill. Perfect score: 1.
DWR — false alarm +correct negative _ observed no Range: 0 t dPerfBet score: n/a.

hits + misses observed yes
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3.4 Inventory of validation facilities

In the following sectioa the facilities utilised in the various Institutes to perform validation of
precipitation products are described. It is apologised that editing is not well honsolyeirise 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 presedtin 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 rdar data or raigauge dataTable B summarizes the ground data used as welhaslomain

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

Product Grourd data Validation domain
PROBS1 MW Conical Wideumont Radar > 230 knx 230 km
PROBS2 MW Cros$rack Wideumont Radar > 230 knx 230 km
PROBS3 IR+MW Rapid Update Wideumont Radar > 230 knx 230 km
PROBS5 Cumulated 24h Cum. Wideumont Radar | > 230 knmx 230 km
PROBS5 Cumulated 24h SETHY Raingauges Walloon Region
PROBS5 Cumulated 24h RMI Daily Raingauges Test Catchments

Weather Radar

Belgium is vell covered with three radars (sergy. 10). A furtherradar is currently under construction

in the coatal region. These are Dopplerb@nd, 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 Avesnogglars respectively.

THE NETHERLANDS

N

T
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a
L}
o

100 kr
| AR

Fig. 10- Meteorological radar in Belgium.

In this report, only thewideumontradar has been used. The data of this radar are controlled in three
steps. First, a lorterm verification is performed as the mean ratio betweerodth radar and gauge
accumulation for all gauge stations at less than 120 &m the radar. The second method consists in
fitting a second order polynoatito the mean 24 h (8 to 8 h local tijwadar / 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 perforrew arsing 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 aatabken recently evaluated
(Goudenloofdt and Delobb&009J.

Raingauge

Several raingauge networks are managed in BelgagaFig. 11). RMI has a dense network of daily
raingaugeand an increasing network of automatic weather stations equipped withgtippicket
gauges. Other networks are operated by the Regional Authorities in charge of rivers. For the validation
of the PROBS5, we have used hourly data from the SETHihgaugewhich are quality controlled

daily at RMI. The daily data are gathered amecked with 1.5 to 2 month delay. These later data are
mainly used in the hydrological validation programme.

R N B B EE N B I R E I R R B
Fig. 12 RMIraingaugesdaily ¢) and AWSH. Fig. 2- SETHY AWS network in WallRegion.

For the validation of the RRBS5 cumulated rainfall product, a validation with raingauge data has
been performed, in parallel to the radaidation. The reference data used are hourly rain gauge records
from the SETHY (Walloon Region) netwo(kig. 12). The network includes 89 automatic Alosated
stations and 3 heated stations (in coincidence withhaated ones). Only the ndeated statiamhave

been considered, for the sake of uniformity. The data have been interpolated in onto<é&bXkngrid,
following the Barnes method. The sensitivity parameter in the Barnes procedure has been®%et to 10
considering the fact that the mean distanesveen every station and its closest neighbor is roughly 10

m. The interpolation procedure is iterative. If the mean squared difference between the source field and
the interpolated field falls below 0.01 mrt,tor if the improvement is below 1% betwe®m 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 followingeway: th
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 witle 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 mmhas a threshold, the probability of correct rain (POD{.iz9, 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 0.14mthehroot mean square from

" Goudenhoofdt E. and. Delobbe, 2009fEvaluation of radagauge merging methods for quantitative precipitation
estimates . Hydrol . 1E a9%20h Syst. Sci .,
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0.37 to 1.00 mm hand the mean rdige error from 0.09 to 0.19 for mean observed values of 0.50 to
1.00 mm R

As preliminary test for the hydrological validation of /S5, the data of the daily raingauge stations

have been interpolated using thkiessenpolygons method and spatialiweraged 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 typfesdidisinig
the SAFNWC 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 tho@rEiar
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 ZB&rkm

centered on the Wideumont radar locatiod amly the products covering entirely this common area
have been considered. To be more precise, for every product file,-setsob lines and columns
including the common square has been extracted. Then, the radar data have-besaduto the
projection of the sukset of pixels and compared with the product estimates.

N

Fig. 13 Left: Gaussian filter; right: sketch of thesaaling procedure. The circle corresponds to the range ¢
weather radar. Thejsare in the middle is a common area such that it is entirely included in the selec
OBS2 files. The grey rectangle, the tilted dark grey rectangle and the black ellipse are explained in the

The upscaling of the radar data is performed taking the footprints of the microwave sensors into
account. InFig. 13, the Gaussian filter corresponding to the first scan positioneoAMSU-B antenna
(PROBS2) 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 tilte grid (2 km resolution) where the Gaussian filteri4% 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. AdditionatnrEton about the up

scaling equations and about the tilting of the-®BS-2 pixels can be found in Van de Vyver and
Roulin (2008).

For PROBS-3 and PROBS5, a subset of lines and columns has been also extracted which comprises
the common validation aredhe upscaling has been simply performed by averaging the radar values
included in each pixel in the SEVIRI projection. For the validation oi0BE-5 using raingauge data,

the ground data have been interpolated as explained above and the compariseenhpsrformed
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 furtmons have been prepared on a monthly basis according to the rules
common to all the teams involved in the precipitation products validation.
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Scale Recursive Estimation

As specific development, we have investigated an application of scale recursiveiest{8RE) to
assimilate rainfall rates during a storm estimated from the data of two remote sensing devices. These are
ground based weather radar and sgam® microwave crossack scanner (P®BS-2). Our approach
operates directly on the data and does mequire a prepecified multiscale 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 ndatbsetsfwith

rain gauge data. The noise in the microwave measurements is roughly estimated by -ssizgdip
radar data as reference. Special emphasis is placed on the specification of tsealeuliiructure of
precipitation under sparse or noisy ddthe new methodology is compared with the latest SRE method
for data fusion of multsensor precipitation estimates. Applications to the Belgian region show the
relevance of the new mettiology (Van devyver and Roulir2009¥.

8Van de Vyver Hand E. Roulin, 2009iScale recursive estimation for merging precipitation data from radar an
microwave crosgrack scanners J. Geophys. Resl 14, 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
forecastfor the river Rhine at low and middle flows. For tasks likgdrological modelinghere is

mainly a need for hourly andaily meteorological datavhich are provided to BfG bgser many 6 s
National Meteorological Servic®gutscher WetterdienStwD).

It is intended to condugrecipitationvalidation activities for the territory of Germany.

Germany has a rather dense netwdrkatngaugesnd it is covered by 16 radars plus one research radar
at HohenpeissenbefgeeTable 04, Table G andFig. 14, from Bartels et al. 200%

Table @- Precipitation data available at BfG

Data Number | Resolution Delay Annotation
Synopticalations About 200 | 6h / 12h Neareaktime
TTRR stations About 100(4 hourly Neareaktime
PI (Picture Composite European | 15 min Provided in International composite image with-grg
International) radar sites| 4 km x 4 kn| hourly intervall proximate radeeflectivity distribution
RW (High Resolution Calibrat{ 16 German 1 hour Neasrealtime | Quantitative radar composite product f
Quantitative Composite (natio| radar sites| 1 km x 1 k| RADOLAN software

Table 6- Location of the 16 meteorologieaar of the DWD

Radar site Launch Model WMONo. Radar site Launch Model WMONo.
Miinchen 1987 | DWSR88 C 10871 | Rostock 1995 | METEOR 360 A{ 10169
Frankfurt 1988 | DWSR88 C 10637 | Ummendorf 1996 | METEOR 360 A{ 10356
Hamburg 1990 | DWSR88 C 10147 | Feldberg 1997 | METEOR 360 A{ 10908
BerlinTempelhof| 1991 | DWSR88 C 10384 | Eisberg 1997 | METEOR 360 A{ 10780
Essen 1991 | DWSR88 C 10410 | Flechtdorf 1997 | METEOR 360 A( 10440
Hannover 1994 | METEOR 360 A| 10338 | Neuheilerbach 1998 | METEOR 360 A{ 10605
Emden 1994 | METEOR 36@A| 10204 | Turkheim 1998 | METEOR 360 A{ 10832
Neuhaus 1994 | METEOR 360 A| 10557 | Dresden 2000 | METEOR 360 A{ 10488

° BartelsH. et al. / Deutscher WetterdignAbteilung Hydrometeorologie, 200APr oj ekt -RADOL AN
Routineverfahren zur Onlir&neichung der Radarniederschlagsdatat Hilfe von automatischen
Bodenniederschlagsstationen (Ombrométe&Symmary report for the project period 1928004.
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online calibration in RADOLAN; squares: hourly data provision (about 500), circleaseddrdurly dat
provision (about 800 stations): red: AMDA lIt, ddgeegationaletwork federal statéBartels et al., 2004

RADOLAN

RADOLAN (Routine procedure for an online calibration of radar precipitation data by means of
automatic surface precipitation statior o mb r o Jnie o epyanditétive radar composite product
provided in neareal time (via ftp) by DWD tdfG. 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 fiweinuteinterval radar signals to the final hourly precipitation product is
presented irthe Fig. 15. RADOLAN data of hourly precipitation (samplingepod 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.

Preprocessing I (5 min intervalls):
Input: Radar data (16 - shading correction
sites, 5 min intervalls) - refined Z/R relation

- composite production

Preprocessing II (2 % in 60 min}
*_ - summation to hourly composits

- statistical clutter suppression

- interpolation

1 3. Fig. 15 Flowchart of online calibration
Preprocessing III of Radar data with RADOLRN (adapted from Bartels et24104)
Input: RR-data station data (every 60 min):
{selected every 60 ==) - smoothing
min) via RADOLAN - precalibration

Calibration of Radar data with
station data {(every 60 min):
- calculation of calibration params

Qutput: and interpolation
Calibrated radar - callbrations _ -
precipitation === _ intersection of different calibration

{(every 60 min) procedures for .best result”
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3.4.3 Facilities in Hungary (OMSZ)

Ground data description (instrument characteristic and map)

In Hungary, about 90 autmatic stations workFig. 16), where 16min precipitation is measured by
tipping bucket rain gauges$his data is used to correct the accumulated precipitation radar data

Fig. B - Theautomatigain gauge network in Hungary.

The main data used for validation in Hungary would be the data of meteorological fduzes.are
three Cband dual polariz& Doppler weather radarsperated routinely by the OMSZAungarian
Meteorological ServicéseeFig. 17 andTable ().

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

Table 6- Characteristicef the three meteorological Doppler radars in Hungary

Year of installatio] Location Radar type Parameters measurg
1999 Budapest| Dualpolarimetric, Doppler r3 Z, HR
2003 Napkor | Dualpolarimetric, Dopplerra  Z,ORKDR BP
2004 Poganyval Dualpolarimetric, Dopplerrg  Z,2DRKDR BP

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 foregtelopers if required for case studies.



