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Acronyms
AMSU Advanced Microwave Sounding Unit (on NOAA and MetOp)
AMSUA Advanced Microwave Sading Unit- A (on NOAA and MetOp)
AMSUB Advanced Microwave Sounding UnB (on NOAA up to 17)
ATDD Algorithms Theoretical Definition Document
AU AnadoluUniversity (in Turkey)
BfG Bundesanstalt fir Gewéasserkunde (in Germany)
CAF Central Applicatin Facility (of EUMETSAT)
CDOP Continuous Developmer®perations Phase
CESBIO Centre d'Etudes Spatiales deBEOsphere (of CNRS, in France)
CMSAF SAF on Climate Monitoring
CNMCA Centro Nazionale di Meteorologia e Climatologia Aeronautica (in Italy)
ANR Consiglio Nazionale delle Ricerche (of Italy)
CNRS Centre Nationale de la Recherche Scientifique (of France)
DMSP Defense Meteorological Satellite Program
DPC Dipartimento Protezione Civile (of Italy)
EARS EUMETSAT Advanced Retransmission Service
ECMWF European Centre for Medisrange Weather Forecasts
EDC EUMETSAT Data Centre, previously knownsiABF
EUM Short for EUMETSAT

EUMETCast 91 a9 ¢ {Bro&dtrat System for Environmental Data
EUMETSAT European Organisation for the Exploitation of letological Satellites

FMI Finnish Meteorological Institute

FTP File Transfer Protocol

GEO Geostationary Earth Orbit

GRASSAF SAF on GRAS Meteorology

HDF Hierarchical Data Format

HRV High Resolution Visible (one SEVIRI channel)

H-SAF SAF orSupportto Operational Hydrology and Water Management

IDL® Interactive Data Language

IFOV Instantaneous Field Of View

IMWM Institute of Meteorology and Water Management (in Poland)

IPF Institut fur Photogrammetrie und Fernerkundung (of-Wien, in Austria)
IPWG International Precipitation Working Group

IR Infra Red

IRM Institut Royal Météorologique (of Belgium) (alternative of RMI)

ISAC LadAaddziz RA {OASYIT S RSttQrivy2zafsSNr+ S RSt [/ fAY
ITU T a ( | T¢ahrdehl University (in Turkey)

LATMOS Leboratoire Atmospheres, Milieux, Observations Spatiales (of CNRS, in France)
LEO Low Earth Orbit

LSASAF SAF on Land Surface Analysis

Météo France  National Meteorological Service of France

METU Middle East Technical University (in Turkey)

MHS MicrowaveHumidity Sounder (on NOAA 18 and 19, and on MetOp)
MSG Meteosat Second Generation (Meteosat 8, 9, 10, 11)

MVIRI Meteosat Visible and Infra Red Imager (on Meteosat up to 7)

MW Micro Wave

NESDIS National Environmental Satellite, Data and Informatiorvides

NMA National Meteorological Administration (of Romania)

NOAA National Oceanic and Atmospheric Administration (Agency and satellite)
NWGCSAF SAF in support to Nowcasting & Very Short Range Forecasting

NWP Numerical Weather Prediction

NWRSAF SAFon Numerical Weather Prediction
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ORR
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PEHRPP
Pixel
PMW
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PUM
PVR
RMI
RR

RU
SAF
SEVIRI
SHMU
SSM/I
SSMIS
SYKE
TB B

TKK
T™I
TRMM
TSMS
TUWien
U-MARF
UniFe
URD
uTC
VIS
ZAMG

SAF on Ozone and Atmospheric Chemistry Monitoring
Hungarian Meteorological Service

Operations Readiness Review

SAF on Ocean and Sea Ice

Probability Density Function

Pilot Evaluatiorof High Resolution Precipitation Products
Picture element

Passive MicrdWave

Project Plan

Precipitation Radar (on TRMM)

Product User Manual

Product Validation Report

Royal Meteorological Institute (of Belgium) (alterwvatiof IRM)
Rain Rate

Rapid Update

Satellite Application Facility

Spinning Enhanced Visible and IARad Imager (on Meteosat from 8 onwards)
Slovak HydréMeteorological Institute

Special Sensor Microwave / Imager (on DMBRo F15)
Special Sensor Microwave Imager/Sounder (on DMSP starting \iih S
Suomen ymparistokeskiginnish Environment Institute)
Equivalent Blackbody Temperature (used for IR)
Teknillinen korkeakoul(Helsinki University of Tanology)
TRMM Microwave Imager (on TRMM)

Tropical Rainfall Measuring Mission UKMO

Turkish State Meteorological Service

Technische Universitat Wien (in Austria)

Unified Meteorological Archive and Retrieval Facility
University of Ferrara (in Italy)

User Requirements Document

Universal Coordinated Time

Visible

Zentralanstalt fur Meteorologie und Geodynamik (of Austria)




Doc.N: SAFHSAPVR02/1.1
Issue/Revision Index: 1.1
Date:30/09/2011
Pagel14/177

Product Validation ReporPVR02
(Product HOZ, PROBS?2)

1 The EUMETSAT Satellite Application Facilities arfalAF

¢ K SEUMETSAT Sattdl Application Facility on Support to Operational Hydrology and Water
Management (MFSAR) A &4 LI NI 2F (GKS RA&GNRAOMzi SR Ebropean A Ol G
Organisation for the Exploitath of Meteorological SatelliteEUMETSAT)® ¢ KS Iroudldift A OF
aS3avYySyd O2Central Applicatién Facility (6AF) | Y R |y S (iSalNg ApichtiorS A 3 K {
FacilitesfAF6 ¢ RSRAOIF GSR (2 RS@St2LIVSyd | yRderadfatd G A 2y
to support specific user communitieseesfig. 1.

Systems of the

Data Acquisition
EUM Geostationary i Gl EUM/NOAA other data
Systems v Cooperation sources
Data Processing
EUMETSAT HO
Application Ground Segment
v h
Meteorological Products Archive & Retrieval
Extraction <P | Facility (Data Centre) <4=—p | Satellite Application
EUMETSAT HO EUMETSAT HQ Facilities (SAFs)
Centralised processing Decentralised processing é SAF
and generation of products and generation of products -
[ |

v

USERS |

Figurel Conceptual scheme of the EUMETSAT application ground segment

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

establishment).

NWC SAF

-

OSI SAF

2

O3M SAF

CM SAF

NWP SAF

-3

GRAS SAF

o

LSA SAF

H SAF

Ozone & Atmospheri

Numerical Weather

Operational Hydrolol

Nowcastingk Very
Short Range Forecasti

Ocean and Sea Ice] Climate Monitoring GRAS Meteorology | Land Surface Analysi & Water Managemd

Chemistry Monitoring| Prediction

Figure2 Current composition of the EUMERS SAF network (in order of establishmgnt

Conceptial scheme of the EUMETSAT application ground segment

The HSARwvas established by thEUMETSAT Council on 3 July 2@83)evelopment Phase started on

1% September 200%nd ended on 31 Augu@010.TheSAF 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 oH-SAF products shown inTable 1
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Acronym | Identifier [Name
PROBSL H-01 |Precipitation rate at pound by MW conical scanners (with indication of phase
PROBS? H02 Precipitation rate at ground by MW croessick scanners (with indication of
phase)
PROBS3 H-03 |Precipitation rate at ground by GEO/IR supported by LEO/MW
PROBA H04 Precipitaton rate at ground by LEO/MW supported by GEO/IR (with flag for
phase)
PROBS5 H-05 |Accumulated precipitation at ground by blended MW and IR
PROBS6 H-15 |Blended SEVIRI Convection area/ LEO MW Convective Precipitation
PRASSI H06 Instantaneous andccumulated precipitation at ground computed by a NWP
model
SMOB&2 H-08 |Smaliscale surface soil moisture by radar scatterometer
SMOBS3 H-16 |Largescale surface soil moisture by radar scatterometer
SMDAS2 H-14 |Liquid root zone soil water inddoy scatterometer assimilation in NWP model
SNOBS1 H-10 |Snow detection (snow mask) by VIS/IR radiometry
SNOB&2 H11 |Snow status (dry/wet) by MW radiometry
SNOBS3 H-12 |Effective snow cover by VIS/IR radiometry
SNOB# H-13 |Snow water equivaldarby MW radiometry

Tablel H-SAF Product List

2 Introduction to product PROBS1

2.1 Sensing pnciple
Product PROB&2 is based on the instruments AM&Uand AMSWB or MHS flown on NOAA and

MetOp satellites. These creimck scannergrovide images with constargngular sampling across

track, that impliesthat the IFOV elongates as the beam moves from nadir toward the edge of the scan

(see next figurg The elongation is such that:
o for AMSUA the IFOV at nadir is: 48 x 48%mt theedge of the 2250 km swath: 80 x 150%m
e for AMSUB and MHS the IFOV at nadir is: 16 x 14 kinthe edge: 27 x 50 Km
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%™

Direction
of Flight

Figure3 Geometry of crosgrack scanning for AMSU

Since the incidence angle changes moving et@gk, the effect of polaration also changes, thus the
information stemming from dual polarisation would be very difficult to be used, and in effect the
various frequencies are observed under a single polarisation, V or H. The resolution is constant for all
frequencies in AMSA @8 km ats.s.p) and AMSEB/MHS (16 km &3.s.p).

The NOAA satellites are managed by NOAA, MetOp by EUMETSAT. Both NOAA and MetOp provide
direct-read-out (the realtime transmitter of MetOp suffered of a failure, but now transmission of data
over Europehas been resumed).

For more information, please refer to the Products User Manual (specifically, volumedR)JJM

2.2 Algorithm principle

The baseline algorithm for RBBS2 processing is described in AFDR Only essential elements are
highlighted here.

Next figure illustrates the flow chart of the AMSWUHS processing chain.
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AMSUA (~48 km) AMSLUA (~16 km) CloudRadiation

Database from a CH
+ a RTM, used to tr
the Neural Networ

. Limb and surfag
ResampllngAMSUA to correction base| PREGPITATION
AMSIB/MHS grid on Neural RATE
Network

Retrieval algorithm
based on a Neura|
AMSUB or MHS16 km Network

Figure4 Flow chart of the AMSWMHS precipitation rate processing chain

The first step is to resample AM8Ubrightness temperature (TB) to AMBIMHS gid using bilinear
interpolation. Then AMSA and AMUS/MHS radiometers are corrected for limb and surface effects,

to report the viewing geometry changing across the image, to vertical viewing. This is obtained by
applying procedures based on specifieural Networks (one Net for each channel). The instantaneous
rain field is finally retrieved by using a Neural Network on the corrected TBs.

In the initial product release the Neural Network had been trained by selected radars of the NEXRAD
network. In tke current release the Neural Network is trained by a ClRadiation Database (CRD)
built by applying &RadiativeTransfer Model (RTM) to simulated cloud systems derived by a Cloud
Resolving Model (CRM).

2.3 Main operational characteristics
The operational céracteristicoof PROBS2 are discussed in PUBR. Here are the main highlights.

The horizontal resolution4k) descends from the instrument Instantaneous Field of ViéROY).
AMSUA and AMSWB/MHS have constant resolution with frequency (different AVISUA, 48 km at
nadir, and AMSWB/MHS, 16 km at nadir), degrading acrssan (80 x 150 and 27 x 50 %m
respectively, at the very edge of scampower resolution AMS data areresampledover the AMSU
B/MHS grid by means of bilinear interpolatioAs avhole, a representative valu®r the final product
couldbe ~ 40 km.Sampling is made at 16 kmintervals, the AMSWB/MHS resolution at nadifhus:

e resolutionAx ~ 40 km - sampling distance: 16 km.

Theobserving cycleA) is defined as the averagiime interval between two measurements over the
same area. In the case of LEO, the observing cycle depends on the instrument swath and the number
of satellites carrying the addressed instrumeror PROBS2 there are one MetOp (orbit: 9:30 LST)

and upto 5 NOAA satellites. However, AMSIHS on NOAA is in a good status only for NQ8&Aand
NOAALY9, that follow approximately the same orbit, close to 14:00 LST. Therefore the total service is
equivalent to that one of two satellites, around 9:30 and D4IOST. In average the observing cycle
over Europe ig\t ~ 6h, with actual interval ranging from 4.5 to 7.5 hours. Gaps are filled by product
PROBSL, that also has observing cyae ~ 6h, but LST around 7:00 and 18:00, with actual intervals
ranging fom 2 to 10 hours. The conclusion is:
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o for PROB& as stand alone (from NOAA & MetOp satellites): cytke 6 h, sampling 4:5.5 h;
e for the composite PRBS1 + PROBS&2 system: cyclat = 3 h, sampling-4.5 h.

Thetimeliness ) is defined as the timbetween observation taking and product available at the user
site assuming a defined dissemination mean. The timeliness depends on the satellite transmission
facilities, the availability of acquisition stations, the processing time required to gendratproduct

and the reference dissemination meanBirectread-out is provided by all NOAA satellites and, after
partial recovery from the AHRPT transmitter failure, alsavstOp-A. After adding the processing

time we have:

e timelinessd ~ 0.5 h.

The accuacy (RMS)is the convolution of several measurement features (random error, bias,
AaSyariArgaies LINBOA&AZ2YS X0 ¢2 aAYLdhgaFsduarey | GG S
difference [observed referencevalues]. The accuracy of a satelliderived product descends from

the strength of the physical principle linking the satellite observation to the natural process
determining the parameter. It is difficult to be estimatagpriori: it is generally evaluated-posteriori

by means of thevalidation activity

3 Validation strategy, methods and tools
3.1 Validation team and work plan

To evaluate the satellite precipitation product accuracy a Validation Group has been established by
the beginning of the Validation Phase in theSAF projectThePredpitation Product Validation team

is composed of experts from the National Meteorological and Hydrological Institutes of Belgium,
Bulgaria, Germany, Hungary, Italy, Poland, Slovakia, and Tlide$. Hydrologists, meteorologists,

and precipitationground data experts, coming from these countries are involved in fhreduct
validation activitiegTable2).

HO1has been submitted to validation &l these countries except Bulgaria. Until now the Bulgarian
data are used only foHO5 validation activityaccording to the Project Plan. Their use in the next
months is under consideration.

Precipitation Products
Validation Group: Italy (DPC)

Belgium Bulgaria Hungary Italy Poland Slovakia Turkey
IRM NIMH-BAS OMSZ UniFe M WM SHMU ITU TSMS

Figureb Structure of the Precipitation products validation team

Validation team for precipitation products

Silvia Pua (Leader) Dipartimento Protezione Civile (DPC) | ltaly silvia.puca@protezionecivile.it

emanuela.campione@protezionecivild

Emanuela Campione | Dipartimento Protezione Civile (DPC) | Italy t
Gianfranco Vulpiani | Dipartimento Protezione Civile (DPC) | Italy gianfranco.vulpiani@protezionecivile.
Alexander Toniazzo | Dipartimento Protezine Civile (DPC) | ltaly alexander.toniazzo@protezionecivile.

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

National Institute of Meteorology and
Hydrology Bulgarian Academy of
Gergana Kozinarova | Science$NIMH-BAS Bulgaria | gkozinabva@gmail.com

National Institute of Meteorology and
Hydrology Bulgarian Academy of
Georgy Koshinchanov| Science$NIMH-BAS Bulgaria | georgy.koshinchanov@meteo.bg

Hungarian Meteortogical Service

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

Judit Kerenyi (OMSZ) Hungary | kerenyi@met.hu
Ferrara University, Department of

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

Lisa Milani Physics (UniFe) Italy milani@fe.infn.it
Institute of Meteorology and Water

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

Rafal Iwanski Management{IMWM) Poland | Rafal.lwanski@imgw.pl
Slovensky Hydrometeorologicky Ustav

Jan Ka t | (SHMU) Slovakia | jan.kanak@shmu.sk
Slovensky Hydrometeorologicky Ustav

] dzo 2 &t I @ h|(SHMU) Slovakia | luboslav.okon@shmu.sk
Slovensky Hydrometeorologig Ustav

Marian Jurasek (SHMU) Slovakia | marian.jurasek@shmu.sk

Ahmet Oztopal Istanbul Technical University (ITU) Turkey | oztopal@itu.edu.tr
Turkish State Meteorological Service

Ibrahim Sonmez (TSMS) Turkey |isonmez@dmi.gow:t
Turkish State Meteorological Service

Aydin Gurol Erturk (TSMS) Turkey |agerturk@dmi.gov.tr

Table2 List of the peopleinvolved in the validation of HSAF precipitation products

The Precipitation products validation programme started with a first workshop in Rom@120lune
2006, soon after the ¥5AF Requirements Review 2B April 2006). The firstctivity was to lay down

the Validation plan, that was finalised as first draft gads 30 September 2006. After the first
Workshop, other ones followed, aeast one per year to exchange experiences, problem solutions and
to discusspossible improvement ofhe validation methodologiesOften the Precipitation Product
Validation workshp arejoined with the Hydrological validation group.

The results of the Product Validation Programme are repometiis Prodwct Validation Report (PVR)
andare published in thealidation section of thé-SAF web page. A new structure and visualization
the validation section of ¥5AF web page is in progress to take into account the user needs. This
validation websection is continuously updated with the last validation results and studies coming from
the Precipitation Product Validation Group (PPVG).

In the last Validation Workshop hostday Slovensky Hydrometeorologicky UsiavBratislava, 222
October 2010 ithas been decided to introduce several Working Groups to solve spieifis of
validation procedure and to develop software used by all rhera of the validation cluster. The
coordinators and the participants of the working groups are members of the PPVG or external experts
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of the institutes involved in the validation activities. The first results obtained by the Working Groups
are here repated.

3.2 Validation objects and problems

The products validation activity has to serve multiple purposes:

e to provide input to the product developers for improving calibration for better qualftpaseline
products, and for guidanca the development of mee advancegroducts;

e to characterise the product error structure in order to enable the Hydrological validation
programme to appropriately use the data;

e to provide information on product erroto accompanythe product distribution in an ope
environment,after the initialphase of distribution limited tothe s©@F t £ SR G o6 S dzd SN&

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 spaeevaiability of the precipitation

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

LG A& 1y2s6y KL (Gefelenee | ®R2 5 & dziyf $hei HsHf NEbjeryfitRe validationis

based on comparisons of sdltee products with ground data: radar, rain gauge andamathtegrated

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. BRv@dly to
develop software for all steps of the Validation Procedure, a software available to all the members of
the PPVG. Three months ago the radar and rain gauge Working Group (WG) have been composed in
order to solve these problems. The first rdsubbtained by the working groups are reported in the
following sections and a complete documentationaigailable as annef-7 of this document. In
addition to the radar and rain gauge WG other WG have lmenposed onintegrate various sets of
precipitation data sources¢ raingauge network, radar network, NWP models outputs and
climatological standards into common precipitation pratiu which can describe theareal
instantaneous and cumulated precipitation field®CA-WG) and to investigate the oppotnity to

create geographical maps of error distribution for providing informationtest catchments to the
Hydrological Validation Grol(GEO MARWG)

3.3 Validation methodology

From the beginning of the project it was clear the importance to define a camradidation
procedure in order to make the results obtained by several institutes comparable and to better
understand their meanings. The main steps of this methodology have been identified during the
development phase inside the validation groupcollhboration with the product developersandwith

the support of ground data experts. The common validation methodology is based on ground data
(radar and rain gauge) comparisons to prodilesge statistic(multi-categorical and continuous), and
case study malysis. Both components lérge statistic and case study analys&sg considered
complementary in assessing the accuracy of the implemented algorithms. Large statistics helps in
identifying existence of pathological behaviour, selected case studiesisaf@l in identifying the

roots of such behaviour, when present.

The main steps of the validation procedure are:

e ground data error analysis: radar and rain gauge;
e point measurements (rain gaugspatialinterpolation;
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e up-scalingof radardataversus SSMjrid;

e temporal comparison of precipitation products (satellite and ground);
e statistical scores (continuous amaulti-categoricalevaluaton;

e case study analysis.

3.4 Ground data and tools used for validation

Both rain gauge and radar data have been usedl matw for HO1 validationAs said in therevious
section during the last Precipitation Product Validation Workshop held in Bratislax2f Pixtober

2010 it has been decided to set up Working Groups to solve specific items of the validation procedure
andto develop software used by all members of the validation cluster. A complete knowledge of the
ground data characteristics used inside the PPVG has been the first item of the working ¢hsuss
necessaryo understand the validation results and tofde the procedure to select the most reliable
RFEGF G2 NBLINR@REwd & tomple KPatrydriRtheesults obtained by the Working
Group on rain gauge, radar and ground data integration are reported iCtiagpter 4 witha complete
inventory d the ground data used within the PPVG.
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Figure6 The network of 3500 rain gauges used forSAF precipitation products validation

The rain gauge networks of PP@&omposed of approximatelyb@0 stations across 6 Countries
(Figureb). 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 densityinstruments number and density are summarized able3.

Country Total number of gauges * | Average minimum
distance (km)
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Belgium 89** 11.2

Bulgaria 37*** 7

Germany 1300 17

Italy 1800 9.5

Poland 330475 13.3

Turkey 193%xx * 27

Table3 Number and density of raingauges within-SAF validation Group

* the number of raingauges could vary from day to day due to operational efficiency within a
maximum range of 105%.

** 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 (se€abled).

The rain gauge inventory (Chapter 4) proposedréay gaugeWG (annex 2) 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 HR®VG are surely appropriated for the
validation of cumulated products (1 hour and higher), but probably not for instantaneous estimates.
The comparison of satellite rain rate with hourly cumulated ground measurements surely introduces
intrinsic errors in e matching scores, that can be estimated as very large. The validation of
instantaneous estimates should be carried on only when gauges cumulation interval is 10 to 15
minutes (as in Poland). Values cumulated over shorter intervals (5 or even one naigtés done in
Turkey) are affected by large relative errors in cases of low/moderate rain rates. Studies are
undertaken in order to quantitatively estimate the errors introduced in the validation procedure
comparing the instantaneous satellite precigitan estimation with the rain gauge precipitation
cumulated on different intervals.

Moreover the revisiting time (3,4 hours) of HO1 makes impossible or not reasonable to validate the
product for £24 hours cumulated interval.

The WG has also pointed outat different approaches for the estimates matching are considered in
the PPVG. One of the next step of the WG will be to define in collaboration wit¢adMapWG
(Annex 7) the spatial interpolation technique and to develop the related software to be insgide

the PPVG.

Country | Minimum detectable | Maximum detectable | Heating system| cumulation
rainrate (mm h?) rainrate (mm h") (Y/N) 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

Table4 Summary of the raingauge characteristics

* only 300 out of 1800 gauges are heated
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An inventory orradardata, networks and products uséd PPVG (Chapter 4)as pointed out that

all the institutes involved in the PPVG declared the system areikeptelatively good statuand

all of them apply some correction factors in their processing chain of @atar In Figure7 there is

the map of the54 Cband ralarsavailable in the HSAFPPVGOnly the radar data which pass the
quality control of the owner Institute are used by the PPVG for validation activifiesieve, these
correction factors are diverse in the countries, depending on their capacitiesnai sources of
error in the radar measurement§.hisalsomeans 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 PPV.Glowever, each countyan provide useful information of the error structure of

its rainfall products based on its own resourc@heRadar-WG (Annex 3) is now working to define
quality index (static or dynamic) in order to select the more reliable radar fields and to assatiate a
error structure to the radar data. Quality information should take into account thear
site/geographicalareas/event type/radar products. The study performed by the Slovakian team
(Annex 4) and the scheme published hySztura et all 2008 on the quality index evaluation are
under consideration by th&®adarWG. In the future the atellite product testing will be carried out
using only the data having a sufficient quality biué validation results showed in this document have
been obtained using dar data which passed only data owner institute controls.
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Figure7 The networks of 54 @and radars available in ther 3AF PPVG
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The studies that have been carried out in the PPVG on comparison of radar data with rain geuge d
have shown that RMSE error associated with radar fields depends considerabdglamminimum
visible height above the rain gauge mountainous terrains like Slovakia, but less importantly in flat
terrains like Hungary. In Slovakia, the RMSE% ereer $ection 3.7) of radar accumulated fields is
between 7090%, whereas in Hungary, it is slightly lower, between86%. Dataset for May
September 2010 have been used to derive these parameters.

In PPVG it is under investigatighNCAWGannex 9 the posgility to use ground data integrated
software to produce precipitation &ld. Theresults obtained byiINCAWG are reported in the
chapter 4.

3.5 Spatial interpolation for rain gauges

The partners of the Validation Group have been using a variety of diffesteategies to treat gauge

data. Some are using interpolation algorithms to get spatially continuous rainfall maps, while others
process directly the measurements of individual gaugedle5). Thefirst approach seems to be mer
O2y@SyASyiliz SalLlSOAlfte ¢6KSYy G(GKS aflNBSé¢ LChzx 27

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

Table5 Data preprocessing strategies

Ore of the next step of thdRain Gauge&VG will be to harmonize thalifferent spatial interpolation
techniquesamong partnergdeveloping a common software for the validation, collaborating with the
GeoMapWG (Annex 7).

3.6 Techniques to make observation comparable:-gpaling technique for radar data

From the first Validation Workshop in 2006 it has been decided thattimeparison between satellite
product and ground data has to be on satellite native .g@einerally one or two rain gauges are in a
SSMI pixel, but radar instrumengsovide many measurements within a sing&Mipixel. For this
reason an ugscaling technique is necessary to compare radar data with the HO1 precipitation
estimations on the satéte native grid.

The precipitation data in the retrieval produdi@2) is based on the instruments AMSUand AMSLB

or MHS flown on NOAA and MetOp satellites. These 4rask scannersprovide images with
constantangular sampling across traakat impliesthat the IFOV elongates as the beam moves from
nadir toward the edge of the scan. The elongation is such that:

« for AMSUA the IFOV at nadir is: 48 x 48%amt the edge of the 2250 km swath: 80 x 150°km
« for AMSUB and MHS the IFOV at nadir isx1B5 knf; at the edge: 27 x 50 Km
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HO2 follows the scanningeometry and IFOV resolution AMSUB scan, so that each pixel along the
scan has a precipitation value representative for an elliptical region next figure.

y=scan direction
x=direction of flight = e
y 2z=vertical on the FOV-n gl -3

X FOV-2
FOV-1
Figure8 Geometry- Geometry d crosstrack scanning for AMSU

3.6.1 Average of hires ground validation data
Radarinstruments provide many measurements within a single AMSU pikebse measurements
should be averaged following the AMB Arienna pattern.

— Establish the sizan kmof the axis for each elliptic FOV. You will have N=90 couples of values
(F%, Fy)

— Define a 2dimensional Gaussian surface (matNxN), having resolutionR (pixel size)
wOXXNJ R NJ NdBchefidticH(sacBoyf at half highhaving axis(Ex, Ey) equal to the
correspondent FOVi.e. Ex = Fx, and Ey, = Fy, see figures belownote that f the Radar
resolution is 1km, 1px=1km

Ey

M [magnitude]

M [magnitude]

Ex

00

Y[ Xipx]

Figure9 Left) Gaussian filter¢ Right) section of gaussian filter

— If the matrix NxN is too largét can be reduced to &xK matrix until the pixels (1,C), (C,1),
(N,C), (C,N) are less than (C,C)/100
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Table6 Letft) Original Gaussian matrig Right)Reduced matrix to dimensions M xK

— Normalize the matrix G (MxK) obtaining the mafiXdaving the sum of all elements equal to
1

Gi(m k)= —— MK

>, 2. 6(mKk
1

m=1k=

3.6.2 Smoothingof radar precipitation

For each FOV and for each SCANLINE in the filertd@2the gaussian filter ovéappingradar data so
that the central pixel (C,C) corresponds 8., H0Z,,) and the y axis has the same direction of th
scanline.

adzf GALX & SIOK StSYSyld 2F DQ RRN&ALIGNK Snd Bdn? teS a
products:

M K
RRw = > > G(mR- RRy

m=1lk=1

Following this procedureit is obtained, for each FOV and SCANLINE, a valueR.
RRow(FOV,SCANLIN&hichrepresent the matrix of validatiomsed versusAMSUB estimates.

This scheme has been suggested by the precipitation developers efS&TRand it has been adopted
by the PPVG.

One of theRadarWGand Rain Gaug&VGnext steps is to develop a common code for thesgaling
of radar data versuAMSUB grids following this techniqueThe code will be an evolution and
optimization of the code already available by Belgium (Van de Vyver, H., andlig, Ra08) and Italy
A. Rinollo.All participants of validation task will use not only the same technique thetsame
software
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3.7 Temporal comparison of precipitation intensity

Taking to account the revisiting time of the HO2 (3,4 hours ) it waset¢itliring the first validation
workshop in 2006) to perform a direct comparison between the satellite and radar precipitation
intensity maps. The revisiting time of the product does not allow to have a sensible accumulated
precipitation map on 224 hours.

In the PPVG thsatellite product is compared with the closest {saled) radaand rain gauge ata in
time. The satellite time is considered the time in the BUFR4diievided by CNMCAvhen validation
area is first reached.

3.8 Large statistic: Contimous and multicategorical

Thelarge statistic analysis allows to point out thgistence of pathological behaviour the satellite
product performance. It requires the application of the same validation technique step by step in all
the institutes tale part of the PPVG.

The large statistic analysis in PPVG is based on the evaldtimonthly and seasonaContinuous
verification and Multi-Categoricalstatistical scores on one year of data (2010) for three precipitation
classesgee next figurg

It was decided to evaluate both continuous and muatitegorical statistic to give a complete view of

the error structure associated to HO2. Since the accuracy of precipitation measurements depends on
the type of precipitation or, to simplify matters, the enisity, the verification is carried out on three
classes indicated by hydrologists during the developnpigise $eenext table.

1 2 3
<1 mm/h 1-10 mm/h > 10 mm/h
(light precipitation) | (medium precipitation) (intense prdpitation)
Table7 Classes for evaluating Precipitation Rate products

Precipitation
Classes

The rain rate lower than 0.25 mm/h is considered no precipitation.

The main step#o evaluate the statistical scorese:

e all the institutesup-scalethe national radarand rain gaugelata on the satlite native grid using
the up-scaling techniguebefore described

e all the institutescompare HO2 with the radar precipitation intensity and the rain gauge cumulated
precipitation;

e all the institutesevaluate the ronthly and seasonatontinuous scores (below reported) and
O2yGAy3aSyoOe GlofSa F2NJ GKS LINBOALRAGIEGAZ2Y Of I &

e [ff (GKS AyadAddziSa S@lFftdzr 4GS t5C LINRRdAzOAY 3 y dzY

e the precipitation productvalidation leader collestall the validation files (MC, CS and DIST)files

verifiesthe consistency of the results and evalusitbe monthlyand seasonatommon statistical
results;
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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

Figuie 10 Main steps of the validation procedure in the PPVG

Satistical scores

The statistical scores evaluated in PAMGontinuous statisticare:
Mean Error (ME)

N

ME :%2(satk —true, ) Range:k (i 2 Redect scored

k=1

- Mean Absolute Error (MAE)

N 4
MAE =%Z|satk —true, | Rangen U 2Perfeabscored
k=1

- Standard Deviation (SD)

N <
SD = \/%z €at, —true, —ME > Rangen U ZPerfgabscored

k=1

- Multiplicative Bias(MBiag
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N
lz saf, )
MB = 1NNl— Range:k U 2 Pelgedt scorel
— % tru
N 2T

Correlation CoefficientCC)

i €Cat, —ﬁ}uek —trﬁj

— N - N
CC = Kk with sat =+ > sat, and  true= 1 > true, ;
N N =

\/i Gat, —5a 23 Gue, —true )
k=1 1

Range:1to 1. Perfect scorel

Root Mean Square Error (RMSE)

k=1

N 7
RMSE = \/%Z €at, —true, E Rangen U ZPerfesbscored

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

N _ 2 B
RMSE % = EZM/ *100 Rangen U ZPerfeebscored
N k=1 truezk

The statistical scores evaluated in PPVGnfioiti categorical statisticare derived by the follomg
contingency table:

Contingency Table
ground
yes no total
yes hits false alarms | forecast yes
satellite| no misses correct negativey forecast no
total | observed ye§ observed no total

where:

hit: event observed from the sallite, and also observed from the ground

miss event not observed from the satellite, but observed from the ground

false alarmevent observed from the satellite, but not observed from the ground

correct negativeevent not observed from the satellitend also not observed from the ground.

The scores evaluated from the contingency table are:
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- Probability Of Detection (POD)

hits hits

= = Range0 to 1. Perfect scorel
hits + misses observed yes

POD

- False Alarm Rate (FAR)

_ falsealarms  falsealarms
hits +falsealarms forecast yes

FAR Range0 to 1. Perfect score:0

- Critical Success Index (CSI)
hits

CSI = — y
hits + misses +falsealarm

Range0 to 1. Perfect scorel

- Equitable Threat Score (ETS)

S-_ | hits —hits yom . with hits
hits + misses +falsealarm —hits 4o

ETS ranges frori/3 to 1. 0 mndicates no skill. Perfect score:l.
- FrequencyBlas(FBI)

hits +falsealarms _ forecastyes
hits + misses observed yes

_ observed yes *forecast yes
random total

FBI = Rangen (i ZPerfesbscorel

- Probability Of False Detection (POFD)

falsealarms _ falsealarms
correctnegatives +falsealarms observed no

POFD = Range0 to 1. Perfect score
- Fraction correct Accuracy (ACC)

hits + correct negatives
total

ACC = Range0 to 1. Perfect scorel

- Heidkeskill score (HSS)

(hits + correctnegatives) —(expected correct),, jom
N —(expected correct), . 4om

with

HSS =

(expected correct), qom :% |observed yes)(forecast yes)+(forecast no)(observed no):

Range:k to 1. O ndicates no skill.Perfect scorel.

- Dryto-Wet Ratio (DWR).

false alarm +correct negative _ observed no

DWR = - - =
hits + misses observed yes

Rangen ( Perfecthscoren/a.
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3.9 Case study analysis

Each Institute, in addition to thiarge statistic verification producescase study analysis based the
knowledge and experience of the Institute itselfEach 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 andowcastingproducts.

The mairsections of the standard formaire:

e description of the meteorological event;

e comparison of groundata and satellite products;

e visualization of ancillary data;

e discussion of the satellite product performances;

e indications to Developers;

e indication onthe ground data (if requested) availiity into the HSAF project.

More details on case study analysidl be reported inthe Chapter 5.

3.10 Next steps

On the base of the development phase it is possible tatlsalythe ground data error characterization

is necessary and that idation of a common protocol is not enough. Only these of the same
software canguarantee that the results obtained by several institutes are obtained in the same way.
To improve the validation methodology and to develop softmased by all members of the validation
cluster several working groups have beeontposed during theast Validation Workshop held in
Bratislava, 222 October2010 Annex 1-7).

On the base of published papers and the characteristics of the ground data available inside the PPVG
the main next steps are foreseen in order to improve Wadéidation methodology:

e (uantitative estimation ofthe errors introduced in the validation procedure comparing the
instantaneous satellite precipitation estimation with the rain gauge precipitationudated on
different intervals;

o definition of a rain gage and radadata quality check

e application of thedata quality checko all radar and rain gauge data used in the PPVG

e definition of the optimal and minimalpatial density of rain gauge stations to be representative
of the ground precipitation in thgiew of satellite product comparispn

e development ofthe three software for raingauges, radar and INCA productsagling vs
AMSUB grids;

e definition and code implementatiorof the technique for the temporal matching eatellite
rain rate with rain gage and radar data;

e selection of the appropriate methodology for spatial distribution of precipitation products
errors taking into consideration spatial and temporal characteristicseaxfh product for
selected areas as test catchments.

All these activitis will be developed and coordinated inside the Working Groups (AnA&x 1
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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 da of eight countries: Belgium, Bulgaria, Germany, Hungary, Italy, Poland, Slovakia,
and TurkeyHO2 has been submitted to validation &il these countries except Bulgaria. Until now the
Bulgarian data are used only for HO5 validation actiadgordingto the Project Plan. Theirse in the

next months isunder 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 asenmeé for ground
validation of any satellitdhased precipitation products. In the last months working groups (Annex 1, 2,
3, 4, 5 and 7) have been composed in order to provadmplete information on the ground data
characteristics and to evaluate the asfated errors.

In this chapter a complete analysis of the ground data available in the PPVG is reported by the rain
gauge and radar data in PPVG summaries (Section 4.2 and 4.3), the Rain gauge and radar data
integrated products in PPVG first report (8@c 4.4) and a country by country ground data description
(Section 4.54.13). The chapter has the object to provide ground data information and to highlight
their error sources.

4.2 Rain Gauge in PPVG

In this section the complete inventory of thhaingauge usedin the PPVG with some considerations
are reported as first results of tHeaingauge WG(Annex 2).

4.2.1 The networks

The validation work carriedn with raingauges uses about @5 instruments across the 6 Countries
Belgium, Bulgaria, Germany, Italpld&hd, and Turkeyas usual, irregularly distributed over ground. A
key characteristicof 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 tlgaugmm
density. Instruments number and density are summarizetiable8.

The gauges density ranges between 7 (for Bulgaria, where only 3 river basins are considered) to 27 km
(for Turkey). These numbers should be compareth the decorrelation distancdor precipitation
patterns at midlatitude. Usually the decorrelation distance is defined as hieimum distance
between two measures to get the correlation coefficient (Pearson Coefficient) reducet! fo recent

study on the HSAF hourly data for Italy, shows this decorrelation distance varies from about 10 km in
warm months (where small scale convection dominates) to 50 km in cold months, when stratified and
long lasting precipitation mostly occur. Figue 12 value of the linear correlation coefficient is
computed between each raingauge pair in the Italian hourly 2009 dataset, as function of the distance
between the two gauges.
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Figue 12 Correlation coefficient between raingauge pairs as function of the distances between the gauges. Colours

Assuming these values significant for the other Countries involvéddrstudy,we can conclude that
the gauge network in PPM&capable to resolve the spatial structure of rain patterns only for stratified
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systems but it is inadequate for small scale convective events.

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

Belgium | 89** 11.2

Bulgaria | 37*** 7

Germany | 1300 17

Italy 1800 9.5

Poland 330475 13.3
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| Turkey | 193%* | 27 |
Table8 Number and density of raingauges within-SAF validation Group

* the number of raingauges could vary from day day due to operational efficiency within a
maximum range of 1:05%.

** only in the Wallonia Region

*** only in 3 river basins

****% only covering the western part of Anatolia

4.2.2 The instruments

Most of the gauges used in the National networks by PfR/Gartners are of the tipping bucket type,
which is the most common device used worldwide to have continuous, {iketrainrate
measurement. Nevertheless, several source of uncertainty in the measurements are well known but
difficult to mitigate. First, ery light rainrates (1 mm-hand less) can be incorrectly estimated due to

the long time it takes the rain to fill the bucket (Tokay et al., 2003). On the other side, high rainrates
(above 50 mm 1) are usually underestimated due to the loss of walaring thetips of the buckets
(Duchon and Biddle, 2010). Drifting wind can also greatly reduce the size of the effective catching area,
if rain does not fall vertically, resulting in a rainrate underestimation quantitatively assessed in about
15% for an avexge event (Duchon and Essenberg, 2001).

Further errors occur in case of solid precipitation (snow or hail), when frozen particles are collected by
the funnel but not measured by the buckets, resulting in a temporal shift of the measurements since
the meling (and the measure) can take place several hours (or days, depending on the environmental
conditions) after the precipitation event (Leitinger et al, 2010, Sugiura et al, 2003). This error can be
mitigated by an heating system that melts the particlessaon as are collected by the funnel. All these
errors can be mitigated and reduced, but in general not eliminated, by a careful maintenance of the
instrument.

A number ofa posterioricorrection strategies have been developed in order to correct pretipit

data measured by raingauges, but mainly apply at longer accumulation intervals, daily to monthly
(Wagner, 2009)

Country | Minimum detectable | Maximum detectable | Heating system| cumulation
rainrate rainrate (mm H') (Y/N) interval (min)

Belgium | 0.1 mm N/A** N 60

Bulgaria | 0.1 mm 2000 Y 120, 1440
Germany | 0.05 mm H 3000 Y 60

Italy 0.2 mm N/A** Y/N* 60

Poland 0.1 mm N/A** Y 10

Turkey 0.2 mm 720 Y 1

Table9 Summary of the raingauge characteristics
* only 300 out of 1800 gages are heated

** information not available at the moment: a value about 300 nihdan be assumed for tipping
bucket raingauges.

Most of these shortcomings could be avoided by using instruments based on different principle or
mechanisms. The German netikpand a part of the Bulgarian network, as an example, are equipped
by precipitation weighting gauges, that allow continuous precipitation (both solid and liquid)
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measurements with higher accuracy. Other option could be the usksdfometers, which givenore
information about the precipitation structure and a more accurate rainrate measure.

In previous tablerelevant characteristics of the raingauges used in the different countries are
reported.

4.2.3 Data processing

The partners of the Validation Group haleen using a variety of different strategies to treat gauge
data and to compare them with satellite estimates. Some are using interpolation algorithms to get
spatially continuous rainfall maps, while others process directly the measurements of individual
gauges. All the data in the network (except for cold months in Poland) are quality controlled: there is
no information about the techniques used, but usually quality control rejects data larger than a given
threshold and in case of too high rainrate diffaoe (exceeding given thresholds) among neighbouring
gauges and between subsequent measuoé the same instrument ablel0 summarizes the data pre
processing performed in dérent Countries, whil@ablell reports the different matching approaches

for HOLHO2 respectively.

As for the temporal matching, the used approaches are rather homogeneous within the Groups:
instantaneous measurements are matched with next ground cumulated values over the different
available intervals, ranging from 1 minute (Turkey) to 1 hour (ltaly, Germany). Cumulated estimates,
obviously, are compared to ground measured rain amounts over the same cumulation intervals.

As for spatial matching, different approaches are considea¢sh taking into account the different
spatial structure of the satellite IFOVs. Two basic ideas are pursuedbpigedel matching or ground
measure averaging inside satellite IFOV. The second approach seems to be more convenient,
SALISOAIf tRl MKSYy L&+ 62F I am YR I nu NE 02y OSNYy
take into account that the size of the IFOV changes across the track and could become very large. The
first approach, e.g. nearest neighbour, can be more effective for HO3Ha8doroducts.

Country | Type of interpolation Quality control (Y/N)
Belgium | Barnes over 5x5 km grid | Y
Bulgaria | Co kriging Y
Germany | Inverse square distance Y
Italy Barnes over 5x5 km grid | N
Poland No Y (except cold months)
Turkey No Y
Table10 Data preprocessing strategies
HO1 HO2
Country | Spatial matching Temporal matching | Spatial matching Temporal matching
Belgium* | N/A N/A N/A N/A
Bulgaria* | N/A N/A N/A N/A
Germany | matching gauges ar{ each overpass is matching gauges ar¢ each overpass is
searched on a radiuj compared to the searched on a radiuj compared to the
of 2.5 km fom the | next hourly rain of 2.5 km from the | next hourly rain
IFOV centre amount IFOV centre amount
Italy mean gauges value | each overpass is Gaussiarweighted | each overpass is
over 15x15 km area| compared to the mean gauges value | compared to the
centred on satellite | next hourly rain centred on satellite | next hourly rain
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IFOV amount IFOV amount

Poland mean gauges value | each overpass is mean gauges value | each overpass is
over the IFOV area | compared to the over the IFOV area | compared to the
(rectanguar) next 10minutes rain| (rectangular) next 18minutes rain

amount amount

Turkey weighted mean of | each overpass is weighted mean of | ead overpass is
the gauge values compared to 5 the gauge values compared to 5
estimated at the minute averaged estimated at the minute averaged
3kmX3km grid rain" for Temporal | 3kmX3km grid rain" for Temporal
structure within matching structure within matching
satellite IFOV by satellite IFOV by
using semi using semi
variogram variogram

Tablell Matching strategies for comparison with HO1 and H02
*Belgium and Bulgaria use raingauges only for cumulated precipitation validation.

4.2.4 Some conclusns

After this inventory some conclusion can be drawn.

First, it seems the raingauge networks used in this validation activities are surely appropriated for the
validation of cumulated products (1 hour and higher), while for instantaneous estimates éefus
hourly cumulated ground measurements surely introduces intrinsic errors in the matching scores, that
can be estimated as very large. The validation of instantaneous estimates should be carried on only
when gauges cumulation interval is 10 to 15 mirsuf@s in Poland). Values cumulated over shorter
intervals (5 or even one minute, as it is done in Turkey) are affected by large relative errors in cases of
low/moderate rainrates.

Different approaches for the estimates matching are considered, and probahblg be a good idea to
harmonize them among partner§he grounddata upscaling procedure indicated in Section 3.5 has
been already developed by E. Roulin (Van de Vyver, H., and E. Roulin, 2008) and A. Rinollo. An
optimization of this code to be used byl the partners of the PPVG represent one of the next step.

Anyway, different approaches over different Countries are leading to very similar values in the
considered skill scores, indicating probably two things: 1) none of the considered approachsss can
considered as inadequate and (more important) 2) the differences between ground fields and satellite
estimates are so large that different views in the data processing do not results in different numbers.

4.3 Radar data in PPVG

In this section the completinventory of the radar datasedin the PPVG with some considerations are
reported as first results of thRadar WG(Annex 3).

4.3.1 The networks

In the HSAF project, satellitssed precipitation estimations are compared regularly with the radar
derived pecipitation fields. However, radar rainfall products are influenced by several error sources
that should be carefullyanalyzedand possibly characterized before using it as a reference for
validation purposes.

However, we have to emphasize that the radiata used for validation purposes is not developed by

the validation groups themselves. They are developed within specialized radar working teams in many
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of the countrieslt is not the aim of thePPVQGo improve the radar data used; however, ispgecifcally
expected from the cuent activities to characterizeadar data and error sources of the ground data
coming from the radar networks of the PPVG.

Main error sources of radar rainfall estimations are listed in the Radar Working Group description
docunment (Annex 3)

1.
2.

©ONOo O AW

system calibration,

contamination by nosy SG S2 N2t 2 3A O
(birds, insects), W.AN interferences,

partial or total beam shielding,

rain path attenuation,

wet radome attenuation,

SOK2S&as A®dSed IANRdAzyR

rangedependent errors (beam broadening, interception of melting snow),

O2y Gl YAYIFGA2Y o6& RNE 2NJ
variability of the Raindrop Size Distribution (RSD)
techniques

YStOdAy3a KFEAf 6aK2i
and its impact on the adopted inversion

Moreover, several studies have d&® on radar quality assessments lik& alek M, Chezel)
Handwerker J, Delobbe L, Uijlenhoet R. 2004.: Radar techniques for identifying precipitation type and
estimating quantity of precipitation. COST Action 717, Working GrogpAlreview. Luxembourg,
Germany or Holleman, 1., D., Michelson, G. Galli, U. Germann and M. P@uadity information for

radars and radar dataTechnical rappor2005, EUMETNET OPERA, OPERA 2005 19, 77p.

The first step was to collect characteristics (polarization, beam width, maximum range, range,
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networks which composes the PPVG adopted processing chain; and the gengradeicts (including
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the quality map, if any)The results of the overview of different radar capacities and instruments in
each of the participating countries are here reported.

4.3.2 The instruments

In the PPVG group, there are 5b&nd radars used, or ithe plan to be used. Their distribution in the
countries is:

U Belgium (1 radar)
Germany (16 radars not BfG products)
Hungary (3 radars)
Italy (18 radars)
Slovakia (2 radars)
Poland (8 radars)

U Turkey (6 radars)
These radars cover wide range of geographar@a: from the longitude5.50562in Wideumont
Belgium to the most Eastern area with longitug2°58'15"in Ankara, Turkey; and from the Northern
latitude of p nc H o Qin DR M Z®ERNd to the latitude 0B6°53'24"in Mugla, Turkey and lat
37,462 in Catania, Italy. The Radars are built at different elevations above the sea level. In
mountainous countries, they are placed at elevations more than 1000m above sea level; whereas in
flat countries like Hungary or Belgium, their height position is not edioge400m. This information
collected will be useful in the future steps of the Working Group to assespdtial or total beam
shieldingby mountains in the propagation way of the radar signals.

[ et et AN et AN et et

All radars are ®and radars, working at frequency @band, at 5.6 GHz All radars are equipped by
Doppler capacitywhich means that ground clutters can be removed from the radar data
measurements effectively; however, not all of them have dual polarization which would be important
to correct rain path attenugon.

The scan strategy for each of the radars used been investigatedn this matter, all countries have
shared their information on thenumber of elevations, minimum and maximum elevations, scan
frequency, maximum nominal range distanaedrange esolution.

Height N

Azimuth <"

w : : PE > o | i

Volume Scan Procedure

N

Figurel4 Radar scan procedure

In the PPVGhe scan frequency ranges from 5 minutes in Belgium, Germany and Slovakia to 10
minutes in Turkey and Poland, and 15 minutes in Hungary; and varying frequency for l@dies ra
The number of elevation stays between 4 and 15, in average around 10.
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The range distance used is 240 km in general. But in some places in Italy, and for the Turkish radars,
the maximum range distance used is 120 km, or even less, e.g. 80 km.

Rangeresolution is 250 m in Belgium, 250, 340, 225, and sometimes 500 m for the Italian radars, 500
m for one of the Hungarian radars, and 250m for the other two, Polish radars can work with 125 m and
250 m resolution, and in Turkey it is 250 m for all thearad

The scan strategies within the PPVG countries arelveddinced and similar to each other; though they

vary from one radar to the other, even within countries.

All radars are regularly maintained and calibrated, which is a good indicator of thénwouns
supervision of quality of radar data, and the important element to sustain radar data quality.

4.3.3 Data processing

The Tab. 08 is provided to summarize the available products generated from radar measurements, and
the processing chain used to generateem. Finally, the list of the radar products used for the
validation work is included in the last row.

Radar rainfall products are obtained after processing the measured naadiactivity at different
elevations of the radar scan strategy. After eackvation, the PPIRlan Position Indicator) products

and the CAPPI (Constant Altitude PPI) products are calculated. PPI is the measurerntientaafar
antennarotating 360 degrees around the radar site at a fixed elevation angle. CAPPI products are
derived from this, by taking into account theadar displays which give a horizontal cresection of

data at constant altitude. The CAPPI is composed of data from several different angldsmvbat
measured reflectivity at the requested height of CAPPI product.

The PPVG group uses mostly CAPPI products for calcutiamfall intensities; except for Hungary,
which uses the CMAX data (maximum radar reflectivity in each pixel column among all of the radar
elevations) for deriving rainfall intensities. Howevéng rest of the countries have also chosen
different elevation angles for the CAPPI product which provides the basis for rain rate estimations.
Additionally, we have to say that the countries apply different techniques of composition of radar data
that were not specified in this questionnaire. The composition technique is important in areas which
are covered by more than one radar measurements. Also, the projection applied is varying from one
country to the other.

To sum up, the radar products used are hatrmonized, different techniques are applied. However,
each of them is capable to grasp rainfall and to estimate rainfall intensity.

As for the accumulated products, we see that Belgium useso2dly accumulations, with rain gauge
correction, ltaly use3, 6, 12, 24haccumulations without gaugeorrection; in Hungarg, 6, 12, 24h

data is used, but only the 12h and 24 hourly accumulations are corrected by rain gauges, in Poland and
Slovakia no rain gauge correction is applied. Poland has only 6, a2y data. Turkey has
3,6,12,24hdata, and applies rain gauge correction for 1 hourly data. It is important to note that
techniques used for accumulation are numerous, even within the same country the can differ from
one accumulation period to another..g= in Hungary, the 3,6h accumulations are derived from
summing up the interpolation of the 15minufeequent measurements into 1 minut@tervals;
whereas the 12, and 24 h accumulations are summed up from 15 minute measurements, but corrected
with rain gaige data.

All above implies that more probably the quality and error of rainfall and rain rate accumulations is
differing from one country to another; and cannot be homogeneously characterized.
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4.3.4 Some conclusions

Maintenance
All the contributors declaréd the system are kept in a relatively good status

Correction factordor error elimination:
These correction factors are diverse in the countriest homogen®us distribution of correction
methods:

U all contributors compensate for nameteorological echoe&Clutter)

0 RLAN interferences implemented in Hungary, Slovakidevelopment.

U Poland and Slovakia correct attenuation. In other countites not accounted for.

U Some of the countries are testing new procedures for dealing with VPR (ltaly) aral Baaim

Blockage, PBB effects. VPR (Vertical ProfiRediéctivity used in Turkey.

This means that the corresponding rainfall estimates @ikerse, and the estimation of their errors
cannot be homogenized

However, each county can provide usefulommfiation of the error structure of its rainfall products
based on its own resources: e.g. if they have already defined Quality Indicators, or estimations of
errors based onstudies of comparison of radar and rain gawtga in the country itselfThe stug
performed by the Slovakian team (Annex 4) and the scheme publish&d3zyurc, othe quality index
evaluation are under consideration by tRadarWG

In the future, possible separation of reliable and qua$iable radar fields would be possible.
Separation would be based aadarsite/geographical areas/event type/radar products. Selected cases
will be suitable enough to be used as a refare for the HSAF products validatiorA gudy on
evaluation of radar measurements quality indicator with netga to terrain visibility has been
conductedby the Slovakian team (see Annex 4).

Satellite product testing will be carried out in areas with higher reliability. Statistical results will be
evaluated and compared to previous data. As such, the accurastatistical results of PPVG with
radar data as grounceferencewill be able to be established.

BELGIUM ITALY HUNGARY
List of Rain rate 240 Km; CMAX,
Available rain rate 120 Km; velocity PPI,
Products (120 Km); CAPPI(2.5 km),
MAX (240 Km); VIL,
VVP2 Windprofiles; ETops,
Hail Probabily; Base,
Hail Probability 24h HailProbability
Overview;
1, 3, 24 Hr Rainrate
accumulation;
Is any quality | NO YES NO
map available?
Processing Clutter removal (time Clutter suppression by | RLAN(wifi) filter; Clutter
chain domain Doppler filtering Fuzzy Logic scheme usi| removal; atttenuation
and staticclutter map); Clutter map, Velocity, | correction + beam
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Z-R: a=200, b=1.6

Texture.

Z-R: a=200, b=1.
VPR correction under
testing.

blocking correction =>
next Year (2012)

VPR => No

Z-R: a=200, b=1.6

Description of
instantaneous
radar product
used in HSAF
Validation
Activities

PCAPP1500m Cartesian
grid,
600m resolution

Nationale composite:
CAPPI 2 km, CAPPI 3 k
CAPPI 5 km, VMI, SRI
Projection: Mercator
Resolution: 1 km
Threshold: No

National composite,
(CMAX)

Projection: stereographic
(S60)

Resolution: 2 km
Threshold: 7dBZ

No rain gauge correction

Description of
accumulated
radar product
used in HSAF
Validation
Activities

24-h accumulation with
rangedependent gauge
adjustment,

Cartesian grid,

600m resolution

Acc. periods: 1, 3, 6, 12,
24h

Projection: Mercator
Resolution: 1 km
Threshold: No

No rain gauge correctior

Acc.periods: 3,6,12,24h
National composite,
(CMAX)

Projection: stereographic
(S60)

Resoluion: 2 km
Threshold: 7dBZ

Rain gauge correction
applied for 12, 24 hourly
data

Tablel2 Inventory of the main radar data and products chatacistics in Belgium, ItalyHungary

POLAND SLOVAKIA TURKEY
List of Available] PPI, PCAPPI, RHI, MAX, | CAPPI 2 km, MAX,
Products. EHT, SRI, PAC, VIL, VVP| Etops, PPI,
HWIND, VSHEAR, HSHE| PPI1 0.2, CAPPI,
LTB, SWI, MESO, WRN. | Base, VIL,
List of noroperational Cmax, ETOPS,
products: LMR, CMAX, Hmax, EBASE,
UWT, VAD, SHEAR, SWI| VIL, RAINAccumulation
MESO, ZHAIL, RTR, CTR Precip. Itensity, 1h, | (1,3,6,12,24h)
WRN. 3h-, 6h, 24hacc.

precip., 1hacc.
SRI 1km, 2km agl

Processing chain Doppler method clutten Cluter filtering: Clutter Removal, VP
removal, attenuation | frequencydomain IIR Correction, R: A=200
correction- yes; filter; b=1.6
VPR => No Atmospheric
Z-R: a=200, b=1.6 attenuation correction;

Z-R: a=200, b=1.6
RLAN filtering in
development

Is any quality| NO, in development NO NO

map available?
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Description  of| National composite, (SRI| National compositg CAPPI, Projectior
instantaneous Projection: azimuta| CAPPI 2 km Azimuthal Equidistan
radar  product| equidistant (standard| Projection: Mercator Resolution: 250 n|
used in HSAEF ellipsoid; Resolution: 1 Resolution: 1 km Threshold: ? Rain Gaug
Validation km; Threshold: 5 dBZ; N Threshold:-31.5 dBZ Correction (with limited
Activities rain gauge correction. No rain gauge number of gauges)

correction
Description  of| Acc. Periods: 1, 6, 24| Acc. periods: 3, 6, 17 Acc.periods: 1,3,6,12,24h
accumulated National composite (PAC 24h Projection: Azimutha
radar  product| Projection: azimutha| National composite Equidistant
used in HSAF equidistant (standard| CAPPI 2 km Resolution: 250 m
Validation elipsoid); Resolution: | Projection: Mercato Threshold: ?
Activities km; Threshold 0,1 mm;| Resolution: 1 km Rain gauge correctio

No rain gauge correction | Threshold=31.5 dBZ applied for 1h Rain Acc.
No rain gauge
correction

Tablel13Inventory of the man radar data and products characteristics in Poland, SlovaKiarkey

4.4 Rain gauge and radar data integrated products in PPVG

In order to investigate the possible improvement of the ground precipitation field estimation a WG
a L b?¥ D éas been introducedni the validation activities of PPVG. In this section the first results
with some considerations of th&dlCA WG (Annex 5) are reported.

Within the WG patrticipating countriegSlovakia, Poland and Germaitiy¢re are two types of systems
providing precipiation analyses usable for-BAF validationNCA(developed by ZAMG, Austria) and
RADOLANDWD, Germany).

The INCA system is currently under development as {GIEACentral Europe) aiitdis used in pre
operational mode in Slovakia and Poland. The RADG#tsim is used in Germany operationally and
it is already utilized for the 3AF products validatioBoth systemsonsist of computational modules
which enable to integrate various sets of precipitation data sourgemingauge network, radar
network, NWPmodels outputs and climatological standards into common precipitation product, which
can describe well the areal instantaneous and cumulated precipitation fields.

Here below a brief description of the INCA and RADOLAN systems follows. More informabiatih on
systems can be found in the documentation which is available on th8AH ftp server:
/hsaf/WP6000/precipitation/WG_groups/WGBca/documentation.
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4.4.1 INCA system

The INCA (Integrated Nowcasting through Comprehensive Analysis) analysis and nowcasting system is
being developed primarily as a means of providing improved numerical forecast products in the
nowcasting and very short range forecasting. It should integras far as possible, all available data
sources and use them to construct physically consistent analyses of atmospheric fields. Among the
input data sources belong:

b2t Y2RSt 2dziLdzia Ay 3ISYySNIf o6tz ¢ |1 Of 2dzR
Surface station observations (T, pretagion)

Radar measurements (reflectivity, currenthd23-d in development)

Satellite data (CLM, Cloud type, in development for use in precipitation analysis)

Elevation data (high resolutionT¥, indication of flat and mountainous terrain, slopes, ridges,
peaks)

To o Do Do Do

The INCA system provides:
A Highresolution analyses; interest of validation W3

A Nowcasts
A Improved forecasts

of the following variables:
Temperature (3 field)

Humidity (3d)

Wind (3d)

Precipitation (2d) ¢ interest of validation W&
Cloudines (2d)

Global radiation (1)

To Do Do Do Do Do

The INCA precipitation analysis is a combination of station data interpolation including elevation
effects, and radar data. It is designed to combine the strengths of both observation types, the accuracy
of the point meastements and the spatial structure of the radar field. The radar can detect
precipitating cells that do not hit a station. Station interpolation can provide a precipitation analysis in
areas not accessible to the radar beam.
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The precipitation analysis casts of the following steps:
i.  Interpolation of station data into regular INCA grid (1x1 km) based on distance weighting (only

nearest 8 stations are taken into account to reduce-byks effect)

ii.  Climatological scaling of radar data by means of monthlyipiteation totals of raingauge to
radar ratio (partial elimination of the rangéependenceand orographical shielding)

iii. Rescaling of radar data using the latest rain gauge observations

iv.  Final combination of rscaled radar and interpolated rain gauge data

v. Ekvation dependence and orographic seeding precipitation

In the final precipitation field the raingauge observations are reproduced at the raingauge station
locations within the limits of resolution. Between the stations, the weight of the radar informatio
becomes larger the better the radar captures the precipitation climatologically.

Important factor affecting the final precipitation analysis is accuracy and reliability of the raingauge
stations. In order to eliminate the influence of raingauge statipreviding evidently erroneous data,

the SHMU is developing the blacklisting technique which temporarily excludes such stations from the
analysis. Currently, the stations can be put into the blacklist only manually but development of the
automated blacklishg is expected in near future.

4.4.2 RADOLAN system

RADOLAN is a routine method for the online adjustment of radar precipitation data by means of
automatic surface precipitation stations (ombrometers) which has started on a project base at DWD in
1997. Sincdune 2005, areal, spatial and temporal Rigkolution, quantitative precipitation data are
derived from online adjusted radar measurements in #@ale production for Germany.

The data base for the radar online adjustment is the operational weather naetavork of DWD with

16 Cband sites on the one hand, and the joined precipitation network of DWD and the federal states
with automatically downloadable ombrometer data on the other hand. In the course of this, the
precipitation scan with fiveninute rada precipitation data and a maximum range of 125 km radius
around the respective site is used for the quantitative precipitation analyses. Currently, from more
than 1000 ombrometer station (approx. 450 synoptic stations AMDAandl AMDA IlI/$f DWD;
approx. 400 automatic precipitation stations AMDA 1lII/N of DWD; approx. 150 stations of the
densification measurement network of the federal states) the hourly measured precipitation amount is
used for the adjustment procedure.

In advance of the actual adjuseémt different preprocessing steps of the quantitative radar
precipitation data are performed. These steps, partly already integrated in the offline adjustment
procedure, contain the orographic shading correction, the refine® Eelation, the quantitative
composite generation for Germany, the statistical suppression of clutter, the gradient smoothing and
the pre-adjustment. Further improvements of these procedures are being developed.

Precipitation distribution of the Precipiation distribution of the ~ RADOLAN precipitation
rain gauge point areal original radar product
measurements measurements
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Figurel6 Procedure of the RADOLAN online

- ' o
adjustment (hourly precipitation ambon 7 August 2004 13:50 UTC)

In order to collect moredetailed information about both types of systems a questionnaire was
elaborated and completed by Slovakia, Poland and Germany. The questionnaire provided details such
as geographical coverage (see Fif), Input data inventory or availability of differeimstantaneous

and cumulated precipitation products.
The final version of the quashnaire is shown in thaeext tableand is also availabkes annex 5.
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Group of information

Item

GERMANY

POLAND

SLOVAKIA domainl

SLOVAKIA domain2

Availability of documentation for INCA or

If possible please attach link or

Dokumentation received
during Helsinki validation

Documentation available

Documentation available

Documentation should be

similar (German) system [Yes/No] documentation meeting from ZAMG from ZAMG issued in future
Definition of geographical area covered by | 11 i in pixels 900x900 741x651 501x301 1193x951
INCA or similar (in Germany) system
Min longitude 3.5943E 13.82E 15.99231 E 8,9953784943 E
Max longitude 15.71245E 25.334E 23.09630 E 25,9996967316 E
Min latitude 46.95719 N 48.728 N 47.13585 N 45,0027313232 N
Max latitude 54.73662 N 55.029 N 50.14841 N 53,000579834 N
Space resolution 1km 1km 1km 1km

Input data

Number of radars in network

Composite of 16 national

Composite of 8 national

Composite of 2 national

Composite of 5

network, time resolution, timelines
Cumulative precipitation based only on

Yes, min 5 min, available

radars radars radars international radars

Number of precipitation stations 1300 475 (Poland only) 397 (SHN:LA‘/"’\A?J')\M’ ZAMG, TBD
Blacklist for precipitation stations 2 Yes Yes Yes
[Yes/No]

Density of raingauge stations Map of density of precipitation stations ? TBD TBD TBD
[Yes/No]
Instantaneous precipitation based only

Output data on raingauge network, time resolution, 5min No Yes, 15 min Yes, 15 minute
timelines
Instantaneous precipitation based only
on radar network, time resolution, 5min No Yes, 5 minute Yes, 5 minute
timelines
Instantaneous precipitation based on
combined raingauge and radar 5 min Yes, 10 minutes Yes, 5 minutes Yes, 5 minutes

Yes, min 5 min, available

rglng.auge network, time intervals, 5min, 1,3,6,12,18,24 hours No 1,3.6.12.24 hours 1,3.6.12,24 hours
timelines
Cumulative precipitation based only on 5min, 1,3,6.12,18.24 hours No Yes, min 5 min, available Yes, min 5 min, available

radar network, time intervals, timelines

Cumulative precipitation based on
combined raingauge and radar
network, time intervals, timelines

5min, 1,3,6,12,18,24 hours

Yes, min 10 minutes,
available in future

1,3,6,12,24 hours

Yes, min 5 min, available
1,3,6,12,24 hours

1,3,6,12,24 hours

Yes, min 5 min, available
1,3,6,12,24 hours

Dates for selected case studies Casel will be set No 29.3.2009
Case 2 No 1.-3.6.2010
Case 3 No 20.6.2010
Case 4 No 15.-16.8.2010
Case 5 No

el o o =
HO2 yes No No No
HO3 yes No No No
HO04 no No No No
HO05 yes No No No
HO6 yes No No No

Table14 INCA Questionnaire

4.4.3 Some conclusions

The INCA sysin as a potential tool for the precipitation products validation is available in Slovakia and
Poland, in both countries being run in poperational mode. It is still relatively new system
undergoing continuous development. More sophisticated algorithmthefprecipitation analysis (e.g.
assimilation of the @ radar data) can be expected from its development in frame of the ongoing
INCACE project.

In Germany similar precipitation analysis system called RADOLAN is being run operationally. This tool is
already used for validation of the-BAF precipitation products in this country.

The accuracy and reliability of the raingauge stations significantly affect final precipitation analysis of
the INCA or INChke systems and therefore need to be checked. ldeorto solve this problem an
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automated blacklisting technique is going to be developed at SHMU (currently blacklisting is used in
manual mode).

The software for upscaling the INCA precipitation field into thBAfF products grid will have to be
developed.Since the grids of INCA and RADOLAN have similar horizontal resolution to the common
radar grid, the radar upscaling techniques can be applied also on the INCA or RADOLAN data. In frame
of the unification of the validation methodologies the same commoscating software could be
shared between botladar andNCAworking groups in the future.

4.5 Ground data in Belgium (IRM)
4.5.1 Radar data

The network

Belgium is well covered with three radars (seext figure). Further radar is currently under
construction inthe coastal region.

LA L L 1 57 B
F \J THE NETHERLANDS

r 0o
Ll i

sC 100 km
|

TN T T T T S S TN T N S T AV W AT T A R
Figurel7 Meteorological radar in Belgium

The instruments

These are Doppler,-&and, single polarization radars with beam width of 1° and a radial resolution of
250 m. Data are available at 0.6, 0.66 andni Horizontal resolution for th&Videumont, Zaventem
and Avesnoisadars respectively.

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

Data processing

First, a longerm verification is perforrad as the mean ratio between-rhonth 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 irddB an
the 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 perform&deonsing the 90
telemetric stations of the SETHY (Ministry of the Walldtegion). Corrected 24 h images are then
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calculated. New methods for the merging of radar and raingauge data have been recently evaluated

(Goudenhoofdt and Delobb2009Y-In this report, only instantaneous radar images are used.

4.6 Ground data in BulgariaNIMH)
4.6.1 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 the mountainous areas

Watershed of r. Iskar up to station Novi Iskar

leteorological stations

® precipitation stations

®  climatic stations

rivers

Figure18 Distribution of the raingauge
stations of kkar River Basin
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Figure20 Distribution of the raingauge stations of Varbica River Basin

The instrument
The following information should be provided in this section:
— Tipping bucket with heating (measures the precipitatiaith increments of 0.1 mm)quality
index of the measurements (between 1 and 1@)8.
— Weighing type measurement with heating rim (measures the precipitation with increments of
0.1 mm)- quality index of the measurements (between 1 and 18p.
— Convational precipitation gauges type Wild measuring 24 hourly totals of precipitation
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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 autotaditas in Iskar river basin.

Data processing

There is quality control on the data.

In this Project the poinlike gauges data are interpolated for using Co kriging interpolation of the
ground measurements taking into account orography

4.7 Ground data inGermany (BfG)

The HSAF products are validated for the territory of Germany by use of two observational ground data
sets: SYNO#Rprecipitation data based on the network of synoptical stations, provided by the German
Weather Service (DWD) and RADOIEAW- calibrated precipitation data based on the radar network

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

Data Number/Resolutior] Time interval Delay Annotation

Synoptical station| ~ 200 6h / 12h Neawrealtime

Precipitadn ~ 1100 hourly Nearrealtime | Automatic precipitation stationg

stations

RADOLAN RW | 16 German radar| 1 hour, Neawrealtime | Quantitative radar composite
sites, product RADOLAN RW (Radal
~1 km x ~1 km after adjustment with the weigh

mean of twaiandard procedureg

Tablel15 Precipitation data used at BfG for validation of8SAF products
4.7.1 Rain gauge

The network

The data used are compiled from ~1300 rain gauges. About 1000 are operated by DWD while about
300 are operated bpther German authorities. The average minimum distance between stations is 17
km.

The instruments

The measurement instruments are precipitation sensors OTT PLUVIO of Company Ttey
continually and precisely measure quantity and intensity of pi&tipn in any weather, based on
balance principle with temperature compensation (heated funnel) bBypdn electronic weighing cell

The absolute measuring error is less than 0.04 mm for a 10 mm precipitation amount and the long
term (12months) stabilitysi better than 0.06 mm. The operating temperature ranges fig86°C to
+45°C. The minimum detected quantity (sensitivity) is 0,05 thrillhe maximum possible measured
rain rate is 3000 mnih The operational accumulation interval theoretically is one minute

The data processing
Continuous, automatic measurement of liquid and solid precipitation data are collected, accumulated
(intervals: from 1lhour until 1day) and provided as SYNOP tables by DWD. These data are error

2 http://www.ott.com/web/ott_de.nsf/id/pa_ottpluvio2_vorteile.html?OpenDocument&Click=
® Precipitation amount and intensity measurements with the Ott Pluvio, Wiel Wauben, Instrumental Department,
INSAIO, KNMI, August 26, 2004
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corrected and quality controlled in fousteps with checks of completeness, climatologic
temporal/spatial consistency and marginal checks

Figure22 Pluvio with Remote Maitoring Module

4.7.2 Radar data

Radarbased reatime analyses of hourly precipitation amounts for Germany (RADOLRN)
guantitative radar composite product provided in naaal timeby DWD Spatial and temporal high
resolution, quantitative precipitation ata arederived from onlineadjusted radar measurements in
reaktime production for GermanyRadar data are calibrated with hourly precipitation data from
automatic sirface precipitation stationg.

4

http://www.dwd.de/bvbw/appmanager/bvbw/dwdwwwDesktop? nfpb=true& windowLabel=dwdwww_main_book&T1460994925114492118088
1lgsbDocumentPath=Navigation%2FWasserwirtschaft¥2en_Leistungen%2FRadarniederschlagsprodukte%2FRADOLAN%2Fradolan _node.ht
mi%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

s Doc.N: SAF/HSAPVR02/1.1
é H SAF Product Validation RepoRPVROZ |\ o cion index: 1.1
(Product HOZ PROBS2) Date:30/09/2011
Page52/177

The combination of hourlypoint measurementsat the precpitation stations with thefive-minute-
interval radar signal®f the 16 weather radargGBand Doppler)provides gaugedjusted hourly
precipitationsumsfor a~1km x ~1km rastdor Germanyin a polar stereographic projection

Radar site | Latitude (N)| Longitude (E] WMO No. Radar site Latitude (N)| Longitude (E] WMO No
Minchen | 48 A 20/ 11A 36/ 10871 Rostock 54A 10 12A 03| 10169
Frankfut | 50A 01/ 08 A 33| 10630 Ummendorf |52 A 09 11A 10/ 10356
Hamburg | 53 A 37/ 09A 509 10147 Feldberg 47A 52 08A 00| 10908

Berlin- 52A 28 13A 23 10384 Eisberg 49A 32 12A 24 10780
Tempelhof

Essen 51A 24 06A 58| 10410 Flechtdorf 51A 18 08A 48 10440
Hannover | 52 A 27/ 09A 416 10338 | Neuheilenbach | 50A 06/ 06 A 32 10605

Emden 53A 20/ 07A 01| 10204 Tiurkheim 48A 35 09A 47 10832
Neuhaus | 50A 30/ 11A 08| 10557 Dresden 51A 07 13A 46 10488

Tablel6 Location of the 16 meteorological radar sites of the DWD

Radarverbund des DWD mit 150 km Radien

/ 7 ¥ \ 7 3

$°Pe”:'é‘:::‘;‘eh’::;"’z'§f1”;’°“e /. geplante Radarstandorte O Radarradius 150 km

Figure23Left: radar compound in Germany (March 2011) ; Right: location of ombrometers for online calibration in
RADOLAN; squares: hourly data provision (ab800), circles: evenbased hourly data provision (about 800
stations) .
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The flowchart of online calibration method applied in RADOLAINp&ted innext figure

Input: Radar data (16
sites, 5 min intervalls)

Input: RR-data
{selected every 60
min) via RADOLAN

Preprocessing I (5 min intervalls):
- shading correction

- refined Z/R relation

- composite production

Preprocessing II (2 x in 60 min)
- summation to hourly composits
- statistical clutter suppression

- interpolation

1.

2.

Preprocessing III of Radar data with
station data (every 60 min):

==) - smoothing
- precalibration

Calibration of Radar data with
station data (every 60 min):

- calculation of calibration params
and interpolation

- calibrations

- intersection of different calibration
procedures for ,best result®

4.8 Ground data in Hungary (OMSZ)
4.8.1 Radar data

The network

The main data used for validation in Hungary would be the data of meteorological radars. There are

¥
Neuheilen-

Figure24 Flowchart of online calibration RADOLAN (DWD, 2004)

three Gband dual polarized Doppler weather radars operated routinely by the GiBgarian

Meteorologcal Service. The location and coverage of the three Hungarian radars are shuswh in

figurethe measurement characteristics are listedliablel8.

All three radars are calibrated periodically, with an externalibrated) TSG, the periodicity is kept

every 3 months.

Pogénr

NS

Figure25 The location and coverage of the three meteorological Doppler radars in Hungary
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Year of| Location Radar type Parameters
installation measured
1999 Budapest Duakpolarimetric Z, DR
Doppler radar
2003 Napkor Duakpolarimetric Z,HRKDE ppP
Doppler radar
2004 Poganyvar Duakpolarimetric Z,HRKDE ppP
Doppler radar

Tablel7 Main characteristics of the Hungarian radar network

The instruments

The Hungarian radar network is composed by three Dampaldars, 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 theneasurement campaigns are listednext table.

Budapest Napkor Poganyvar
Frequency band GBand, 5625MHz | GBand, 5610MHz | GBand, 5610MHz
quarlzatlon single single single
(Single/Double)
Doppler  capability
(Yes/No) Yes Yes Yes
Scan strategy| scan freq: 15 min scan freq: 15 min scan feq: 15 min
eIevgtlons, inal Elevaions(deg): 0 O] Elevaions(deg): 0 0] Elevaions(deg): 00
maximum - nominally 4y 18 27 38 5/1.1 1.8 2.7 3.8 5/1.1 1.8 2.7 3.8 5.
range  distance, g g g 5 6.6 8.5 6.6 8.5
range resolution
Range 240 Km Range 240 Km Range 240 Km
Resolution:500m Resolution:250m Resolution:250m

Table18 Characteristics of the three radar instruments in Hungary

The data processing

Radar measurements are influenced by many errarses that should be minimized as much as
possible. As such, in case of the Hungarian rdd&éa manycorrection methods are applied, or

planned to be applied int he near future to filter out false radar reflectivity measurements. Clutter
removal, and WLARiter is already implemented int he processing chain of all three radar data; and a
filter to disregard signals below 7dBz is also applied because in general, these data is not coming from
real rain drops, but false targets.

According to experiences, am blockage can result in serious underestimation of precipitation

amounts (e.g. behind the B6rzsdny mountains at the north of Budapest). So the bleam blockage
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correction is planned to be implemented during year 2012. Also, the attenuation correction (the
attenuation of electromagnetic waves in water environment, water drops) is planned for 2012.
Hungary does not apply VPR (Vertical Profile Reflectivity) correction.

Precipitation intensity is derived from radar reflectivity with the help of an empiricahiitet, the
MarshaltPalmer equation (R=a*Z"b, wheae200, b=1.6 From the three radar images a composite
image over the territory of Hungary is derived every 15 minutes applying the maximum reflectivity in
one column method, in order to make adjustmentsoverlapping regions.

Description of instantaneous and accumulated radar product used in HSAF Validation Activities

Rain gauge correction

The noncorrected precipitation field can be corrected by rain gauge measurements. In Hungary, we
do not make corretions to instantaneous 15 minutes radar data. In our institute, we only use a
correction for the total precipitation for 12 and 24 hour periods.

For the 3h and 6h accumulated products, we use a special method to accumulate rainfalls: we
interpolate the B-minutes measurements for-thinute grid by the help of displacement vectors also
measured by the radar, and then sum up the images which we got after the interpolation. It is more
precise especially when we have storm cells on the radar picture, becasisena cell moves a lot
during 15 minutes and thus we do not get continuous precipitation fields when we sum up only with
15.minutes periods. This provides satisfying results. However, there is still a need fgauge
adjustment because there are obusly places (behind mountains) that the radar does not see.

The radars are corrected with rain gauge data every 12 hours. The correction method using rain gauge
data for 12 hour total precipitation consists of two kinds of corrections: the spatial cayrewethich
becomes dominant in the case of precipitation extended over a large area, whereas the other factor,
the distance correction factor prevails in the case of sparse precipitation. These two factors are
weighted according to the actual situation. TWeighting factor depends on the actual effective local
station density, and also on the variance of the differences of the bias between radar and rain gauge
measurements. On the whole, we can say that our correction method is efficient within a radio8 of 1
km from the radar. In this region, it gives a final underestimation of about 10%, while at bigger
distance; the underestimation of precipitation fields slightly increases. Besides, we also produce 12
hour total composite images: first the three radartadaare corrected separately, and then the
composite is made from them. The compositing technique consists of weighting the intensity of each
radar at a given point according to the distance of the given point from the radars. This is also true for
the 24-hourly accumulations.

Resolution, projection, threshold of detection

The resolution of the radar data used for validation is 2km by 2km. This is true for the accumulated
and the instantaneous products as well. As We have already mentioned, the threshagteofion in
Hungary is 7dB. Hungarian radar data is available operationally in stereographic (S60) projection.
References

Péter Németh: Complex method for quantitative precipitation estimation using polarimetric
relationships for @and radars. Proceedf 6th European Radar Conference (ERAD), Helsinki (Finland);
http://erad2008.fmi.fi/proceedings/extended/erad2008270extended.pdf

4.9 Ground data in Italy (DPC, Uni Fe)
4.9.1 Rah gauge
The network
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The maximum number of available raingauges is about 1800, irregularly distributed over the surface.
On the average, however, a number of stations have low quality data, failure or data transmission
problems and their data are missing999 recorded). This number of no data stations is highly varying
on hourly/daily basis and ranges from few units to a hundred. In case of data acquired but not
transmitted/recorded, the first transmitted measure is the cumulated value over the time vthen

data were not transmitted.

The average minimum distance between closest stations is about 9.5 km, with a very high variance: in
some regions (such as Tuscany in central Italy) it is below 5 km, while in Emilia Romagna (Po Valley) it is
more than 20 k. A study of the decorrelation distance between stations as function of the mutual
distance has been carried out for the 2009 dataset. The decorrelation distance is defined as the
minimum distance between two observations that makes the Pearson coorlabefficient between

the two measures decrease belovi*.eResults are shown inext figure where the decorrelation
distance is plotted as function of the distance between stations. It appears that there is a large
variability of this parameter from high values (around 60 km for cold months when large
precipitating systems dominate and reduces to roughly 10 km when small scale convection is more
likely to occur (warm months).

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

precipitation fields in case of wintertime rainfall, while may be inadequate for spring/summer

convective events.
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Figure26 Correlation between rainrates detected by two close by stations as function @ thistance between the
two stations. Colors refer to the month along 2009
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In next figurethe distribution of working stations over Italy is shown for a given day.
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Figure27 Distribution of the raingauge stations of the Italianetwork collected by DPC

The instruments
The following information should bprovidedin this section:
— All the available raingauge are of tipping bucket type;
— Most of the raingauge have a minimum detected quantity of 0.2 mm, others have 0.1 mm.
— The maxinum rainrate that can be measured by the gauges ranges between 300 and 560 mm
over one minute, depending on the manufacturer.

The rainrate is measured over different cumulation intervals by the different local administrations
managing the network, but #ndata disseminated are all integrated over 60 minutes.

At the moment, the National network made available by DPC provides only hourly data, Shorter
cumulation times could be available for case studies after specific agreements with local management
authorities.

Only a small subset (about 300 stations) of gauges have heated funnel, especially in alpine regions
6adzOK Fa ==FffS RQ!2ail YR tASRY2yi{0X IYyR (GKAAZ
hailfall) and in autumn/winter (due to snowfall).

The data processing
No quality control is performed on the data right now.

In this Project the poinlike gauges data are interpolated by using the Barnes me{Badnes, 1964;

Koch et al, 1983) widely used to interpolate station data. It works binidefa regular output grid (5x5

1Y Ay 2dzNJ OF&aSo FyR | AN}YRAdzA 2F Ay FfdzSSyO0Sé 27
AYF2NNIEGA2Y FNBY | NIAy3IlLdAS A& aaLINBIRE Ay (K¢
influence radius, and # rainfall value for each grploint is computed as the contribution of all the

closest measurements.
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The resulting grid is a 5x5 km regular grid with 240 columns and 288 lines. Moreover, a Digital
elevation model is used to provide a mask of Italy in otde 1) screen out sepixels too far from the
coastlines and 2) process the pixels with the elevation above sea level.

49.2 Radardata

The network

The ltalian radar data have been not used for the validation of the current version of HO1 but the
verificationof the satellite product with those data is in progress. The results will be presented at the
next review of the project.

The Italian Department of Civil Protection (DPC) is the authority leading the national radar coverage
project in order to integratéhe pre-existent regional systems, made of ten C band fixed regional
installations (five of them polarimetric and one transportableafnd polarimetric radar), two systems
owned by the Italian company for air navigation services (ENAV), and three manatjed b
Meteorological Department of the Italian Air Force (AMI).

After its completion, the Italian radar network will include twesitye Gband radars (including seven
polarimetric systems) and five transportable dpalarized Xband radarsr{ext figure).The Italian
Department of Civil Protection is developing the radar network in Southern Italy and, thanks also to
the fruitful collaborations with Regional Authorities, ENAV and AMI, integrated all the existing radars
in one national network with a cleadaantage for both severe weather monitoring and civil

protection purposes.

National Weather Radar Coverage - 125km

Figure28 Italian radar network coverage

The existing sixteen-kand weather radars that belong to Regional Authorities ENAV and AMI are

listed below:

- Bric della Croce (Owner: Regione Piemonte; Polarization: on going upgrade to polarimetry)

- Settepani (Owner: Regione Piemonte and Regione Liguria; Polarization: dual)

- San Pietro Capofiume and Gattatico (Owner: Regione Emilia Romagna; Polariaatjon: d

. Monte Macaion (Owner: Regione Trentino Alto Adige and Provincia autonoma Trento; Polarization: single)
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- Teolo and Loncon (Owner: Regione Veneto; Polarization: single)

- Monte Midia (Owner: Regione Abruzzo; Polarization: single)

- Monte Rasu (OwneRegione Sardegna; Polarization: single)

- Fossolon di Grado (Owner: Regione Friuli Venezia Giulia; Polarization: single)
-Linate and 12) Fiumicino (Owner: ENAV; Polarization: single)

- Brindisi (Owner: Italian Air Force; Polarization: single)

- Grazzanis (Owner: Italian Air Force; Polarization: single)

- Pisa, (Owner: Italian Air Force; Polarization: single)

- Istrana, (Owner: Italian Air Force; Polarization: single)

The first Gband radar of new generation, directly managed by DPC (located in Tuliedy)yjs
operationalsince the beginning of 2008, whereas si#ad radars (including two dugblarized
systems) will be operationdly the end of 2008 (see Figu28). As an example, the national mosaic
CAPPI at 2000 m is showmiext figurerelatively to the event of 04/18/08 at 0015 U.T.C.

18-04-2008 ore 00:15

Figure29 Graphical mosaic of reflectivity (CAPPI at 2000 m) for the event of 04/18/08 at 0015 U.T.C.

As depictedbefore, each Doppler Radar System either dual or sipglarized (PBS or DRS) are

connected by satellite links to the two National Radar Primary Centres (RPC), located in Roma (DPC)
and Savona (CIMA Research Foundation) in order to mainly ensure the remote control (through the

RRC server) and products generation (throtighRPG server). The RPC located in Savona works as

Gol O1ldzLd OSY(iNBé¢ Ay 2NRSNJ G2 O2yliAydz2dzateée SyadnNB
Archive Centre) is devoted to archive and manage radar data and products by means of a relational
databaseThe generated products are then disseminated to all institutions composing the national
network.
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ET National Radar
Primary Center

Figure3OArchitecture of the Italian radar network

Data processing

Data processing and product generation are here briefly desdr In particular, attenuation

correction, hydrometeor classification, vertical profile of reflectivity correction and rainfall estimation
will be treated in the following sections

Radar data quality

As known, any fruitful usage of radar data either doantitative precipitation estimation or just for
operational monitoring, must deal with a careful check of data quality. Figisehematically shows

the operational processing chain that is applied within the system DATAMET ® (software system for
radar remote control, producgeneration, visualization, system maintenance, and data archive)
developed by DATAMAT S.P.A. Ground clutter, anomalous propagation, beam blockage effects are
routinely mitigated through the application of the decisitree methodproposed by Lee et al., (1995)

for single polarized systems. Dymilarized systems provide additior@bservables such as differential
reflectivity, correlation coefficient (and their texture) that can be used to further reinforce the
traditional techniqies. Furthermore, as soon as the polarimetric systems directly managed by DPC will
be operational (end of summer 2008), the property of the rain medium at vertical incidence are
planned to be used for differential reflectivity calibration according toghecedure proposed by
Gorgucci et al. (1999). Redundancy of polarimetric variables will also be used for absolute calibration
(Gourley et al., 2005).
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Figure31 Schematic representation of radar data processing chain

Attenuation correction and hydrometeor classificatiBolarimetric radar systems enable the use of
reliable algorithms for correcting rain path attenuation. Based on the paradigm that specific
attenuation ah,dp and specific differential phase Kdp (Kdp=0.5 dFdmrelf)nearly related in rain
(ah,dp =g h,dp Kdp), cumulative attenuation effects can be corrected through the .((ﬁarey et
al., 2000).
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Figure32 Measured (upper panel) andteenuation corrected (lower panel) PPI (1.0 deg) of reflectivity observed on
09/14/08 at 0500U.T.C. by the polarimetric radar operated by Piemonte and Liguria regions

Although, several approaches with different degree of sophistication have been propotezlast
years, the procedure (named APDP) proposed in Vulpiani et al. (289 Heen chosen to be
implemented for its physicadaptability and operationaltpriented architecture. APD@Adaptive

PhiDP method) is an iterative correctionaifenuation, based on theise of Fdp, that taking advantage
from the classification of hydrometeors (Marzano et al.,2006, 2007), adapt the coefficients g h,dp.to
the observed physical conditions.
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As an examplegrevious figureshows the 1.0 degree PPI of measurepper panel) and attenuation
corrected (lowermpanel) reflectivity observed on 09/14/08 at 0500 U.T.C. by the polarimetric radar
(located in mount Settepani) operatdry Piemonte and Liguria regioridext figureshows the
hydrometeor classes detected by tokassification algorithneorresponding to the event illustrated
before.

Hydrometeors

Distance North (km)

Distance East (km)

Figure33 Hydrometeor classes as detected by the classification algorithm starting from the radar variables
observed on 09/14/08t 0500 U.T.C. by the pdlianetric radar operated by Piemonte and Liguria regions

Note: LD(Large Drops LR(Light Raijy MR(Moderate Rai), HR(Heavy Rain R/H(Rain/ Hall
mixture), HA(Hail), G/H(Graupel or small H3jIDSDry Snow, WS(Wet Snow), IC(Ice Crystals

Recamstruction of vertical profile of reflectivity

Rainfall estimation might be heavily perturbed by the presence of melting snow due to the
enhancement of reflectivity factor (caused by the increase in size and dielectric constant), without a
correspondingncrease of rain rate. This well known problem is usually handled by retrieving the
Vertical Profile of Reflectivity (VPR) and correcting the observed measures.

The algorithm developed by ARIBMM for VPR retrieval and correction is currently under testaer

to be implemented within the DATAMET system. It is based on the computation of mean VPR shape
(Germann and Joss, 2002) and, assuming it to be uniform in the whole radar domain, on the retrieval
of the reflectivity at the desired level by the simpléding of a constant quantity (in dBZ units). The
original algorithm is modified and integrated with a VPR diagnosis and analysis phase, to handle
different operative problems (Fornasiero et al., 2008).
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As an exampleyext figureshows the measured (uppg@anel) and VPRorrected (lower panel) PPI of
reflectivity observed on 03/25/07 at 0930 U.T.C. by the polarimetric radar located in Gattatico (Emilia

Romagna, Italy)

a)

25/03/3007 09:30 GMT — gat

b)

25/03/2007 09:30 GMT — gat

Figure34 Measured (upper panel) and VPR correctddvier panel) PPI of reflectivity observed on 03/25/07 at 0930
U.T.C. by the polarimetric radar located in Gattatico (EmRamagna, Italy)

Rainfall estimation
Quantitative rainfall estimation is one of the first application of the radar network. Thenastn of
rainfall at the ground takes advantage of the dense network of raingauges spread all over Italy. This
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network is one of the most dense in the world with more than 1700 gages and it is used for tuning and
correcting the operational-R algorithmf non-polarimetric radars.

In order to evaluate the benefits of upgrading the new radar installations tgp&ldirimetric radars

and for considering the benefit of existing polarimetric radars, many studies have been carried on by
Research Centres amgional Authorities belonging to the network (e.g,. Silvestro et al 2008). As an
example, imextfigure is shown the cumulated rainfall estimates versus gage measurements obtained
for the event observed on 06/01/2006 by the dualpolarizeBad radar oMt. Settepani. The figure
shows the comparison between a mufiarameter algorithm that uses polarimetric data (Silvesto et

al., 2008) and a simple ZR relationship (Marshalimer).
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Figure35 Cumulated radar rainfall eimates versus gage measurements for the event observed on 06/01/2006 by
the dualpolarized radar located in Settepani (Liguria, Italy

4.10 Ground data in Poland (IMWM)
4.10.1 Rain gauge

The network

The maximum number of rain gauges in the Polish ATS (AutomatiodigteStation) national

network is 950. Each ATS post is equipped with two independent rain gauges of the same sort. One of
them is heated during the winter period and the other one is not. Therefore precipitation information

is derived from 475 points dhe time. Fact that rainfall is measured by two equally sensitive

instruments two meters away from each other at the same post, enables to apply simple in situ data
quality control during summertime. During winter ndweated rain gauge is covered with @pcto

prevent it from being clogged by the ice and damaged. Because of that the precipitation information
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derived from ATS network in winter cannot be verified using this method. It can be stated that during
the wintertime precipitation information mightéburdened by a slightly bigger measuring error.

The number of rain gauges available feEAF validation activities varies from day to day due to
operational efficiency of ATS network in Poland and depends on large number of independent factors.
It can bestated that the number varies between 330 and 475 rain gauges for each day of operational
work.

Mean minimum distance between precipitation measuring ATS posts (between each pair of rain
gauges) in Polish national network is 13,3 km.

N

A

Legend
o ATS gauges

e "SYNOP" gauges 0 100 200 km

Main rivers

Figure36 ATS national network in Poland

Theinstruments

All rain gauges working within Polish ATS national network are MetOne tipping bucket type
instruments. Minimum detected quantity that can be measured by those rain gauges is 0,1 mm/h
which means that each tilt of rain gauge bucket adds 0,1mm to the total sum of the measured
precipitation. During very heavy precipitation events MetOne rain gauges tend to underestimate real
precipitation by factor of 10%. Maximum measured rainr@tenh*) by MetOne instruments in Poland
was recorded in 5.06.2007 at ATSO Koscielisko Kiry at the foot of Tatra Mountains. The recorded
values reached 65 mm/h. Operational cumulation intefwain) of ATS networkain gauges is set for
10 minutes and can be adjusted acding to given needs. There is possibility to have very short
cumulation intervals for case studiegheoreticallyl minute- but not on every given precipitation
post. It depends on local DCS settings.

The dhta processing

As stated above the data glig control can be achieved by comjsm on two rainfall datasets
collected by two independent rain gauges at the same ATS post. It is done operationally during
summertime. There is no such possibility during the winter because of lack dfeaiad raingauge
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dataset. In case that one pair of rain gauges at the same ATS post provide two different rainfall
readings the higher one is taken into account.

No specialization technique is used for standard validation process. However, for some case studies,
the Natural Neighbor technique is applied for satellite and ground precipitation data. To match the
precipitation information with satellite data spatial and temporal matching are applied.

e Spatial matchingfor each given satellite pixel, the posts situateithin that pixel were
found. The pixel size was taken into account, however, its shape was assumed to be
rectangular. If more than one rain gauge were found within one satellite pixel, the
ground rain rate value was calculated as a mean of all rain gamgesurements
recorded within that pixel;

e Temporal matchingsatellite derived product is combined with the next corresponding
ground measurement. As the ground measurements are made with 10 minute time
resolution, the maximum interval between satellite carground precipitation is 5
minutes.

4.11 Ground data in Slovakia (SHMU)

4.11.1 Rain gauge

The network

In Slovakia there are overall 98 automatic rain gauge stations potentially available for-$t#d=H
project. The real number of usable gauges varies with time becansaverage about 20 of them are
out of operation.

Mean minimum distance between ragauges in the complete network is 7,74 km. Map of the rain

gauge network in Slovakia containing also climatological and selected hydrological stations is shown in
next figure.

Figure37 Map of SHMU rain gauge stations: greerautomatic (98), bluec climatological (586)red - hydrological
stations in HSAF selected test basins (37)

The instruments
Type of all the automatic rain gauges is tippbucket (without heating of the funnel). The gauges are
able to measure precipitation rates ranging from 0,1 to 200 mm/h at 10 min operational accumulation
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interval. Shorter accumulation interval of 1 min is also possible which makes the instrumeatsesui
for case studies in the-BAF project.

The data processing

The rain gauge data are not used at SHMU directly for #8AR precipitation validation but they are
utilized as the input to the INCA precipitation analysis system which is supposeddmdec new
validation tool. Prior the INCA analysis the rain gauge data are interpolated onto the regular 1x1 km
grid using the inversdistancesquared (IDS) interpolation method. Only the 8 nearest rain gauge
stations are taken into account in the intedadion in order to reduce occurrence of precipitation bull
eyes artifact.

SHMU perforrs the offline automatic and manual quality cheskthe rain gauge datdn frame of the

INCA system a quality control technique called blacklisting has been develdpe avoids the data

from systematically erroneous rain gauges to enter the analysis. Currently the blacklisting is used in
manual mode only.

4.11.2 Radardata

The network

The Slovak meteorological radar network consists of 2 radarmésddigurg. One is suated at the

top of Maly Javornik hill near city Bratislava and second oae the top of Kojsovska hola hill close to
the city Kosice. Both are Dopplerp@nd radars; the newer one at Kojsovska hola is able to measure

also the dual polarization variadd (noroperational).
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Figure38 Map of SMU radar netork; the rings representaxim operational rarg&0 km for radar at Maly
Javornik (left), 200 km for radar at Kojsovska hola (right)

The instruments

The radars are opated and technically maintained by SHMReceivers of radars are calibrated

regularly by means of internal test signal generator (TSG). In case of radar at Maly Javornik calibration
is performed every 3 months and in case of radar at Kojsovska hola erremtt.
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The basic parameters of both SHMU radars are summarizeekirtable

Maly Javornik Kojsovska hola
Frequency band GBand, 560 MHz GBand, 56 MHz
Polarization Inale Double(but so far only single pol
(Single/Double) 9 products generated)
Doppler capability
(Yes/No) Yes Yes
Scan strategy: scan| Scan frequency: 5 min Scan frguency: 5 min

frequency, e'e"a“o_”s’l Elevations (deg): 0.2 0.7 1.4 4 Elevations (deg):-0.5 0.0 0.5 1.
maximum — nominall 3 6 5 4739513.017.025.0 | 1.5 2.5 4.0 6.0 10.0 20.0

range distance, rangg

resolution Range240 Km Range: 20 Km

Resolution1000m Resolution125m

Table19 Characteristics of the SHMU radars

The data processing

For ground clutter removal the Doppler filtering is used.case of radar at Maly Javornik the
frequencydomain IIR filter is used, at Kojsovska hola the Doppler filtering is supplemented with
moving target identification (MTI) technique. Isolated radar reflectivity and Doppler velocity bins are
removed by the Sgckle removal filter. The data with signal to noise ratio below the specified
threshold are also eliminated.

The measured radar reflectivity is corrected for atmospheric (e@rattenuation of the radar beam.
Neither beam blocking correction nor vemal profile of reflectivity (VPR) is applied at SHHMowever
implementation of the beam blocking correction is being considered for #8AHR validation due to
complicated orographical conditions in Slovakia.

Precipitation intensity is derived from radaeflectivity according to the MarshaRalmer equation
(Z=a*R"b) with constant coefficients valid for stratiform ra@Z00, b=1) Polarimetric techniques
for quantitative precipitation estimation in case of dual polarization radar at Kojsovska relaoar
used because the measured polarimetric data are not operational (calibration would be required).
Software filter for the RLAN interference detected by radars is currently in development ai.SHM

Radar composite based on CAPPI 2 km products fromradtrs is used for the-8AF validation. The
composition algorithm used selects the higher value measured by the two radars in the overlapping
area.

No raingauge correction of the derived instantaneous precipitation is applied. Effect of elevating radar
beam with increasing range and beam attenuation is reduced by limiting the validation area to rain
effective range of 120 km for both radars in the composite.

The instantaneous precipitation products are provided in Mercator projection with approximately 1
km resolution. Threshold for precipitation detection is 0,02 mm/h. Time resolution of the current
instantaneous products is 5 minutes, for the products prior to April 2010 it was 10 minutes and prior to
August 2009 15 minutes.
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Precipitation accumulatiomicase of dhourly interval is based on integration of 5 (10 or 15) minutes
instantaneous measurements in time period of 3 hours. Accumulated precipitation for intervals of 6,
12 and 24 hours is calculated as a sum of tHeoG@rly accumulated precipitatioanAt least 92% of
instantaneous measurements must exist in relevant time period for the®ly accumulated product

to be produced.

No rain gauge correction of the accumulated precipitation is applied but the same limitation of
validation area is used #ar the instantaneous product. Threshold for precipitation detection of the 3
hourly accumulated product is 0,5 mm. Geographical projection and space resolution of the
accumulated products are the same as those of instantaneous product (see above).

For \alidation of HSAF precipitation products it is necessary to know errors distribution of used
ground referencedata ¢ in case of SHMU it is precipitation intensity and accumulated precipitation
measured by Slovak radar network. For this purpose a study®®® G {1 a'! &addzRe 2y
NI RIF'NJ YSIF AdzNBYSyda ljdzZh t AGé AYyRAOFG2NI gA0K NBIII
distribution of errors in radar range next steps had to be done:
e simulations of terrain visibility by radar network us@@m digital terrain model
e statistical comparison of radar data against independent rain gauge data measurements
e derivation of dependence (regression equation) describing the errors distribution in radar
range with regard to terrain visibility, based onrrgauge and radar data statistical evaluation
computation of error distribution maps using regression equation and terrain visibility

Main results of this study are shownmext figure It is evident that the best visibility of SHM&abars
correspondsto the lowest URERMSE of 60% displayed by light violet colors. BRI3SE is of quite
homogeneous distribution with average of 69% in prevalent lowlands of Slovakia displayed by bluish
colors. But in central and nortivest mountainous areas this error exceet00%.

Figure39 Map of relative RMSE (left) and Mean Error (right) over the SHMU radar composite

Similar studies that have been carried out in the PPVG on comparison of radar data with rain gauge
data have shown in generghat RMSE error associated with radar fields depends considerably on
radar minimum visible height above the rain gawggpecially in mountainous countries. In lowlands

this dependence is not so significant, but no negligible. The reason can be the lafatolar sites at

GKS (2L 2F KAffta |yR AYLRaairAoAtAalde 2F (GKS 268
Slovakia The URRMSE error of radar accumulated fieldbétween 6690%, with an average URD

RMSE value of 69,3%. Mean Error spetifier 24hours cumulatedprecipitation is-4,42mm or
converted into instantaneous precipitatiornt0,184 mm/h. RMSE specified for-Bdurs cumulated
precipitation is 9,48mm or converted into instantaneous precipitation 0;3@&%h.




So— Product Validation Report PVRO2 Doc.N: SAF/HSAPVR02/1.1
e H SAF foduct Vaiidation Repo Issue/Revision Index: 1.1

Support fo Operational

i (Product HOZ, PROBS2) Date:30/09/2011
Pagei71/177

Complete SHMU study @sailable on the FSAF ftp server:
/hsaf/WP6000/WP6100/precipitation/WG_groups/Weaadar/WG-2-3_radar quality
indication_v1.doc

4.12 Ground data in Turkey

4.12.1 Rain gauge

The network

193 Automated Weather Observation Station (AWOS) located in the western part @yTank used

for the validation of thesatellite precipitation productsin the HSAF project. The average distance
between the AWOS sites is 27 Khme locations of the AWOS sites are showmext figure
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Figure40 Automated Weather Observation System (AWOS) station distribution in western part of Turkey

The instruments

The gauge typeof the network is tipping bucketwhere each has &eated funnel The minimum
detection capability of the gauge is 0.2mm per tip. In the maximunacap of the instumentis 720
mm/h at most. The perational accumulation interval is 1 minute, so thaternative cumulation
intervals such as 5, 10, 20, 30 minuses possible.

Data processing

Quality control

High quality of the ground data is ccdl for performing the validation of the precipitation products.

The validation results or statistics can provide meaningful feedbacks for the product developers and
additionally the products can be used reliably only if there is a confidence present #itgogtound

data at a certain level. For this reason, some predefined quality assurance (QA) tests are considered for
the precipitation data in order to define the confidence level. First of all, a flagging procedure is
defined as describenh next table

QA Flag Value QA Status Brief Description
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0 Good Datum has passed all QA Test
1 Suspect There is concern about accuracy of datum
Failure Datum is unstable

Table20 QA flags descriptions (modified from Shafer et al., 1999)
The precipitation data QA tests are summarized as follows.

Range Test
Thistest isused to see if any individual precipitation observation falls within the climatological lower
and upper limits. The test procedures applied in the study are as follows.

IFLimiower <Obseyf; < Limypper THENODbse[ flag isW D 2 2 R Q
IFObser > LimyyperORODbSES;: < Limower THENODse[ flag isSW C I A dzNEB Q

Lim owerand Limypper thresholds are separately determined for each stationsomonthly basis. At any

specific site, all the observed monthly data is considered for determination of the upper and lower
fAYAGAO® @ L eAy3d GKAa (Saidxz SHFOK 20aSNII (A:
on the comparison testsientioned above.

Step Test

It is used to see if increment/decrement between sequential observations in time domain is in
acceptable range or not. The applied test procedure is,

IF |Obser,-Obsey..1| < Step THENObser;flag is#! D 2 2 R Q
IF |Obser, -Obser.1| > Step THENObser; flag isW{ dza LIS O Q

Step threshold is determined again for each site on a monthly basis. For each site, the dataset
containing the absolute difference of the sequential observations is determined by considering the
observatons for the matching month. The 99.9 % cumulative histogram value of the dataset is set as
the Stepthreshold for the related site and month.

Persistence Test

Persistence test is used to determine if any group of observations are due to instrumerdgdailime
test procedure applied is defined as,

L C ¢ FlagforatQbSebin Y WD2 2 RQ

LC ¢ Hlagforat@bSebin Y W{ dza LISO 1 Q

GKSNBE ¢ A& GKS G201t ydzYoSNI 2F GKS &SljdzsSYyaGAal €
possible maximum number of sequentially repeating o3&l GA2yad !'a Ay (GKS 2
threshold is determined for each site on a monthly basis. For any site, the data belonging to the same
month is taken into account to determine the repeating number of the sequential observations. Then,
99.9 % cumuldt @S KA &G 23aINI Y @Gl ftdzS 2F G(KS NBLSFIAy3 ydzy
the corresponding site and month. Since there is a high possibility pfempitation data (zero), the
sequential zero observations are excluded in this test during @8I N A Yy | GA2Yy 2F (K
amount and application of the test.

QA Test procedure
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By applying the control procedures of the QA test mentioned above, each individual precipitation
observation receives three flags referring to the corresponding testtite corresponding observation
AT it GKS GSad Ftr3 Aa y2id WD22RQ (KSy (KS 204

Use of spatialization technique

Due to the time and space structure of precipitation and to the sampling characteristtostiothe
precipitation products and observations used for validation, care has to be taken to bring data into
comparable and acceptable range. At a given place, precipitation occurs intermittently and at highly
fluctuating rates. Various maps, time serigsalysis, statistical and probabilistic methodologies are
employed in the validation procedure classically, but some additional new aspects such as the spatial
O2@OSNI 3S OSNATFAOFLGAZ2Y Y2RSt 27 L2 AyaG Odzydz | G A
1998) are proposed for usage in this work.

Each precipitation product within the-BAF project represents a foot print geometry. Among these,
HO1 and HO2 products represent an elliptical geometry while HO3 and HO5 have a rectangular
geometry. On the othe hand, the ground observation (rain gauge) network consists of point
observations. The main problem in the precipitation product cal/val activities occurs in the dimension
disagreement between the product space (area) and the ground observation span.(foi be able

to compare both cases, either area to point (product to site) or point to area (site to product)
procedure has to be defined. However, the first alternative seems easier. The basic assumption in such
an approach is that the product value ®mogenouswithin the product footprint. Next ifure
presents satellite foot print (FOV) centers of tH81 andHO02 producs, an elliptical footprint for the
corresponding center (area within the yellow dots) and Awos ground observation sites. The
compaison statistic can be performed by considering just the sites in the footprint area. Although this
approach is reasonable on the average but it is less useful in spatial precipitation variability
representation. The comparison is not possible when noisigvailable within the footprint area.

* : Awos sites
T + : FOV center

Figure41HO1 and HO2 products footprint centers with a sample footprint area as well as the Awos ground
observation sites

Alternatively, the point to area approach is more appealing twe realistic comparison of the
precipitation product and the ground observation. This approach is simply based on the determination
of the referenceprecipitation field underneath the product footprint area. To do so, the footprint area

is meshed and pragitation amounts are estimated at each grid point by using the precipitation
observations at the neighborn Awos sites as shown imext figure A 3x3 km grid spacing is
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considered for the products with elliptical geometry while 2x2 km spacing is coedider the
products with rectangular geometryzor any grid point, Awos sites within the 45 km for the time
period of ApridSeptember (convective type) and 125km for the rest(stratiform type) are taken into
consideration At each grid point, the precipitetn amount is estimated by,

n
2W(1 m)Zi
Zpm =12 (4.131)
ZW(ri,m)
i=1

where %, is the estimated value and W) is the spatially varying weighting function between thb i

site and the grid point m.
+ * : Awos sites
+ + : FOV center

4

Figure42 Meshed structure of the saple HO1 and HO2 products footprint

Determination of the W(r,) weighting function in Equation 1 is crucial. In open literature, various
approaches are proposed for determining this function. For instance, Thiebaux and Pedder (1987)
suggested weightirgyin general as,

l(r2_,2 )
J —— for nm<R

W(rim)=1(R? +1, a (4.132)
0 for 1 m 2R

where R is the radius of influenceyfis the distance from point i to point m to the point awndis a
power parameter that reflects the curvature of the weighting function. Another form of geometrical
weighting function was proposed by Barnes (1964) as,

[ ]
W(r; . )=ex —4('—”‘} I (4.133)
e {2 |

Unfortunately, none of these functions are observation dependent but suggested on the basis of the
logical and geometrical conceptualizations only. They are based only orcahigguration, i.e.
geometry of the measurement stations and do not take into consideration the natural variability of the
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meteorological phenomenon concerned. In addition, the weighting functions are always the same
from site to site and time to time. Heever, in reality, it is expected that the weights should reflect to
a certain extent the regional and temporal dependence behavior of the phenomenon concerned.

For the validation activities, the point cumulative stk NA 2 AN} Y G SOKY A ljaddS LINE
Habib (1998) is used to determine the spatially varying weighting functions. In this approach, the
weightings not only vary from site to site, but also from time to time since the observed data is used.

In this way, the spatial and temporal variabilifythe parameter is introduced more realistically to the
validation activity.

Matching approach

The temporal and spatial matching approaches are applied separately in the validation of the satellite
products. As for the temporal matching, the produtitne is taken into account and 5 minute
window(t-2 to t+3) is considered for estimation of the average rainrate for each site.

For the spatial matching, the mesh grid size of 3kmX3km is constructed for each IFOV area. For each
grid point, the rainrate i®stimated by taking the 5 minute averaged rainrate amounts observed at the
nearby AWOS sites within the radius distance of 45 km(for convective type) or 125 km(for stratiform
type) considering the weighting of each site with respect to the grid point(fitmud). The weighting
amounts are derived fronthe spatially varying weighting functionsbtained by using thesemt
variogramapproach( Sy I y R998).IFimallyj the Gaussian filter is applied to the estimations at

the mesh grid of the IFOV area to dhe average rainrate. Then, this amount is compared with the
satellite precipitation product amount for the validation purposes.

4.13 Conclusions

After these inventoriessome conclusiosican be drawn.

The rain gauge in PPVG is composed y03Bstrumentsacross the 6 CountrieBelgium, Bulgaria,
Germany, Italy, Poland, and Turkey. These dataaseisual, irregularly distributed over grouadd

are generally deduced htypping bucket typeinstruments. Moreover most of the measurements are
hourly cumulaéd. So probably theaingaugenetworks used in this validation activities are surely
appropriated for the validation of cumulated products (1 hour and higher), whil¢ghtovalidation of
instantaneous estimates the use of hourly cumulated ground measuné&reould introduce a large
error. Moreover the revisiting time (3,4 hours) HO2 makes impossible or not reasonable to validate
the product for 224 hours cumulated interval. The first object of PRR@in GaugeWG)in the next
future it will be toquartitatively estimate the errors introduced in the validation procedure comparing
the instantaneous satellite precipitation estimation with the rain gauge precipitation cumulated on
different intervals(the Polish and Turkish data will be used for this psglo

Therain gauge inventory has algminted out that different approaches for the estimates matching
are considered in the PPVThe second steps in the next futungll be todefine the rain gauge spatial
interpolation technique and to develop the rédal software.

The radar data in the PPVIE& composed by 54 -Band radars acrosshe 7 countries:Belgium
Germany Hungary Italy, SlovakiaPoland Turkey The rain gauge network responsildeclarel that
the systens are kept in a relatively good statuThe rain gauge inventory pointed out that different
correction factors are applied’his means that the corresponding rainfall estimates @ixerse, and
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the estimation of their errors cannot be homogenizédhe first step in PPV®adar¢WG)will be to
define aquality indexon the base of thestudy performed by the Slovakian team (Annex 4) and the
scheme published by. Szturcet all 2008. The main difficulty consists on the definition of a quality
index computable for every radar networks of PPV@& &¥aluation of this quality index will allow
to evaluate the rain gauge error in the same way and to select the more reliable raidathdata
PPVG.

In this chapter the first example of precipitation fields integration has been provided (Secti@y: 4
INCA andRADOLANroducts. The INCA system,t@ol for the precipitation products validatigns
available in Slovakia and Poland, in both countries being run kogeeational mode. In Germany
similar precipitation analysis system called RADOLANIrg lvan operationally. This tool is already
used for validation of the $AF precipitation products @ermany The study performed in the PPVG
(INCAWG)showedthat the accuracy and reliability of the raingauge stations significantly affect final
precipitation analysis of the INCA or INHii¥e systems In order to solve this problem an automated
blacklisting technique is going to be developed at SHMU (currently blacklisting is used in manual
mode). The next step will be to develofme software for ugscaing the INCA precipitation field into

the satellite poduct grid The grids of INCA and RADOLAN have similar horizontal resolution to the
common radar gridThe upscaling software will allow to provide case study analysis and statistical
score evaluatiorfor future considerations on the opportunity to use these precipitation integration
products in the ksaf validation programme.

5 Validation results: case study analysis

5.1 Introduction

As reported in the Chapter 3 the common validation methodology is compafskdge statistic (muli
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 idefying existence of pathological behaviour, selected case studies are useful

in identifying the roots of such behaviour, when present.

This Chapter collects the case study analysis performed by PPVG on HO2 for the year 2010. The
Chapter is structured byddntry / Team, one section each. The analysis has been conducted to
provide information to the User of the product on the variability of the performances with
climatologicabnd morphological conditions, as well as with seasonal effects.

Each section preses the case studies analysed giving the following information:

e description of the meteorological event;

e comparison of ground data and satellite products;

e visualization of ancillary data deduced by nowcasting products or lightning network;
e discussion of tha satellite product performances;

e indications to satellite product developers;

e indication on the ground data (if requested) availability into th&AF project.

In the future the PPVG will test the possibility to present case study analysis in thedesirglicated
by the hydrological validation team, in order to provide a complete product accuracy and hydrological
validation analysis to the users.
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5.2 Case study analysis in Belgium (IRM)
5.2.1 Case study: August 417", 2010

Description

This event has beeselect because convective precipitation occurred duringq1¥47 August and
covering large parts of the study area duringall 16 August. A low was moving from Germany to
The Netherlands (next figure). Warm air from Central Europe was lifted over caszdiair over the

study area.
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Figure43 Synoptic situation on 15 August 2010 &tUTC (zoom ithe
surface map)

Data used

Products (H02) from August 14t 6.00 UTC to August &t 18.00 UTC have been considered in this
study. The total is 32 satellite passages, distributed as follows:

- 4 in the afternoon of August 14
- 4in the morning of August 1%
-7 in the afternoon of August 15
-8 in the morning of August 1%
-3 in the afternoon of August 16
-6 in the morning of August 17

The ground data used for validation are the Wideumont radar instantaneous nexaeuts, without
rain-gauge adjustment. Radar data are available within 5 minutes around the satellite passage.

Comparison

Here are three examples of HO2 files, compared with radar data upscaled to the same grid. The first
two examples are observing thersa scene from different satellites at noon of August' 1&hile the

third one refers to the early morning of August‘ﬁG
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Figure44HO02 image of August 15, 2010 at 12.08 (left) compared with upscaled radar at 12
(right). The scale corresponds to thresholds of 0.1, 1., and 10. min h

Figure45H02 image of August 15th, 2010 at 12.09 (left) compared with upscaled radar at 1z
(right ¢ the same radar image as above, but upscaled on a different grid). The scale correspt
to thresholds of 0.1, 1., and 10. mm-h




L Doc.Nd: SAF/HSAPVR02/1.1
Product Validation ReporPVR02 . )
Issue/Revision Index: 1.1

(Product HOZ, PROBS?) Date:30/09/2011
Pagei79/177

Figure46 HO2 image of August 16th, 2010 at 2.07 (left) compared with upscaled radar at 2.0
(right). The scale corresponds to thresholds of 0.1, 1., and 10. rain h

We can see that in the noon case thatching is rather good and the images from two satellites are
consistent in particular in detecting the precipitation cells in the North of the validation area. There is
just a slight underestimation. In the morning case it is quite good.

Scores evaluatio

The score evaluatioresults Table21) arequite good if compared to long period statistics, especially
for what concerns correlation, POD and FAR. A slight underestimation is reported over all the case
study (onsistently with the long period statistics).

Sample 32
Mean error* -0.43
Standard deviation* 1.37
Mean absolute error* 0.98
Multiplicative bias 0.72
Correlation coefficient 0.49
Root mean square error* 1.45
URDRMSE 1.56
POD 0.62
FAR 0.22
Csli 0.52

Table21 Scores obtained with the comparisowith radar data (* in mmh'l)
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The time evolution of the fraction area with rain, the average rain rate over this area, the Equitable
Threat Score (ETS), and the root mean squena ¢RMSE) is reported the following figure:
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Figure47 Time evolution of fraction area with rain, average rain rate over this area (threshold 0.25 mm/h), RM
and ETS during the present case study

Conclusions

From gqualitative and statistics comparison, it appears that for this case study (summer storm
characterized by convective rainfall) the h02 product could reproduce the rainfall patterns viti¢h qu
good confidence, slightly underestimating rainfall amounts.

5.2.2 Case study: August 224", 2010
Description

This event has been chosen because thunderstorms with intense precipitation resulted in local
flooding in Belgium. The country was at tedge of a large anttyclone which was moving away
towards SoutkEast fext figurg. Warm but humid and unstable air was brought from Seitbst
whereas a cold front was moving from West.

]|

Figure48 Surface map on 22 August 2010 at (
UTC (MSLP and synoptic observations)

Data used
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Products (H02) from August 22t 6.00 UTC to August® at 12.00 UTC have been considered in this
study. The total is 12 satellite passages, distributed as follows:

-4 in the early afternoon of August 92
- 2 in the early morning of August 93
-3 in the early afternoon of August 93
-3 in the ealy morning of August 24

The ground data used for validation are the Wideumont radar instantaneous measurements, without
rain-gauge adjustment. Radar data are available within 5 minutes around the satellite passage.

Comparison

Here are three examples &f02 files, compared with radar data upscaled to the same grid. The first is
in the morning of August 23 the second around noon, and the third one refers to the early morning
of August 24

Figure49HO2 image of August 23th, 2010 at 2.35 (left) compared with upscaled radar at the ¢
time (right). The scale corresponds to thresholds of 0.1, 1., and 10. lmin

Figure50H02 image of August 23th, 2010 at 12.23 (left) compared with upscaled radar at
(right). Tre scale corresponds to thresholds of 0.1, 1., and 10. mih h
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Figure51 HO2 image of August 23th, 2010 &R.23 (left) compared with upscaled radar ¢
12.25 (right). The scale corresponds to thresholds of 0.1, 1., and 10. Aim h

We can see that in all the shown cases the satellite is able to detect the presence of rainfall in the area,
but it tends to underestimate the extension and the amount of it.

Scores evaluation

The score evaluation resulf$able 1) are not as good as the other summer case. They appear more
aligned to the ones obtained in the long period analysis, with noticeable underestimation. This might
be connected with the fact that in this case, the fraction of area interested byainéall is smaller
(seeFigure52 and, for comparisorkigure4?).

Sample 12
Mean error* -0.72
Standard deviation* 1.66
Mean absolute error* 1.06
Multiplicative bias 0.52
Correlation coefficient 0.41
Root mean square error* 1.73
URDRMSE 0.95
POD 0.59
FAR 0.36
Csl 0.44

Table22 Scores obtained with the comparisowith radar data (* in mmh™)

The time evolution of the fraction area within, the average rain rate over this area, the Equitable
Threat Score (ETS), and the root mean square error (RMSE) is repdhedalowing figure




Doc.No: SAF/HSAPVRO2/1.1

Product Validation ReporPVR02 Issue/Revision Index: 1.1

(Product HOZ, PROBS2) Date:30/09/2011
Page83/177

f 1.0 £
E 0sF El + 3
i aBfF E . T + :
g 04f T e + * 3
2 ozf + + i — E
'Lé 2.0 E| 3
2 e 23 24 25 23 24 25

1.0 2.0

o8 e 1 sE E
o 0:4: . : % w.o:— + + ,;

0.2 * * 3 o5k + * * 3

00F + * + E g

- 0.0

2z 23 24 25 22 23 24 25

Figure52 Time evolution of fraction area with rain, average rain rate over this area (threshold 0.25 mm/h), F
and ETS during the present case study

Conclusions

From gqualitative and statistics comparison, it appears fbathis case study the h02 product could
reproduce the rainfall patterns, but regularly underestimating rainfall amounts and areas. The results,
aligned with the ones of long period statistics, are sensibly worse than the ones obtained for the other
summer case study, occurred just one week before.

5.2.3 Case study: November 2 15" 2010
Description of the event

A wide area with low pressure extended from Scandinavia to Great Britain and made a very active
precipitating perturbation stay over the catry during several dayséxt figure and result in high
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Figure53 Surface map on 13 November 2010 at 06 UTC (MSLP anc
synoptic obsevations)

Data used

Products (H02) from November 12t 0.00 UTC to November "1t 18.00 UTC have been considered
in this study. The total is 58 satellite passages, distributed as follows:
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- 14 in themorning of November 12

-2 in the early afternoon of November 2
-9 in the morning of November 13

-6 in the early afternoon of November %3
-9 in the morning of November 14

-6 in the early afternoon of November 14
-7 in the early moring of November 1%;
-5 in the early afternoon of November 5

The ground data used for validation are the Wideumont radar instantaneous measurements, without
rain-gauge adjustment. Radar data are available within t5 minutes around the satellitegeassa

Comparison
Two representative examples of the comparison between HO2 and upscaled radar are given.

Figure54 HO2 mage of November 13th, 2010 at 12.53 (left) compared with upscaled radar at 1
(right). The scale corresponds to threshls of 0.1, 1., and 10. mm-h

Figure55H02 image of November 15th, 2010 at 1.29 (left) compared with upscaled radar at
(right). The scale corresponds to thresholds of 0.1, 1., and 10. min h

The matching of the precipitation area is very week, and onlyne case cell withrain rate greater

than 1

mm R is detected.
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Scores evaluation

The statistical scores of the comparison between HO2 and upscaled radar data are gikien on
following table

Sample 58
Mean error* -0.60
Standard deviation* 0.49
Mean absolute error* 0.64
Multiplicative bias 0.20

Correlation coefficient 0.13
Root mean square error*  0.80

URDRMSE 0.88
POD 0.19
FAR 0.37
CSlI 0.17

Table23 Scores obtained with the comparisowith radar data (* in mmh™)

These results, unlikehe summer case, show performances lower than the ones of the-penigd
analysis, with low probability of detection, high false alarm ratio and large underestimation. It can be
added that the radar data cumulated over 24h revealed to be underestimatedpaced with
interpolated rainrgauge data. This of course only worsens the conclusion about the product.

The time evolution of the fraction area with rain, the average rain rate over this area, the Equitable
Threat Score (ETS), and the root mean square €éRBISE) is reported imext figure
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Figure56 Time evolution of fraction area with rain, average rain rate over this area (threshold 0.25 mm/h),
RMSE and ETS durintgetpresent case study

Conclusions

From the visual and statistical comparison with radar data, it appears that the HO2 product fails to
reproduce the rainfall patterns and amount in this winter situation.
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5.3 Case study analysis in Germa(BfG)
5.3.1 Case study: August", 2010 (River NeiRRe, Oder, Spree and Elbe catchments)

Description
At 7" August 2010 there was a baroclinic zone reaching from the Baltic sea across Poland and Czechia

until Austria, where sulropical air was advected from sdutto north at the eastern flank of the
associated low pressure. During the #/8ugust 2010 the precipitation reached about 35 mh{f50

mm in 48 hours) in parts of Germany, especially in Saxony, causing floods in the upper parts of the
rivers NeiRe, Spe and Elbe with catastrophic damages.

Samstag, 07.08.2010

07 08.21110

Figure57 Synopsis for CentraIurope for 07th August 201(FU Berllnhttp /Iwkserv.met.fu -berlin.de)

Precipitation in mm (sys. gauge error corrected)
for B—9 Auqust 2010

g0M

[

BE E 10E 126 14E 16E 18E 20E il 24E

Figure58two-day totals (ending at 9th August, 0 UTC}drpolated on a 1°x1° evaluation grid as derived from
SYNOP messages (Global Precipitation Climatology Centre, GPCC operated by DWD)

® Zur Rolle des Starkniederschlages am. AAugust 2010 im Dreilandereck Polen, Tschechientsbleland bei der
Entstehung der Hochwasser von Neil3e, Spree und Elbe, Bissolli at all, Rapp, Friedrich, Ziese, Weigl, Nitsche, Gabriele
Malitz, Andreas Becker (Floods in Eastern Central Europe in May 20 Eerlin 2010
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Figure59 Hourly precipitation sum [mm] for HO2 satellite data (crosses, time stamp 2@8307 11:58 UTC, station
Rome) and for RADOLARW (left, filled raster, 2018-07 12:50 UTC) and station data (right, dots, 260807
13:00 UTC)

Data used

HO2data for eastern part of Germany in the given period were available for 2:01 UTC (stdtensjt

2:02 UTC (station Lannion), 11:51 UTC (station Athens), 11:52 UTC (station Lannion) and 11:58 UTC
(station Rome). Only these data are analysed in this case study.

Comparison
A first look to the resultsHigure59) shows, hat rain rates detected by satellite product are in the

same area of Germany as those indicated by the ground data.

Statistical score

In the following two tableghe result of the categorical statistic of the validation with both RADOLAN
and rain gauge ata are listed. The Probability Of Detection (POD) of precipitati@25 mmHh" gain

for validation with RADOLAN 0.66, with rain gauge 0.54. The different results are due to the fact that
RADOLAN data produce more valid pairs of satellite/ground pdntalid pair is given if faa satellite
observationpoint (fixed date/time)at leastone ground observation pointcan be foundwithin an
surrounding area formed by search ellipsef ~2.5 km x ~2.5 knAlso the False Alarm Rate (FAR) is
different: for RALAN it was 0.49, for rain gauge 0.44 (worse than for whole August 2010). For both
kinds of ground data there were no valid pairs in the class RR >= 10",nsmithat for this class we
have no statement on validation.
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7" August 2010 HO2 vs. radar HO2 vs. rain gauge
[mm/h] RR>=0.25| RR>=1.0/| RR>=10| RR>=0.25| RR>=1.0| RR>=10
Samples 1133 405 1 288 104 0
POD 0.66 0.37 0.00 0.54 0.35 0.00
FAR 0.49 0.51 1.00 0.44 0.50 #DIV/0!
CsSli 0.41 0.27 0.00 0.38 0.26 0.00

Table24 Results ofthe categorical statistic of the validation for 7th August 2010

August 2010 HO2 vs. radar HO2 vs. rain gauge
[mm/h] RR>=0.25| RR>=1.0/ RR>=10| RR>=0.25| RR>=1.0/ RR>=10
Samples 15896 7672 97 3173 1019 4

POD 0.68 0.65 0.09 0.38 0.27 0.03
FAR 0.47 0.63 0.98 0.35 0.51 0.75
Csl 0.43 0.31 0.02 0.32 0.21 0.03

Table25 Results of the categorical statistic of the validation for whole August 2010

In comparison with categorical statistic of the whole August 2010 we can see, that inf¢hee’d

August we got worse results for POD in all classes for validation with radar data, for validation with
gauge data it is the converse. Better results generally were received by validation with radar data. For

7™ August the validation with both kil of ground data provide a POD in the second class (0.37 radar,

0.35 rain gauge) less than the FAR (0.51 radar, 0.5 rain gauge). The Critical Success Index (CSI) is more
stable and differs only by-3 percent between the different validation methods. A 680.41 (0.38)

means that 41% resp. 38 % of the predictiof83) of precipitation (>= 0.25 mnif of all
predicted/observed rain events are correct.
Next two figuresshow the contingency table of four classes. In opposite to resuli®bbn

validatian only for the first class over 50% of tH®2data are in the same class. In higher classes most
of HO2data belong to lower classes. That means we have a strong underestimation of all precipitation

amounts higher than 1 mmh
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[2]

0<=RR<0.25 0.25<=RR<1 1<=RR<10 RR>=10 0<=RR<0.25 0.25<=RR<1 1<=RR<10 RR>=10
RR Radar RR Radar
Figure60 Contingency table statistic of rain rate [mmh’l] for HO2 vs. radar dataleft: for 7th August 2010, Right:
for whole August 2010
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class 1: class 2: class 3: class 4: class 1: class 2: class 3: class 4:
0<=RR<0.25 0.25<=RR<1 1<=RR<10 RR>=10 0<=RR<0.25 0.25<=RR<1 1<=RR<10 RR>=10

RR Rain Gauge RR Rain Gauge

Figure61 Contingency table statist of rain Rate [mmh™] for HO2 \s. rain gauge dataleft: for 7th August 2010,
Right: for whole August 2010

Results of the continuous statistiegxt table show negative mean error (ME) for detection of
precipitation (RR >= 0.25 mi which means, that 4$AF product underestimateke fact of
precipitation generally. Standard deviation (SD) with 0.5 i this class is less than for validation
of HO1 The correlation coefficient (CC) with 0.61/0.49 is better than thaHfak(0.24/0.46).These
facts are due to less samples fad2HResults for whole August are not so clearly better: ®164/0.19
for HO2against-0.25/-0.59 forHO1, CC 0.35/0.38 fdd02against 0.32/0.38 foHO1

RR[MMAY] | 7" August 2010, August 2010| 7" August 2010 August 2010
rain rain
gauge | radar | gauge | radar | rain gauge| radar | rain gauge | radar
0.25<=RR<1 RR >=0.25

ME -0.29 | -0.18 | -0.21 | 0.41 -0.84 -1.55 -0.64 0.19

SD 0.50 0.81 0.76 | 1.32 1.44 2.31 1.53 1.90
MAE 0.47 | 050 | 054 | 0.75 1.06 1.74 0.97 1.12
MB 0.46 | 0.69 | 059 | 1.86 0.44 0.36 0.44 1.16
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CcC 0.01 0.02 0.09 | 0.22 0.61 0.49 0.35 0.38
RMSE 0.58 0.83 0.79 | 1.38 1.66 2.78 1.66 1.91
1<=RR <10 RR >=10
ME -1.26 | -2.07 | -1.28| -0.19 -11.22 -9.75 -11.69 -8.08
SD 1.41 192 | 1.58| 2.53 0.00 1.96 2.81 5.17
MAE 1.52 218 | 1.61| 1.75 11.22 9.75 11.69 8.88
MB 0.45 0.35 | 040 | 0.92 0.24 0.20 0.17 0.40
CcC 0.52 0.42 | 0.28| 0.22 - -0.04 0.58 0.14
RMSE 1.89 2.83 | 2.03| 2.53 11.22 9.94 12.02 9.59
Table26 Continuous statistic
Conclusions

The results for HO2 were worse than for HO1. For raiesrgreater than 1 mmihthe probability of
detection is equal/less than the false alarm rate. All the quantitative precipitation amounts were
underestimated.

5.3.2 Case study: Jun@®, 2010 (River Danube catchment)

Description
On the beginning of June 2010t weather was determined by a low pressure area over eastern part

of Central Europe. Wet hot air out from Mediterranean Sea was directed around theresgure
G2NISE a. SNHGUK2NI & O2y{iN} Ot2016A4aS 2dzi gfodd@Y y 21
cold area. By this air advection off 8f June fell long lasting rain in the catchments of the rivers Regen

and Danube and caused a Danube river flood. Precipitation amounts over 24 hours reached between
80 mm and 155 mm arid

Jahrgang 59, Nr. 108 Donnerstag, 03.06.2010

05|

0062010 g B[ 5 T’H 2l

Figure62 Synopsis for Central E (FU

Nefiry "

Berlin, http://wkserv.mdigitin.de)

® Gewasserkundlicher MonatsbehicJuni 2010, Bayrisches Landesamt fir Umwelt
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Figure63 12h totals of precipitation(ending (FU at 3rd June 2010, 7 UTC)

. H 6.0 BO 1

Figure64 Hourly precipitation sum [mm] for HO2 satellite data (crosses, time stamp 2@B03 01:50 UTC, station
Athens) and for RADOLARW (left, filled raster, 201@6-03 01:50 UTC) and station data (right, dots 2606®03
02:00 UTC)

Data used
HO2data for Bavan in the given period were available for 1:30 UTC (Rome), 1:49 UTC (Mos), 1:50 UTC

(Athens), 11:42 UTC (Rome), 13:18 UTC (Rome) and 13:22 UTC (Lannion). Only these data are analyset
for this case study.

Comparison
A first look to the results shows, thatin rates detected by satellite product are in the same area of

Germany as those indicated by the ground data.



































































































































































































































































