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1. Introduction to productH15A(PROBS6A)

2.1Sensing principle

ProductPROBS6A (Blended SEVIRI Convection area/ LEO MW Convective Precipitation) is based on the
SEVIRI instrument onboard Meteosat Second Generation satellites. The wB@&E Hrea is covered (see
Figurel, same as for PRBS3, PROBS4 and PROBS5). An objective analysis of the equivalent blackbody
temperatures (TBB) is implemented to detect the convective structures of cloudy areas, by means of
NEFODINA, an automatic tool rungi at CNMCA dedicated to nesasting applications. A map of
convective clouds is performed to combine precipitation fields from MW channels. The product is
generated accordingly SEVIRI acquisition time plus a delay of few minutes. The delay is in tloé 3ange

5 minutes with a potential maximum of 10, after end of reception of whole disk SEVIRI data at CNMCA.
Processing duration is principally dominated by convection identification algorithm. The more is HSAF area
affected by convection areas the momeprocessing time to analyze the whole scene. The SEVIRI channels
utilised for convective area identification are 6.2, 7.3 and & The calibration of TBB in terms of
precipitation rate by means of MW measurements, as reconstructed i@B& and PROBS2, implies the
existence of good correlation between behaviour of TBB and precipitation rate in case of convection
phenomena PROBS6A assigns precipitation to SEVIRI pixels after the convection filtering via an algorithm
that remap PROBSL and PROB&2 estimation, in reason of the dynamical behaviour of clouds, to a new
rain field. Being connected only with convective systems this rain fields is no more only a lookup of latest
SEVIRI acquisition but has inside the capacity to diagnose clouds, iatihgdenes vertically changing, and

to prolong rain precipitation in the dissipating phase of convection systems, contributing adequately to
accumulated precipitation (product RBBS5). For more information, please refer to the Products User
Manual (spedically, PUML5A).
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Figurel The HSAF required coverage in the Meteosat projection

2.2 Algorithm principle

The baseline algorithm foH15A processing is described in ATBRA. Only essential elements are
highlighted here.

ThePROBS6A product is based on MWiderived precipitation measurements RBBS1 and PROBS2 and
NEFODINA products on HSAF area (1900x900).
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The fields of precipitation are retrieved directly from HSAF components, instead the convective areas are
identified with an automatic tool running at CNMCA dedicated to rzagting applications. It allows the
automatic detection and classification of convective cloud systems and the monitoring of their lifecycles.

The algorithm classifies and groups neighbouring SE¥I# 6f view that show convective characteristics.
Based on the hypothesis that deep convective clusters are associated with local rapid horizontal variation
of cloud volume and WV content, it is possible to classify a collection of pixels as convgdto&ibg for
temporal variations in cloud top temperatures seen in IR at 10.8 Bm, and for changes in WV content seen in

the 6.2 BIm and at 7.3 @m channels. The IR channel provides cloud top temperature and morphology, while

WV channels provide informatioon the spatial distribution of the WV content in the neighbouring cloud

free area and above the cloud.

NEFODINA produces images that identify detected cells, their development, and their movement (Fig. 5).
These output images are associated to ASCIIiilesh contain quantitative information of the IR1, WV1

and WV2 channels BTs along with CO shape, slope index (spatial BT gradient), CO area and CO mean anc

minimum BTs.

Figure2 Example of NEFODINA image detected objectsd and pink colairs show convective regions: red for
growing objects and pink for those disappearing

PROBS6A SW package inclugauxiliary files as seasonal and latitude configuration file, orography map,
land/sea mask.

The SW inputs, are:

w PROBSL.

w PROB&2.

w NEFODINA CO data.
() Auxiliary files.

The SW outputs are:
() Maps of precipitation rain rate.

W Precipitation rain rate maps encoded in GRIB2 format.



Product ValidatioReport- PVR15A Doc.Nor: S.A .F/HSAWRlSA
Issue/Revision Index:1.

(ProductH15Ac PROBS6A) Date: D/04/2015
Pagel10/119

The main functions (described in Fig. 8) are:
W PROBSL and PROBS2 data (in BUFR format) deding and extraction.

w NEFODINA run over$AF area and data extraction.
() Association between NEFODINA CO and MW retrieved precipitation rain rate.
() Precipitation rain rate maps, both in graphical and numerical (GRIB2) format.
PROBS-1/02 NEFODINA run
decoding over HSAF area
NEFODINA CO
extraction
10.8um SEVIRI

NEFODINA filtered

PR-OBS-1/02 and ]
NEFODINA coincidences

Rain assignment to
all NEFODINA CO

Convetive precipitation
maps on SEVIRI grid.

Figure3 SW package main functions

2.3 Main operational characteristics

Main operational characteristics are connected with the identification of convection and the association of
MW retrieved rain rate present in the same area with only active SEW4&S,pthis by recomposing rain
intensity that the system as in input from FHBSL and PROBS2A towards the only part of clouds that
NEFODINA individuate in the growing, mature and dissipating convective cell. WRIBSR performs a

rain lookup of SEVIRI image, without any connection to preceding SEVIRI image that permit to classify cloud
status and behaviour, witlPROBS6A there the possibility to observe principally heavy shower of rain
connected with vertical developnme of thunderstorm clouds.

The operational characteristics BROBS6Aare discussed in PUIBA. Here are the main highlights.

The horizontal resolution (Bx). The IFOV of SEVIRI images is 4.8 km at nadir, and degrades moving away
from nadir, becoming abdB km in the HSAF area. A figure representative of PIROBS6Aresolution is:
~ 8 km. Sampling is made at ~ 5 km intervals, consistent with the SEVIRI pixel over Europe. Conclusion:

W resolution @x ~ 8 km - sampling distance: ~ 5 km.

The observingycle (2t) is defined as the average time interval between two measurements over the same
area. In the case (1ROBS65Athe product is generated soon after each SEVIRI new acquisition, Thus:

W observing cycle Bt = 15 min - sampling time: 15 min.
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The imeliness (&). For PROBS6A, the time of observations is-8 min before each quarter of an hour,
ending at the full hour. To this, ~ 5 min have to be added for acquisition through EUMETCast and ~ 5 min
for processing at CNMCA, thus:

W timeliness & ~ 15 min.

The accuracy is defined into phases: in the first phase, for this document, the accuracy values which have
been agreed into the PRD and PRT for the product HO3 are adopted:

<VERIFICARE REQUIREMENTS>
The architecture of th€ ROBS6Aproducts generatin chain is shown in the Fig. 4.

H-SAF NEFODINA
PROBS1
SEVIRI DATA
PROBS-2
AUX. DATA

Convective
Precipitation data

Figure4 PROBS6A production chain architecture

The logical model above represents a schematic description d?PR@BS6A products chain architecture.
This also represents the product contediagram by identification of inputs, outputs and application
processes. It includes:

W PROBS1, PROBS2, HSAF dedicated NEFODINA data, SEVIRI raw image at 10.8 BIm and auxiliary

data as inputs;

w G/ 2y @SOGABS LINBOALRGLI G At@ decodePBOBR aldBRDRIR, Safidvg 3 LINE
suitable NEFODINA information, calculate the convective precipitation associated to NEFODINA Convective
Objects,

0 G/ 2yBSOGALS t NBOALRGEGA2Y REGFE +Fa LINPOSAAAYS

Inthe architecture oPROBS6A production chain are also included (not shown in the Fig. 3) data archiving
and dissemination functions and log of events module in order to verify the SW performance.
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2. Validation strategy, methods and tools

3.1Validation team and work plan

Whereas the previous operational characteristics have been evaluated on the base of system
considerations (number of satellites, their orbits, access to the satellite) and instrument features (IFOV,

swath, MTF and others), the evaluation adcuracy requiregalidation i.e. comparison with the ground

0NHzGK 2NJ gAGK

validation entrusted to a number of institutes (see next figure).

Precipitation Products
Validation Group: Italy (DPC)

a2 YS i KoBEHas lary ateySAR prbdact, bas beHrSsabehitted tow

Belgium
IRM

Bulgaria
NIMH -BAS

Hungary
OoMSzZ

|

Italy

Uni Fe

Slovakia
SHMU

Poland
IMWM

Turkey
ITU TSMS

Figure5 Structure of the Precipitation products validation team

Next table lists people involved in the validation 6EHF precipitation products:

Validation team for precipitation products
Silvia Puca (Leader)| Dipartimento Protezione Civile (DPC) Italy silvia.puca@protezionecivile.it
emanuela.campione@protezionecivil
Emanuela Campiong Dipartimento Protezione Civile (DPC) Italy it
Gianfranco Vulpiani| Dipartimento Protezione Civile (DPC) Italy gianfranco.vulpiani@protezionecivile
Alexander Toniazzo| Dipartimento Protezione Civile (DPC) Italy alexander.toniazzo@protezionecivile
EUMETSAT and Dipartimento Protezi
Angelo Rinollo Civile (DPC) Italy angelo.rinollo@protezionecivile.it
Emmanuel Roulin | Institut Royal Météorologique (IRM) Belgium | Emmanuel.Roulin@oma.be
Pierre Baguis Institut Royal Météorologique (IRM) Belgium | Pierre.Baguis@oma.be
National Institute of Meteorology an
Hydrology Bulgarian Academy of Scien
Gergana Kozinaroveg (NIMHBAS) Bulgaria | gkozinarova@gmail.com
National Institute of Meteorology an
Georgy Hydrology Bulgarian Academy of Scien
Koshinchanov (NIMH-BAS) Bulgaria | georgy.koshinchanov@meteo.bg
Eszter Labé Hungarian Meteorological Service (OMSZ| Hungary | labo.e@met.hu
Judit Kerenyi Hungarian Meteorological Service (OMSZ| Hungary | kerenyi@met.hu
Ferrara University, Department of Phys
Federico Porcu’ (UniFe) Italy porcu@fe.infn.it
Ferrara University, Department of Phys
Lisa Milani (UniFe) Italy milani@fe.infn.it
Institute of Meteorology and Water
Bozena Lapeta Management (IMWM) Poland |Bozena.Lapeta@imgw.pl
Institute of Meteorology and Wate
Rafal Iwanski Management (IMWM) Poland | Rafal.lwanski@imgw.pl
Slovensky  Hydrometeorologicky ~ Ust
WHY YI zt {|(SHMU) Slovakia | jan.kanak@shmu.sk
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) SIoveqsky Hydrometeorologicky ~ Ust
] dzo2afl @ |(SHMU) Slovakia | luboslav.okon@shmu.sk
SIoveqsky Hydrometeorologicky ~ Ust
Ladislav Méri (SHMU) Slovakia | ladislav.meri@shmu.sk
Slovensky  Hydrometeorologicky Ust
Marian Jurasek (SHMU) Slovakia | marian.jurasek@shmu.sk
Ahmet Oztopal Istanbul Technical University (ITU) Turkey |oztopal@itu.edu.tr
Ibrahim Sonmez Turkish State Meteorological Service (TSN Turkey |isonmez@dmi.qgov.tr
Aydin Gurol Erturk | Turkish State Meteorological Service (TSN Turkey | agerturk@dmi.govr

Tablel List of the peoplenvolved in the validation of HSAF precipitation products

The Precipitation products validation programme started with a first workshop in Rorv&] 2Qne 2006,

soon after the HSAF RequirementReview (267 April 2006). After the first Validation Workshop in 30
September 2006, other ones followed, at least one per year to exchange experiences, problem solutions
and to discuss possible improvement of the validation methodologies. Often thepRation Product
Validation workshop are joined with the Hydrological validation group. The precipitatrodupts
validation programmaevas finalised during thétSAF Products and Hydro Validatorkshogs hostedin
2011bythe Italian Civil Protectiorand, in 2013, by thélungarian Meteorological Service (OMSZ)

The results of the Product Validatiactivitiesare reportedin this Prodwet Validation Report (PVR) aace
published in thevalidation section of theH-SAF web page. A new structure and vigation of the
validation section of FEAF web page is in progress to take into account the user needsalitisgion web
section will be continuously updated with the last validation results and studies coming from the
Precipitation Product ValidatioBroup (PPVG).

3.2Validation objectives and issues

The products validation activity has to serve multiple purposes:

e to provide input to the product developers for improving calibration for better quaditybaseline
products, and for guidande the development of more advancguoducts;

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 errorto accompanythe product distribution in an ope
environment, after the initiaphase of distribution limitedtothe s®@F t £ SR a0 Sl dz&a SNEE¢ &

Validationis obviously a hard work in case of precipitation, either because the sensing principle from space
is very indirect, or because of the natispacetime variability of the precipitation field (sharing certain
aspects with fractal fields), that determines severe sampling problems.

LG Aa 1y2ey GKFG Fy | 04&2hdé SSARE@jeLRtkeyaidaiohidinase@onR 2 S a
comparisons of satellite products with grouneferencedata: radar, rain gauge and radintegrated with

rain gauge. During the Development phase some main problems have been pointed out. First of all the
importance to characterize the errassociated to the ground data used by PPVG. Secondly to develop
software for all steps of the Validation Procedure, a software available to all the members of theTRRVG
Working Groups (WG) (radar, rain gauge) have been composed in PPVG in ordez thes® problems.

The first results obtained by the working groups are reported in anAgxalcomplete documentation shall

be available in the 1$AF web page Precipitation Validation Section. In addition to the radar and rain gauge
WG other WGs have beecomposed tantegrate various sets of precipitation data souraggsaingauge
network, radar network, NWP models outputs and climatological standanit® additional precipitation
products, which can describe thareal instantaneous and cumulated preatapion fields(INCAWG andto
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investigate the opportunity to create geographical maps of error distribution for providing information on
test catchments to the Hydrological Validation Gr¢d@EO MARWG)

3.3Validation methodology

From the beginningf the project it was clear the importanad defininga common validation procedure

to make the results obtained by several institutes comparable and to better understand their meanings.
The main steps of this methodology have been identified in collalworavith the product developersand

with the support of ground data experts. The common validation methodology is bastu @momparison

with ground data (radar and rain gaugdservations)to produce large statistic (multi-categorical and
continuous),and case_study analysisThe two approacheglarge statistic and case study analysisg
considered complementary in assessing the accuracy of the implemented algorithms. Large statistics helps
in identifying existence of pathological behaviour; selecatasge studies are useful in identifying the roots of
such behaviour, when present.

The main steps of the validation procedure dhe following

e ground data error analysis: radar and rain gauge;

e point measurements (rain gaugspatialinterpolation;

e up-scalingof radardataversus SSMI grid;

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

e case study analysis.

3.4 Ground data and tools used foralidation

Rain gauge and radar data have been both used until for the validation. The knowledge of the ground data
characteristics used by the PPVG, i.e., the instrumental error and retrieval algorithms, is necessary to
understand the validation resultsnd define the procedure to select the most reliable data lie
considerecasd 3 NP dzy R  NWRaPIBES rgportah theesults obtained by the Working Group on rain
gauge, radar and ground data integration are reported in @@pter 4 witha complete mventory of the

ground data usedby the PPVG.
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Figure6 The networkcomposed by more thad000 rain gauges used for-BAF precipitation products validation

The rain gauge networks managed by the PPVGcameposedby more than 400 stations across 6
Countries Figure6). The averagedistance betweemearbyraingaugs,a measure of the raingauge density
is a key characteristiof these networksThenumberof raingaugeand densityper countryare summarized

in Table2.

Belgium 9Q1** 11.2
Germany 1300 17
Hungary 267 N.A.
Italy 2600 9.5
Poland 330475 13.3
Turkey 356 27

Table2 Number and density of raingauges within-BAF validatiorarea

* the number of raingauges could vary from day to day due to operational efficiency within a maximum
range of 1615%.
** only in the Wallonia Region

Most of the gauges used in the National networks by the PPVG Partners are of the tipping bucket type,
providing hourly cumulated rainfall observatiofseeTable3).

The rain gauge inventorgde annex 1pn the instruments, the operational network antlet approach to

match gauge data with the satellite estimates in the PPVG, has pointed out that the rain gauge networks
available in the PPVG are surely appropriated for the validation of cumulated products (1 hour and higher),
but probably not for instantaeous estimates. The comparison of satellite rain rate with hourly cumulated
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ground measurements surely introduces intrinsic errors in the matching scores, that can be estimated as
very large. The validation of instantaneous estimates should be carriezhlgnwhen gauges cumulation
interval is 10 to 15 minutes (as 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 rain rates. Studies are
undertalen in order to quantitatively estimate the errors introduced in the validation procedure comparing
the instantaneous satellite precipitation estimation with the rain gauge precipitation cumulated on
different intervals.

Moreover the revisiting time (3,4 hws) ofthe productmakes impossible or not reasonable to validate the
product for 24 hours cumulated interval.

The WG has also pointed out that different approaches for the estimates matching are considered in the
PPVG. One of the next step of the W ke to define in collaboration with th&eoMapWG(Annex 7) the

spatial interpolation technigue and to develop the related software to be used in side the PPVG.

Country Minimum detectable | Maximumdetectable Heatingsystem | cumulation
rainrate (mm H) rainrate (mm ) (YIN) interval (min)

Belgium | 0.1 N/A N 60

Germany | 0.05 3000 Y 60

Hungary | 0.1 360 Y 15

Italy 0.2 300 Y 5

Poland 0.1 300 Y 10

Turkey 0.2 288 Y 1

Table3 Summary of the raingauge characteristics

An inventory orradardata (see annex2)networks and products used PPVG (Chapter 4jas pointed out

that all the institutes involved in the PPVG declared the system areitkkeptelatively good statusnd all of

them apply some correction factors their processing chain of radalata. In Figure7 there is themap
showing part of thes6 Gband radarsavailablefor validation by thePPVGOnly theradar data pasagthe
guality controlconceived bythe owner Institute are used by the PPVG for validation activitiesvever,

the applied data correction methodology is not unique, depending on the system characteristics, the
environmental scenario, th@perational strategy.Thisimplies that the uncertainty retrieval cannot be
homogenized within the ¥5AF domairHowever, each couny can provide useful information of the error
structure of its rainfall products based on its own resourcHseRadar-WG (Annex 3) is now working to
define an approach which ingest the data quality informatimn constraint the validation onto the

4 NBt A | 6 fQ8atity infrnkatoh &hoduld take into account the radsite/geographical areas/event
type/radar productsThe study performed by the Slovakian team (Annex 4) and the scheme publishied by
Szturcet al 2008, onthe quality index evaluation was considered by tRadarWwG Additionally, a
sensitivity study on the impact of the radar data quality on the validation activity was carried out by Rinollo
et al. (2013).Future developments wilbe aimed at consideringhe radar data quality as upcaling
criterion (pixels weightand to make a conditional veation, i.e. for different data quality thresholds

The studies that have been carried out in the PPVG on comparison of radar data with rain gauge data have
shown that RMSE error associated with radar fields depends coabigiesnradar minimum visible height
above the rain gaugm mountainous terrains like Slovakia, but less importantly in flat terrains like Hungary.
In Slovakia, the RMSE% error (see Section 3.7) of radar accumulated fields is betx9@@f, vihereas in
Hungary, it is slightly lower, between @D%. Dataset for Mageptember 2010 have been used to derive
these parameters.
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Figure7 The network of Gband radars available in the 3AF PPV Gituation updated on 2010).
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In PPVG itsi under investigation the possibility to use ground data integrated softviargroduce
precipitation feld. Theresults obtained byNCAWGarereported in the chapter 4.
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3.5Common procedure for the validation di15A

Following the common val&ion methodology validation codes have been developed for validation using
radar and rain gauge data as ground reference.

Common procedure for the validation di15Awith RADAR data
Selection of satellite pixels falling into the region of interest:
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In order to avoid timeconsuming useless calculation, every country restricts the validation to a specific
Area of Interest (normally the area covered by the RADAR data of the country), which is detected implicitly
by the common validation algorithm.

Takinginto account quality index information
The code is predisposed to read a quality index for each radar pixel. In the present phase of the project, this
guality information is not used for validation purposes, but it will be in CDOP2.

Selection of the RAIRAdata synchronous with the satellite ones:

The RADAR instantaneous image which is the closest in time, either preceding or ensuing the satellite time,
is chosen. The image is chosen among the ones referring to the same month of the satellite (soite satell
file can be validated with RADAR file of the following or preceding month, even if closer in time), because
validation is provided on monthly basis. If there is no RADAR file within 20 minutes from a satellite file, this
is not validated.

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

A grid in which every cell is centred around an IFOV is constructed, so that all the radar pixels are assigned
to a certain cell, and the satellite measurement is validated with the average o&tlze pixels falling into

the corresponding cell.

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

Calculation of corresponding satellite and RADAR rain rate values

For each singlsatellite file, a separate upcaling procedure reads the look up table and assigns to each
satellite pixel the RADAR rain rate average calculated from the values of the radar pixels belonging to the
satellite pixel in the lockip table.

Averaging is simplarithmetical; as investigations so far have shown that the averaging method does not
have an impact on the statistical scores.

The flag indicating if the satellite pixel is coast, land or sea is matched to each seddlitedata pair
calculated in tts step.

Common procedure for the validation di15Awith RAIN GAUGE data

Selection of satellite pixels falling into the region of interest:

In order to avoid timeconsuming useless calculation, every country restricts the validation to a specific
Area oflInterest (normally the area covered by the rain gauge data of the country), which is detected
implicitly by the common validation algorithm.

Taking into account quality index information
The validation code is predisposed to read a quality index for esntgauge. In the present phase of the
project, this quality information is not used for validation purposes, but it will ieemear future

Selection of rain gauge data synchronous with the satellite ones
Gauges with different cumulation intervaége considered, and if the interval is longer than the time
resolution of the product (15 minutes), more satellite images are averaged.

interpolation of the rain gauge data:

The partners of the Validation Group have been using a variety of differenegiestto treat gauge data.
Some are using interpolation algorithms to get spatially continuous rainfall maps, while others process
directly the measurements of individual gauges
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Country Type of interpolation
Belgium Barnes over 5x5 km grid
Germany Inverse square distance
Italy Barnes over 5x5 km grid
Poland No
Turkey No

Tabled Data preprocessing strategies
The kriging technique is the interpolation method chosen for the common validation.

matching between satellitand rain gauge data:
The satellite data is matched with the rain gauge interpolated grid using the nezegibour method.

Techniques to make observation comparable

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

Large statistic: @Gntinuous and multicategorical

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

The large statistie analysis in PPV({ based on the evaluation of monthly and seaso@ahtinuous
verificationand Multi-Categoricaktatistical scores on one year of data for three precipitation classes.

It was decided to evaluate both continuous and maéitegorical statistic to give a eplete view of the
error structure associated tél15A Since the accuracy of precipitation measurements depends on the type
of precipitation or, to simplify matters, the intensity, the verification is carried outvamclasses indicated

by hydrologists diing the development phase (s&grore. L'origine riferimento non e stata trovatg.

1 2

Precipitation 1-10 mm/h > 10 mm/h

Classes (medium (intense precipitation)
precipitation) .

Table5 Classes for evaluating Precipitation Rate products

The @in rate lower than 1 mnii is considered no precipitation.
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The main steps to evaluate the statistical scores are:

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

all the institutes compar¢di15Awith the radar precipitation intensity and the rain gauge cumulated
precipitation;

all the institutes evaluate the monthly and seasonal continuous scores (below reported) and
O2yiAy3aSyode Gl ofSa FT2NJ GKS LINBOALRAGIGAZzY Ofl a4aS:
Fff GKS AyadAddziSa S@Ffdz S t5Cdpdg RdzOAy 3 Yy dzY SNJ
the precipitation product validation leader collects all the validation files (MC, CS and DIST files),

verifies the consistency of the results and evaluates the monthly and seasonal common statistical
results;

GERMAN POLAND
-IMWM

A \ \ A A \ A

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

Figure8 Main steps of the validation procedure in the PPVG

Statistical scores

The statistical scores evaluated in PEdGontinuous statisticare:

Mean Error (ME)

N z
ME = %Z(Satk —true, ) Rangerk U 2 Pege@tscore:0
k=1

Mean Absolute Error (MAE)
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13 p
MAE =NZ| sat, —true, | Rangen U ZPerfeabscored
k=1
- Standard Deviation (SD)
N e
SD = \/%Z €at, —true, —-ME > Rangen U ZPeriesbscored
k=1
- Multiplicative Bias(MBias)
N
S Ysat ,
MB = 1NNl— Range:k U 2Peredt scorel
=% tru
N 2T

- Correlation Coefficient (CC)

i €Cat, —Q}uek —ﬁ:

N N _ N
cC - with sat = EZsatk and  frue=— > true, ;
N N i

\/Z €at, —sat )Z Gue, —truej

k=1

Range:1 to 1. Perfect scorel

- Root Mean Square Error (RMSE)

N Ve
RMSE = \/%Z €at, —true, > Rangen (i ZPerfesbscored

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

N
Y $at —lrue, Gat, —true, * *100 Rangen (i ZPerfesbscored

PR - RMSE % = \/l
N k=1 true k

The statistical scores evaluated in PPVG rfaiti categorical statisticare derived by the following
contingency table:

ground
yes no total
yes | hits false alarms forecast yes
satellite| no [ misses correct negatives forecast no
total | observed yes observed no total

Table6 Contingency Table for statistical scores in PPVG
where:
- hit: event observed from the satellite, and also observed from the ground
- miss event not observed from the satellite, but observed from the ground
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- false alarmevent observedrom the satellite, but not observed from the ground
- correct negativeevent not observed from the satellite, and also not observed from the ground.

The scores evaluated from the contingency table are:

- Probability Of Detection (POD)

hits hits

POD =— : =
hits + misses observed yes

- False Alarm Rate (FAR)

_ falsealarms  falsealarms
hits + falsealarms forecastyes

- Critical Success Index (CSI)
hits

CSl =— y
hits + misses +falsealarm

- Equitable Threat Score (ETS)

ETS = . hits —hits,,4om . with hits
hits + misses +falsealarm — hits

random

ETS ranges frori/3 to 1. O mndicates no skill.Perfect scorei.

- FrequencyBlas(FBI)

_ hits +falsealarms _ forecastyes

FBI : : =
hits + misses observed yes

- Probability Of False Detection (POFD)

falsealarms _ falsealarms

POFD = : =
correctnegatives +falsealarms observed no

- Fraction correct Accuracy (ACC)

hits + correct negatives
total

ACC =

- Heidkeskill score (HSS)

_ (hits +correctnegatives) —(expected correct),, .om

HSS = with

N —(expected correct),

andom

random —

Range0 to 1. Perfect scorel

Range0 to 1. Perfect scored

Range0 to 1. Perfect scorel

observed yes *forecast yes
total

Rangen U ZPerfesbscorel

Range0 to 1. Perfect scored

Range0 to 1. Perfect scorel

(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).
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false alarm +correct negative ~ observed no
hits + misses observed yes

DWR = Rangen (i Perfectiscoren/a.

Case study analysis

Each Institute, in addition to the large statistic verification produces a case study analysisobatbed
knowledge and experience of the Institute itsefach 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 anchowcastingproducts.

The main sections of the standard format are:

o description of the meteorological event;

e comparison of ground data and satellite products;

e visualization of ancillary data;

o discussion of the satellite product performances;

¢ indications toDevelopers;

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

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

4.1 Introduction

In the following sectionghie precipitation ground data networks used in the PPVG are described: radar and
rain gauge data the following countries: Belgium, Germany, Hungary, Italy, Poland, Slovakia, and Turkey.
HO4.1t is well know that radar and rain gauge rainfall estimaticimfisienced by several error sources that
should be carefully handled and characterized before using these data as reference for ground validation of
any satellitebased precipitation products.

In this chapter a description dhe ground data available ithe PPVG iseported country by country
chapter has the object to provide ground data information and to highlight their error sources

4.2 Ground data in Belgium (IRM)
Radar Data

The network

Belgium is well covered with three radars ($8gure9). Further radar is currently under construction in the
coastal region.

THE NETHERLANDS

S

T

5

Figure9 Meteorological radar in Belgium

The instruments

These are Doppler,-kand, single polarization radars with beam width of 1° and a radial resolution of 250
m. Data are available at 0.6, 0.66 and 1 km horizontal resolution foM{fideumont, Zaventem and
Avesnoigadars respectively.

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

Data processing

First, a longerm verification is performed as the mean ratio betweemmbnth radar and gauge
accumulation for all gauge stations at less than 180fkom the radar. The second method consists in
fitting a second order polynomial to the mean 24 h (8 to 8 h local time) radar / gauge ratio in dB and the
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range; only the stations within 120 km and where both radar and gauge values exceed 1 mm arettaken in
account. The third method is the same as the second but is performdth®@rnusing the 90 telemetric
stations of the SETHY (Ministry of the Walloon Region). Corrected 24 h images are then calculated. New
methods for the merging of radar and raingaugdadhave been recently evaluate¢udenhoofdt and
Delobbe2009Y.In this report, only instantaneous radar images are used.

4.3Ground data in Germany (BfG)

The HSAF products are validated for the territory of Germany by use of two observational grotand da
sets: SYNOP precipitation data based on the network of synoptical stations, provided by the German
Weather Service (DWD) and RADOIEAN- calibrated precipitation data based on the radar network of
DWD and calibrated by DWD by use of measurementsegfigitation stations.

Data Number/Resolution| Time Delay Annotation
interval
Synoptical ~ 200 6h/12h Nearreal
stations time
Precipitation ~ 1100 hourly Nearreal Automatic precipitation stations
stations time
RADOLAN RW | 16 German rada| 1 hour, Nearreal Quantitative radar composit
sites, time product RADOLAN RW (Ra
~1km x ~1 km data after adjustment with thd
weighted mean of two standar
procedures)

Table7 Precipitation data used at BfG for validation of-SBAFproducts

Rain gauge
The network

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

The instruments

Themeasurement instruments are precipitation sensors OTT PLUVIO of Company Thtty continually
and precisely measure quantity and intensity of precipitatiorany weather, based on balance principle
with temperature compensation (heated funnel) and by @&lectronic weighing cell. The absolute
measuring error is less than 0.04 mm for a 10 mm precipitation amount and thetdomg(12months)
stability is better than 0.06 mm. The operating temperature ranges f¢@®°C to +45°C. The minimum
detected quantiy (sensitivity) is 0,05 mnih The maximum possible measured rain rate is 3000 thriihe
operational accumulation interval theoretically is one minute.

The data processing

'D2dzRSYK22FRG 9@ YR [ ® 5 Sgatgemérging mathodsYor quantiatife griedipkagioyi 2 F
estimateg ¢ | @RNRf ®I39058M.K {2add { OAd:

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

3 Precipitation amount and intensity measurements with the Ott Pluvio, Wi/auben, Instrumental Department,
INSAIO, KNMI, August 26, 2004
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Continuous, automatic measurement of liquid and solid precipitation data arectedl, accumulated
(intervals: from 1hour until 1day) and provided as SYNOP tables by DWD. These data are error corrected
and quality controlled in four steps with checks of completeness, climatologic temporal/spatial consistency
and marginal checks

f" T .
R
3 L

Radar data

Radarbased reatime analyses of hourly predtption amounts for Germany (RADOLA&NR quantitative
radar composite product provided in neegal time by DWD Spatial and temporal highesolution,
guantitative precipitation data arederived from online adjusted radar measurements in reahe
produdion for Germany Radar data are calibrated with hourly precipitation data from automatifase
precipitation stations’

The combination of hourlpoint measurementsat the precipitation stations with théive-minute-interval
radar signal®f the 16 weather radarGBand Dopplerprovides gaugedjusted hourly precipitatiosums
for a~1km x ~1km rastdor Germanyin a polar stereographic projection

Radar site | Latitude Longitude | WMO Radar site Latitude Longitude | WMO
(N) (E) No. (N) (E) No.

Minchen |nyc HJjmMc o0 (10871 | Rostock pnc MJMHC 110169
Frankfurt |pnc nanNnyc o (10630 | Ummendorf pHc n¢mmc ™mJ 10356
Hamburg |poc o1ndc p (10147 | Feldberg nTc pHnanyc nj 10908
Berlin PHC HYMOC H(10384 | Eisberg npc oHMHC HI1 10780
Tempelhof

Essen pmc HiNncc py1l0410 | Flechtdorf pmc wMYynyc ny 10440
Hannover (pHcCc H1ndc n 10338 | Neuheilenbachnpnc nqncc oy 10605
Emden poc HJNnTC nn10204 | Turkheim nyc ogfgndgc n110832
Neuhaus pnc oJjmmc nYy 10557 | Dresden pmc ni1moc n(10488

Table8 Location of the 16 meteorological radar sites of the DWD

4

http://www.dwd.de/bvbw/appmanager/bvbw/dwdwwwDesktop? nfpb=true& windowLabel=dwdwww_main book&T14602R11 4492118088
1lgsbDocumentPath=Navigation%2FWasserwirtschaft%2FUnsere _Leistungen%2FRadarniederschlagsprodukte%2FRADOLAN%2Fradolan__node.ht
mlI%3F __nnn%3Dtrue&switchLang=en& pagelabel=_dwdwww_spezielle nutzer forschung fkradar



http://www.dwd.de/bvbw/appmanager/bvbw/dwdwwwDesktop?_nfpb=true&_windowLabel=dwdwww_main_book&T14609949251144921180881gsbDocumentPath=Navigation%2FWasserwirtschaft%2FUnsere__Leistungen%2FRadarniederschlagsprodukte%2FRADOLAN%2Fradolan__node.html%3F__nnn%3Dtrue&switchLang=en&_pageLabel=_dwdwww_spezielle_nutzer_forschung_fkradar
http://www.dwd.de/bvbw/appmanager/bvbw/dwdwwwDesktop?_nfpb=true&_windowLabel=dwdwww_main_book&T14609949251144921180881gsbDocumentPath=Navigation%2FWasserwirtschaft%2FUnsere__Leistungen%2FRadarniederschlagsprodukte%2FRADOLAN%2Fradolan__node.html%3F__nnn%3Dtrue&switchLang=en&_pageLabel=_dwdwww_spezielle_nutzer_forschung_fkradar
http://www.dwd.de/bvbw/appmanager/bvbw/dwdwwwDesktop?_nfpb=true&_windowLabel=dwdwww_main_book&T14609949251144921180881gsbDocumentPath=Navigation%2FWasserwirtschaft%2FUnsere__Leistungen%2FRadarniederschlagsprodukte%2FRADOLAN%2Fradolan__node.html%3F__nnn%3Dtrue&switchLang=en&_pageLabel=_dwdwww_spezielle_nutzer_forschung_fkradar
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Figurel2 (left): radar compound in Germany (March 2011figurel3(right): location of ombrometers for online
calibration in RADOLANsquares: hourly data provision (about 500), circles: ewdratsed hourly data provision
(about 800 stations).

The flowchart of online calibration method applied in RADOLAN is depickdurel4

. Preprocessing I (5 min intervalls): ‘5"’ . P a
Input: Radardata (16 __ _ shading correction = a N
sites, 5 min intervalls) - refined Z/R relation B

- composite production

| Umenendor!

Preprocessing II (2 x in 60 min)
*_ - summation to hourly composits

- statistical clutter suppression

- interpolation

2.

Preprocessing III of Radar data with
Input: RR-data station data (every 60 min):
(selected every 60 ==) - smoothing
min) via RADOLAN - precalibration

Calibration of Radar data with "
station data (every 60 min): .
- calculation of calibration params h'“ml
and interpolation

- calibrations

- intersection of different calibration
procedures for , best result®

Figurel4 Flowchart of online calibration RADOLAN (DWD, 2004)

4.4 Ground data in Hungary (OMSZ)
Radar data

The network

® Bartels, H.: Projekt RADOLARbutineverfahren zur Onlingneichung der Radarniederschlagsdaten mit Hilfe von
automatischen Bodenniederschlagsstationen (Ombromet&schlussbericht 2004
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The main data used for validation in Hungary would be the data of meteorological radars. There
are three Gband dual ptarized Doppler weather radars operated routinely by the OMSZ
Hungarian Meteorological Service. The location and coverage of the three Hungarian radars are

shown inFigurel5; the measurement characteristics are listedrable9.

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

every 3 months.

Pog8nyvsr

m rv~g s Budapest
0 PR S S T Ve

Figurel5The location and coverage of thilaree meteorological Doppler radars in Hungary

Year of installation Location Radar type Parameters measured
1999 Budapest Dualpolarimetric Z, DR
Doppler radar
2003 Napkor Dualpolarimetric Z,DRKDE DP
Doppler radar
2004 Poganyvar Dualpolarimetric Z,DRKDE DP

Doppler radar

The instruments

The Hungarian radar network is composed by three Doppler radars, which are measuring4n the C
band, mainly at samé&equencies. 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

Table9 Main characteristics of the Hungarian radar network

the instruments and the measurement campaigns are listethirie10

Budapest

Napkor

Poganyvar

Frequency band

GBand, 5625MHz

GBand, 5610MHz

GBand, 5610MHz

Polarization
(Single/Double)

single

single

single

Doppler
(Yes/No)

capability

Yes

Yes

Yes
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Scan strategy] scan freq: 15 min scan freq: 15 min scan freq: 15 min
ﬁler\?rt]'olns' maxrln;]um Elevaions(deg): 0 0, Elevaions(deg): 0 0 Elevaions(deg): 00
omina ange 11182738516/1.1182738516/11 18 27 3.8 5

distance, range g ¢ 85 ' ' : : '
resolution ' : 6.6 8.5

Range 240 Km Range240 Km Range 240 Km

Resolution:500m Resolution:250m

Resolution:250m

Table10 Characteristics of the three radar instruments in Hungary

The data processing

Radar measurements are influenced by many error sources that should be minimized as much as
possible. As such, in case of the Hungarian radar data many correction methods are applied, or
planned to be applied int he near future to filter out false radeftectivity measurements. Clutter
removal, and WLAN filter 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 drag but false targets.

According to experiences, beam blockage can result in serious underestimation of precipitation
amounts (e.g. behind the Bérzsény mountains at the north of Budapest). So the bleam blockage
correction is planned to be implemented dugiryear 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 fronadar reflectivity with the help of an empirical formula, the
MarshaltPalmer equation (R=a*Z"b, whera=200, b=1.% From the three radar images a
composite image over the territory of Hungary is derived every 15 minutes applying the maximum
reflectivity n one column method, in order to make adjustments in overlapping 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 corrections to instantaneous 15 minutes radar data. In our institute, we only use
a correction for the total precipitation for 12 and 24 hour @efs.

For the 3h and 6h accumulated products, we use a special method to accumulate rainfalls: we
interpolate the 15minutes measurements for-thinute grid by the help of displacement vectors
also measured by the radar, and then sum up the images whiafjotvafter the interpolation. It is

more precise especially when we have storm cells on the radar picture, because a storm cell
moves a lot during 15 minutes and thus we do not get continuous precipitation fields when we
sum up only with 15.minutes periodshis provides satisfying results. However, there is still a need
for rainrgauge adjustment because there are obviously places (behind mountains) that the radar
does not see.

The radars are corrected with rain gauge data every 12 hours. The correctiomangsing rain
gauge data for 12 hour total precipitation consists of two kinds of corrections: the spatial
correction which becomes dominant in the case of precipitation extended over a large area,
whereas the other factor, the distance correction factoreyails in the case of sparse
precipitation. These two factors are weighted according to the actual situation. The weighting
factor depends on the actual effective local station density, and also on the variance of the




Product ValidatioReport- PVR15A Doc.Nor: S.A .F/HSAWRlSA
Issue/Revision Index:1.

(ProductH15Ac PROBS6A) Date: D/04/2015
Page30/119

Satelit

differences of the bias between radand rain gauge measurements. On the whole, we can say
that our correction method is efficient within a radius of 100 km from the radar. In this region, it
gives a final underestimation of about 10%, while at bigger distance; the underestimation of
preciptation fields slightly increases. Besides, we also produce 12 hour total composite images:
first the three radar data are corrected separately, and then the composite is made from them.
The compositing technique consists of weighting the intensity of eadar at a given point
according to the distance of the given point from the radars. This is also true for theuz#y
accumulations.

Resolution, projection, threshold of detection

The resolution of the radar data used for validation is 2km by 2km.idtrise for the accumulated

and the instantaneous products as well. As We have already mentioned, the threshold of
detection 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. Proceed. of 5th European Radar Conference (ERAD), Helsinki
(Finland (http://erad2008.fmi.fi/proceedings/extended/erad2008270-extended.pdf
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4.5Ground data in Italy (DPC, Uni Fe)

Rain gauge

The network

The maximum number of available raingauges is about 1800, irregularly distributed over the surface. On
the aveage, however, a number of stations have low quality data, failure or data transmission problems
and their data are missing9999 recorded). This number of no data stations is highly varying on
hourly/daily basis and ranges from few units to a hundred. dase of data acquired but not
transmitted/recorded, the first transmitted measure is the cumulated value over the time when the data
were not transmitted.

The average minimum distance between closest stations is about 9.5 km, with a very high variaooee
regions (such as Tuscany in central Italy) it is below 5 km, while in Emilia Romagna (Po Valley) it is more
than 20 km. A study of the decorrelation distance between stations as function of the mutual distance has
been carried out for the 2009 daset. The decorrelation distance is defined as the minimum distance
between two observations that makes the Pearson correlation coefficient between the two measures
decrease below & Results are shown in next figure, where the decorrelation distanqeloited as
function of the distance between stations. It appears that there is a large variability of this parameter from
higher values (around 60 km for cold months when large precipitating systems dominate and reduces to
roughly 10 km when small scalems@ction is more likely to occur (warm months).

This points out that the distribution of gauges could be able to describe the spatial structures of
precipitation fields in case of wintertime rainfall, while may be inadequate for spring/summer convective
events.

— 200812
— 200901
— 200902
200903
200904
200905
200906
— 200907
— 200908
200909
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200911
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Figurel6 Correlation between rainrates detected by two close by stations as function of the distance between the
two stations. Colors refer to the month along 2009

In following figure the distribution of working stationser Italy is shown for a given day.
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Figurel7 Distribution of the raingauge stdons of the Italian network collected by DPC.

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

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

At the moment, the National network made available by DPC prowdishourly 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 (such as
ValleRQ! 2301 YR tASRY2y (0> IyR GKAA A& I OfSIN azd
autumn/winter (due to snowfall).

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

In this Project the poinlike gauges datare interpolated by using the Barnes meth(®arnes, 1964; Koch

et al, 1983) widely used to interpolate station data. It works by defining a regular output grid (5x5 km in our
OFrasSov YR | G@NIRAdzA 2F Ay Tt dzSy OS & panFinfortatdikfrod a I G A 2
NI Ay3al dAS A& aalLINBIRé Ay GKS ySA3IKoz2dNI oé +y SELR
rainfall value for each grigoint is computed as the contribution of all the closest measurements.

The resulting grid ia 5x5 km regular grid with 240 columns and 288 lines. Moreover, a Digital elevation
model is used to provide a mask of Italy in order to: 1) screen oupis@ds too far from the coastlines and

2) process the pixels with the elevation above sea level.

Radar data
The network
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The Italian Department of Civil Protection (DPC) is the authority leading the national radar coverage project
in order to integrate the preexistent regional systems. Currently, the radar network is composed by 20
systems, most of tem with dualpolarization. The network is composed by &da&hd fixed regional
installations (five of thenare polarimetric), two systems owned by the Italian company for air navigation
services (ENAV),diakpolarizationsystems managed by DigEusing éand and 2 »and).

The image 21 shows the spatial radar coveraféhe Italian territory.

Figurel8ltalian radar network coverageThe green and grey radar symbol stands for duehd singlepolarization
system, respectively.

Radar Data processing
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The operational radar processing chain, currently under testing within tH8AH project, is briefly
described in this section.

It aims at compensating or at least identifying most of the uncertainty sources conditioning the radar
rainfall estimation proces@-riedrich et al., 2006). Among them, the following error sources are primarily
considered: contamination by nemeatherreturns (cluter), Partial Beam Blocking (PBB), beam broadening
at increasing distances, vertical variability of precipitati@ermann and Joss, 2002; Joss and Lee, 1995;
Marzano et al., 2004) and rain path attenuation (Bringi and Chandrasekar, @atsy et al., 200; Testud

et al., 2000; Vulpiani et al., 2008). Every error source is quantified through specific tests ending with

the estimation of specific (partial) quality matrices and, when possibile, is compensated for. The overall
data quality (Q) is therobtained as a combination of the partial quality matrices. The quality model
described in Rinollo et al. (2013) is embeddaéthin the overall processing chain schematically depicted in
Figure24.

In this schematic representation, the sequential flamong conseutive computational steps is specified

by black arrows, while the blue ones identify the data input (or outputjotofrom) a specific processing
module.

The processing chain can be summarized through the following few steps as follows:

i. As typical, theaw volumetric data must be first filtered from nemeather returns. This step is
here achieved using thieizzylogic approach proposed in Vulpiani et al. (2012) for polarimetric
radar systems.

ii. The next step is the correction for Partial Beam Blocking J(PB&ed on the retrieved-B
cocclusion map (Bech et al.,, 2003) that, assuming the e.m. waves propagate in a standard
atmosphere, is evaluated only once for a given radar scanning strategy.

iii. The rain path attenuation is just qualitatively evaluated in dhgeconsidered radar system has
singlepolarization capability (Rinollo et al., 2013), otherwise it is compensated for by means of
the differential phase shift that needs to be preliminarly processed. In this framework, the
iterative movingwindow range dévative approach proposed in Vulpiani et al. (2012) is applied

here.

iv. The rangerelated deterioration of radar data quality is modeled through a +iarar function
as in Rinollo et al. (2013).

V. Once the attenuation is evaluated and, eventually, compenstiethrough the secalled ZPHI

method (Testud et al., 2000), the overall data quality is computed as geometric mean of the
partial quality matrices.

Q = Quutter *Avertical *dpeedistance *Uattenuation

Vi. The retrieved mean Vertical 6file of Reflectivity (VPR) is applied to the entire volumetric scan
with the aim to use alihe observations along the vertical to retrieve the surface rainfall rate.
All the clutterfiltered and attenuationcorrected (if applicable) PPIs are projectedjaiund by
means of the average Vertical Profile of Reflectivity (VPR).

Vil. The Surface Rainfall Intensity (SRI) map is computed as a quality-weighted average of each
rain rate map, obtained by each ground-projected reflectivity sweep (Vulpiani et al., 2014).

Viii. The SRI composite is built by combining the single-radar rainfall maps through a squared-
guality-weighted approach. In case of dual-polarization systems, the composite rainfall retrieval
algorithm proposed in Vulpiani and Baldini (2013)
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Figure19 Schematic representation of the Italian radar data processing chain.
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4.6 Ground data inPoland (IMWM)

Rain gauge

The network

The maximum number of rain gauges in the Polish ATS (Automatic Telemetric Station) national network is
950. Each ATS post is equipped with two independent rain gauges of the same sort. One of them is heated
during thewinter period and the other one is not. Therefore precipitation information is derived from 475
points at the time. Fact that rainfall is measured by two equally sensitive instruments two meters away
from each other at the same post, enables to apply samplsitu data quality control during summertime.
During winter norheated rain gauge is covered with a cup to prevent it from being clogged by the ice and
damaged. Because of that the precipitation information derived from ATS network in winter cannot be
verified using this method. It can be stated that during the wintertime precipitation information might be
bPRRMSEned by a slightly bigger measuring error.

The number of rain gauges available forfSAF 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 be stated that the number varies between 330 and 475 rain gauges for each day of operational work.

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

N

Legend
+ ATS gauges
« "SYNOP" gauges 0 100 200 km
Main rivers e

Figure20 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 tatal 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 interfrain) of ATS networkain gauges is set for
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10 minutes and can be adjest according to given needs. There is possibility to have very short
cumulation intervals for case studiestheoreticallyl minute - but not on every given precipitation
post. It depends on local DCS settings.

The dhta processing

As stated above the da quality control can be achieved by comparison 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 digaiad rain gauge
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 casg studi
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 postausited within 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 gaiges measurements
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 sattdl and ground precipitation is 5
minutes.

4.7 Ground data in Slovakia (SHMU)

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 vawéh time because on average 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 stasloosrisin
next figure
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Figure21 Map of SHMUrain gauge stations: greeg automatic (98), blueg climatological (586),
red - hydrological stationsn H-SAF selected test basins (37)

The instruments

Type of all the automatitain gauges is tipping bucket (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 interval.
Shorter accumulation interval of 1 min is also possible which m#kedsnstruments suitable for case
studies in the FEAF project.

The data processing

The rain gauge data are not used at SHMU directly for #®AR precipitation validation but they are
utilized as the input to the INCA precipitation analysis system wisickupposed to become a new
validation tool. Prior the INCA analysis the rain gauge data are interpolated onto the regular 1x1 km grid
using the inversalistancesquared (IDS) interpolation method. Only the 8 nearest rain gauge stations are
taken into acount in the interpolation in order to reduce occurrence of precipitation-eyks artifact.

SHMU perforrs the offline automatic and manual quality cheok the rain gauge datan frame of the

INCA system a quality control technique called blacklistagylieen developed which avoids the data from
systematically erroneous rain gauges to enter the analysis. Currently the blacklisting is used in manual
mode only.

Radar data
The network

The Slovak meteorological radar network consists of 2 radarsgsdadigure). One is situated at the top of
Maly Javornik hill near city Bratislava and second ommithe top of Kojsovska hola hill close to the city
Kosice. Both are Doppler;band radars; the newer one at Kojsovska hola is able to measure also the dual
polarization variables (neaperational).
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Figure22 Map of SHMUradar network the ri

The instrumens

The radars are operated and technically maintained by 8HRéceivers of radars are calibrated regularly
by means of internal test signal generator (TSG). In case of radar at Maly Javornik calibration is performed

ngs represent maximum operational range240 km for radar at Maly
Javornik (left), 200 km for radar at Kojsovska hola (right)

every 3 months and in case of radar at Kojsovska hola every 1 month.

The basic parameters of both BM radars are summarized in following table.

Maly Javornik

Kojsovska hola

Frequency band

GBand, 5600 MHz

GBand, 5617 MHz

Polarization Sinale Double (but so far only single pol.
(Single/Double) g products generated)
Doppler capability

(Yes/No) Yes Yes

Scan strategy: sca Scan frequency: 5 min Scan frequency: 5 min

frequency, elevations|

maximum nominal rangg
distance, range
resolution

Elevations (deg): 0.20.71.42.5]
5.47.39.513.017.025.0

Range: 240 Km

Resolution: 1000m

Elevations (deg)-0.5 0.0 0.5 1.0 1.1
2.54.06.010.0 20.0

Range: 200 Km

Resolution: 125m

The data processing

Table11 Characteristics of th&&HMUradars

For ground clutter removal the Doppler filtering is used. In case of radar at Maly Jatlwrilequency

domain IIR filter is used, at Kojsovska hola the Doppler filtering is supplemented with moving target
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identification (MTI) technique. Isolated radar reflectivity and Doppler velocity bins are removed by the
Speckle removal filter. The datattvsignal 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 vertical profile of reflectivity (VBRpplied at SHM. However
implementation of the beam blocking correction is being considered for tH@AR validatiordue to
complicated orographical conditions in Slovakia.

Precipitation intensity is derived from radar reflectivity according to therdWallPalmer equation
(Z=a*R”"b) with constant coefficients valid for stratiform ra@#¥Z00, b=1)% Polarimetric techniques for
guantitative precipitation estimation in case of dual polarization radar at Kojsovska hola are not used
because the measuredfarimetric data are nobperational (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 from both radars is used foStie ¥hlidation. The
composition algorithm used selects the higher value measured by the two radars in the overlapping area.
No raingauge correction of the derived instantansoprecipitation 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 productseaprovided 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 andaprior t
August 2009 15 minutes.

Precipitation accumulation in case ofh8urly 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 calcutad as a sum of the-Bourly accumulated precipitation. At least 92% of instantaneous
measurements must exist in relevant time period for thh@irly accumulated product to be produced.

No rain gauge correction of the accumulated precipitation is apgigtdthe same limitation of validation

area is used as for the instantaneous product. Threshold for precipitation detection of -toairB
accumulated product is 0,5 mm. Geographical projection and space resolution of the accumulated products
are the samas those of instantaneous product (see above).

For validation of FSAF precipitation products it is necessary to know errors distribution of used ground
truth datac in case of SHMU it is precipitation intensity and accumulated precipitation measur@lhgk
NI RFNJ ySGiGg2N] @ C2NJ 6KAA LlzN1}2asS | addzRe OFffSR af
AYRAOFG2N) gA0GK NB3IIFINRa (2 GSNNIXYAYy GArairortArdes Kl a
next steps had to be done:
e simuldions of terrain visibility by radar network using 90m 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 radge
with regard to terrain visibility, based on rain gauge and radar data statistical evaluation
computation of error distribution maps using regression equation and terrain visibility

Main results of this study are shown in next figure. It is evidéat the best visibility of SHMU radars
corresponds to the lowes? RRMSERMSE of 60% displayed by light violet colBRRMSERMSE is of quite
homogeneous distribution with average of 69% in prevalent lowlands of Slovakia displayed by bluish colors.
Butin central and northwest mountainous areas this error exceeds 100%.
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Figure23 Map of relative RMSE (left) and Mean Error (right) over the SHkadar composite

Similar studies that have been carried out in the PPVG on compaoisradar data with rain gauge data

have shown in general that RMSE error associated with radar fields depends consideratsigiabn
minimum visible height above the rain gauge especially in mountainous countries. In lowlands this
dependence is not sogiificant, but no negligible. The reason can be the location of radar sites at the top

2T KAff&a YR AYLRaairoAftAde 2F (GKS t26Sai SPEBOI (A2
RMSERMSE error of radar accumulated fields is betwee®®, with an averageRRMSERMSE value of

69,3%. Mean Error specified for -Béurs cumulated precipitation is4,42mm or converted into
instantaneous precipitation0,184 mm/h. RMSE specified for-Bdurs cumulated precipitation is 9,48mm

or converted inb instantaneous precipitation 0,395 mm/h.

Complete SHMU study is available on th&AF ftp server:
/hsaf/WP6000/WP6100/precipitation/WG_groups/Weadar/WG2-3_radar quality indication_v1.doc

4.8Ground Data in Turkey

Rain gauge

The network

356 Automated Weather Observation Station (AWQitributed over the countryare used for the
validation of thesatellite precipitation productsin the HSAF project. The average distance between the
AWOS sites is 40.5 km.
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Figure 33Viap Turkishrain gauge stations

The instruments

Thegauge typeof the networkis tipping buckeivhere each has heated funnel The minimum detection
capability of the gauge is 0.2 mm per tip. In the maximum capacity of theimsttis 720mm/h at most.
The @eraional accumulation interval is 1 minute, so thaternative cumulation intervals such as 5, 10,
20, 30 minutesre possible.

Data processing

Quiality control

High quality of the ground data is critical for performing the validation of the precipitgtfoducts. 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 about the ground data at
a certain level. For this reasospme 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
described imext table

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

Table12 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.

IFLim ower <Obsef; < Limypper THENODsey flag isW D 2 2 RQ
IFObser > LimypperORObSE; < LiMowe: THENODbsef flag is® C I A £ dzNB Q

Limower and Limyyper thresholds are separately determined for each station on a monthly basis. At any
specific site, all the observed monthly data is sidered for determination of the upper and lower limits.
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@ L eAay3a (GKAa GSaidxz SHFOK 20aSNBFGA2Yy Aa Ffl 3z
comparison tests mentioned above.

Step Test

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

IF |Obser;-Obsef..4| < Steg THENODbsey;flag isW¥ D 2 2 RQ
IF |Obser;,-Obsey..1| > Steg THENObser,flag is¥ { dza LIS O i 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 observations for
the matching month. The 99.9 % cumulative hiséwg value of the dataset is set as the Stbpeshold for

the related site and month.

Persistence Test

Persistence test is used to determine if any group of observations are due to instrument failures. The test
procedure applied is defined as,

L C THENFlagforallObserinTY WD22RQ

LC ¢ FlagforatObSebin v  W{ dza LISOG Q

GKSNBE ¢ Aa GKS (G2aGFrft ydzYoSN) 2F GKS &SldsSSyidAaltte
possible maximum number of sequentially repeating observatibns. Ay GKS 20KSNJ (62
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 % cumulative
histogN\I ¥ @ f dzS 2F GKS NBLISIFGAY3I ydzYoSNI RIFGF&aSG Aa
and month. Since there is a high possibility ofpmecipitation data (zero), the sequential zero observations

are excluded in this test during the determiraty’ 2 F GKS n GKNBakK2f R | Y2dzya

QA Test procedure

By applying the control procedures of the QA test mentioned above, each individual precipitation
observation receives three flags referring to the corresponding test. For the corresponding observation if all
GKS GSaid Ftl3 Aa y2 isedlirefrBn@thelvalidation précéss. 2 0 Aa SN G A2 Y

Use of spatialization technique

Due to the time and space structure of precipitation and to the sampling characteristics of both the
precipitation products and observations used for validation, care has to bentad bring data into
comparable and acceptable range. At a given place, precipitation occurs intermittently and at highly
fluctuating rates. Various maps, time series analysis, statistical and probabilistic methodologies are
employed in the validation paedure classically, but some additional new aspects such as the spatial
O2@SNI 3S GSNATFAOFGAZ2Y Y2RSt 27 LI AYy (G OdzvydzZ F GAGS
proposed for usage in this work.

Each precipitation product within the-BAFproject 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
other hand, the ground observation (rain gauge) network consists of point observations.alin@mblem

in the precipitation product cal/val activities occurs in the dimension disagreement between the product
space (area) and the ground observation space (point). To be able to compare both cases, either area to
point (product to site) or point tarea (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 is
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homogenous within the product footprinbext figurepresents satellite foot print (FO¢gnters of theHO1

and HO2 producs, an elliptical footprint for the corresponding center (area within the yellow dots) and
Awos ground observation sites. The comparison statistic can be performed by considering just the sites in
the footprint area. Althaigh this approach is reasonable on the average but it is less useful in spatial
precipitation variability representation. The comparison is not possible when no site is available within the
footprint area.

* : AwWos sites
+ : FOV center

.

Figure24: HO1 andHO2products footprint centers with a sample footprint area as well as the Awos ground
observation sites.

Alternatively, the point to area approach is more appealing for the realistic comparison of the precipitation
product and the ground observation. Thippaioach is simply based on the determination of the true
precipitation field underneath the product footprint area. To do so, the footprint area is meshed and
precipitation amounts are estimated at each grid point by using the precipitation observatiotige at
neighboring Awos sites as shownHRigure25. A 3x3 km grid spacing is considered for the products with
elliptical geometry while 2x2 km spacing is considered for the products with rectangular geoRwetgny

grid point, Awos sites within the 45 km for the time period of ABaptember (convectestype) and 125km

for the rest(stratiform type) are taken into consideratioit each grid point, the precipitation amount is
estimated by,

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

where %, is the estimated value and Wg) is the spatially varying weightifignction between the-th site
and the grid point m.
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* : Awos sites
* +: FOV center

Figure25: Meshed structure of the samplél01 andHO02 producsfootprint.

Determination of the W(g,) 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 weightings in general as,

— or nmH<R
W(rim)= LR2+ri?mJ o
0 for 1 m 2R

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

[ el
W(r; )=€x —4('—"]) | (4.133)
e AR |

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

(4.132)

For the validation activities, the point cumulative sl NA 2 INJ Y G SOKY A lj dzS LINE LJ2 &
(1998) is used to determine the spatially varying weighting functions. Iragimsoach, 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 variability of the 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 product time is taken into account and 5 minute wingdav(t

t+3) is considered for estimation of the aveeaginrate for each site.
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For the spatial matching, the mesh grid size of 3kmX3km is constructed for each IFOV area. For each grid
point, the rainrate is estimated by taking the 5 minute averaged rainrate amounts observed at the nearby
AWOS sites withirthe 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(Equation 1). The weighting amounts
are derived fromthe spatially varying weighting functionsbtained by using the semivariogram
approach( Sy | y R998).IFinaly) the Gaussian filter is applied to the estimations at the mesh grid of
the IFOV area to get the average rainrate. Then, this amount is compared with the satellite precipitation
product amountfor the validation purposes.

Conclusions

After these inventoriessome conclusiosican be drawn.

The rain gauge in PPVG is composed by more th@f #Gtruments across thpartner Countries These

data are,as usual, irregularly distributed over grouadd are generally deduced hipping bucket type
instruments. Moreover most of the measurements are hourly cumulated. So probablyathgauge
networks used in this validation activities are surely appropriated for the validation of cumulated products
(1 hour and higher), while fahe validation ofinstantaneous estimates the use of hourly cumulated ground
measurementould introduce a large error. Moreover the revisiting time (3,4 hoafs¢he product makes
impossible or not reasonable to validate theoduct for £24 hours cumulated interval. The first object of
PPVQ@Rain GaugeWG)in the next future it will be tayuantitatively estimate the errors introduced in the
validation procedure comparing the instantaneous satellite precipitation estimatitth the rain gauge
precipitation cumulated on different interva(ghe Polish and Turkish data will be used for this purpose)
Therain gauge inventory has algminted out that different approaches for the estimates matching are
considered in the PPV@he second steps in the next futuwll be to define the rain gauge spatial
interpolation technique and taevelop the related software.

The radar data in the PPM&composed by 56-Band radars acrosthe 7 countriesBelgium Germany
Hungary Italy, SlovakiaPoland Turkey The rain gauge network responsildeclarel that the systens are

kept in a relatively good statug§he rain gauge inventory pointed out that different correction factors are
applied.This means that the corresponding rainfalligsites arediverse, and the estimation of their errors
cannot be homogenized he first step in PPV®&adar¢WG)will be to define aquality indexon the base of

the study performed by the Slovakian team (Annex 4) and the scheme publishédSzturc eall 2008.

The main difficulty consists on the definition of a quality index computable for every radar networks of
PPVG. The evaluation of this quality index will allow to evaluate the rain gauge error in the same way and to
select the more reliable radatata in the PPVG.

In this chapter the first example of precipitation fields integration has been provided (Seclict 4NCA

and RADOLAINgroducts. The INCA systemtaml for the precipitation products validatigris available in
Slovakia and Polandh both countries being run in preperational mode. In Germany similar precipitation
analysis system called RADOLAN is being run operationally. This tool is already used for validation of the H
SAF precipitation products i@ermany The study performedni the PPVQINCAWG) showedthat the
accuracy and reliability of the raingauge stations significantly affect final precipitation analysis of the INCA
or INCAlike systems In order to solve this problem an automated blacklisting technique is going to be
developed at SHMU (currently blacklisting is used in manual madtie)next step will be to develofe
software for upscaling the INCA precipitation field into tlsatellte product grid The grids of INCA and
RADOLAN have similar horizontal resolution to the common radarTdral upscaling software will allow

to provide case study analysis and statistical score evaluation for future considerations on the opportunity
to use these precipitation integration products in theSAF validation programme.
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4. Validation results: case study analysis
Introduction

As reported in the Chapter 3 the common validation methodology is composed of large statistic (multi
categorical and contuous), and case study analysis. Both components (large statistic and case study
analysis) are considered complementary in assessing the accuracy of the implemented algorithms. Large
statistics helps in identifying existence of pathological behaviolgecwsl case studies are useful in
identifying the roots of such behaviour, when present.

This Chapter collects the case study analysis performed by PPME5étor the period June2013 ¢June
2014 The Chapter is structured by Country / Team, one se@amh. The analysis has been conducted to
provide information to the User of the product on the variability of the performances walithatological
and morphological conditions, as well as with seasonal effects.

Each section presents the case studies aealygving the following information:

o 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;
o discussion of the satellite product perfoemces;

¢ indications to satellite product developers;

¢ 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 the test sites, indicated by
the hydrdogical validation team, in order to provide a complete product accuracy and hydrological
validation analysis to the users.

4.1 Case study analysis iHungary
4.1.1 Case Study 130" January, 2014
METEOROLOGICAL EVENT DESCRIPTION

A front system from Barents Se¢a North Italy derived the weather of the North Europe. In Hungary
afternoon lot of thunderstorms developed causing showers, hailstorms.

DATA/PRODUCTS USED

precipitation rate information from the Hungarian radar network (top middle panel),

precipitationrate information from theH15Aproduct (old version) (top left panel),

precipitation rate information from the HO3 product (top right panel),

visible image (bottom left panel), IR brightness temperature image (bottom middle panel), lightning image
(bottom right panel)
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Figure 2.
precipitation rate information from the Hungarian radar network (right panel)
precipitation rate information from théd15Aproduct (reprocessed version) (left panel)
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Figure 3.

RESULTS GOMPARISON

The Figure 1 and 2 shows the old verditirbAproduct, while Figure 3. the new version of it.

Coldring pattern can be seen at bothfH! C LINR RdzO G &

products to the radar images we can see tH&A derives more correctly the precipitation area and
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satelits

& HSAF

intensity than HO3. Thel15Aprecipitation intensity shows the same form as the coldest part of the cloud
Ay GKS Lw mady >Y AYlI3ISo

The lightning data, the highest precipitation intensity measured baratiow good agreement. While the
H15A product overestimated the highest precipitation intensity area, until HO3 underestimated the
intensity except the light intensity, which was overestimated.

The next images show the convective clouds 2 hours lateneAsan see at the previous images tH&5A
detects the precipitation area more correctly than h03, but 2 hour later we can see at the convective cloud
developed on the east part of Hungary thd5Aoverestimated the high precipitation intensity area. &w

look at the IR image and-BAF products, we can see the edliy form disappeared, and the coldest area
increased.

Comparing the old and new versionldl5Aproduct we can see that the moderate precipitation intensity
was detected more correctly at the new version, but the highest precipitation intensity was overestimated
significantly. The highest intensity values in all cases are very high.

As you can atite last image some convective precipitation areas were not detected.

COMMENTS

In most cases thél15Adetects correctly the wide spread of convective precipitation area, but the smaller
areas in more cases are not detected.

The H15A product overestimateghe high precipitation intensity area. At the new version the highest
precipitation intensity increased significantly.
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4.2 Case study analysis iialy

4.2.1 Case Study 1: 13 November, 2013
METEOROLOGICAL EVENT DESCRIPTION

In November 2013 frequent and intense perturbations affected the Mediterranean area. Between 11" and
12™ of November a strong Mediterranean cyclone affected Italy and brought bad weather in the central and
southern Italy, with heavy precipitation especially in the central Adriatic regions.

In the evening of 10" a vast Atlantic cyclonic wave, extending from Scandinavia to France, moved towards

northern Italy and cut-off rapidly.

[crucal

F =

ECMWF 11 Novembre 2013 O0UTC Forecast T+0 VT: Lunedi 11 Novembre 2013 O0UTC {{,ﬂ
EUROATLANTICO - Geopotenziale 500 hPa + Temperatura 500 hPa :

o= 0% N°E a0°E

o

Geopotential height and temperatures 500 hPa, ECMWF analysis (11.11.2013, 00.00 UTC)

The analysis of ECWMF in the early morning of 11" (00 UTC, 01 local time) shows the cut-off of the cyclonic

wave over ltaly, with cold polar air masses flowing in from the North. Thus a cyclogenesis took place over the
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Tyrrhenian Sea, a very common phenomena in Autumn, when strong low pressure systems bring heavy

rainfall over Italy.

TR

L o

ECMWF 11 Novembre 2013 12UTC Forecast T+0 VT: Lunedi 11 Novembre 2013 12UTC ’if‘
EUROATLANTICO - Geopotenziale 500 hPa + Temperatura 500 hPa -

oW 0E n°E 2°E

Geopotential height and temperatures 500 hPa, ECMWF analysis (11.11.2013, 12.00 UTC)
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The: EUMETSAT

Netwaork of
Safelite Application
Facilifies

ECMWF 11 Novembre 2013 12UTC Forecast T+0 VT: Lunedi 11 Novembre 2013 12UTC
EUROATLANTICO - Pressione al suolo (hPa) + Temperatura 850 hPa (°C)
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Mean sea level pressure and temperature at 850 hPa, ECMWF analysis (11.11.2013, 12.00 UTC)

The 2 analysis of ECWMF above show that in the early afternoon of 11" the low pressure system has
already developed and is centered on the sea, before the coast of Latium. The low pressure in low layers
(under 995 hPa) is a Mediterranean cyclone, almost in phase with the high level low, which cut-offed from
the main zonal flow in northern Europe. In high layers cold air masses dominate, in low levels air mass
separation is less evident, which in characteristic of Mediterranean cyclones, where occlusions and
convective systems are main weather driving phenomena.

Bad weather affects the whole of center- and southern lItaly, with rain, strong winds and high seas. In the
north of the cyclone the isobars in low levels point to a strong pressure gradient and therefore very a strong

easterly flow over central Adriatic regions, announcing the arrival of the occluded front.
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Meteosat 8 IR 10.8 + enhanced IR10.8 + ECMWF geopotential height 500 hPa; 12/11/2013 00 UTC

12 hours later, an analysis of 500 hPa geopotential, combined with Meteosat IR imaging is shown above.
The low pressure system moved slowly southward to Sicily, and there it will be almost stationary till the 13"
of November, bringing strong showers and thunderstorms in southern Italy, especially in Basilicata and
Puglia.

Further to the east, the satellite image shows clearly the occluded front over the Adriatic sea reaching central
Italy, with an intake of very moist maritime air from the southeast.

Till the morning of 13™ in the center of Italy rainfall will be widespread and persistent, with embedded
showers, especially in in the Adriatic regions of Abruzzi and Marche, where very high rain amounts, due to
additional Stau effects, fall on the upward side of the Apennines. Lesser, but also relevant rain amounts, are
recorded in the eastern zones of Umbria and Lazio.

In the afternoon of 13" the low pressure system dissipates and then moves to Greece; in Italy weather
improves gradually, with ceasing rainfall.

DATA/PRODUCTS USED
The gaugeestimated rain rates are used to validate the product®BS3 v1.4 (HO3).
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Layer Legend: AlX
Rainfall Field 1

Data: 11/11/13 00 UTC - 12/11/13 00 UTC
Sensor: Raingauge

Cumulative Rainfalk Time Range
Interpolator: GRISO Ver. 2

Value Filter: All Values

Spatial Resolution: Native
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Layer Legend: X
Rainfall Field 1

Data: 12/11/13 00 UTC - 13/11/13 00 UTC
Sensor: Raingauge

Cumulative Rainfall: Time Range
Interpolator: GRISO Ver. 2

Value Filter: All Values

Spatial Resolution: Native
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Figure 24hour cumulated precipitation as retrieved by the Italian rain gauge network on tHe 11
November 2013 (upper panel) and"LRovember 2013 (lower panel).



Doc.No: SAF/HSAF/R15A

o upEsar Product ValidatioReport- PVR15A .
e HSAF Issue/Revision Index:1
LS (ProductH15Ac PROBS6A) Date: 10/04/2015
Page58/119

Layer Legend: -iX
Rainfall Field 1

Data: 13/11/13 00 UTC - 14/11/13 00 UTC
Sensor: Raingauge

Cumulative Rainfall: Time Range
Interpolator: GRISO Ver. 2

Value Filter: All Values

Spatial Resolution: Native
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Layer Legend: e

Rainfall Field 1

Data: 11/11/13 00 UTC - 14/11/13 00 UTC
Sensor: Raingauge

Cumulative Rainfall: Time Range
Interpolator: GRISO Ver. 2

Value Filter: All Values

Spatial Resolution: Native
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Figure Cumulated precipitation as retrieved by the Italian rain gauge network. The upper panel shows the
24-hour cumulated rainfall registered on the 1 November 2013. The lower panel shows theheir
cumulated pregitation observed between I"INovember and 18 November 2013.

RESULTS OF COMPARISON
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The validation results are shown in terms of continuous and multi-category statistics.

Prec. Class ME SD MAE MB RMSE PR-RMSE
(mm/h) (mm/h) (mm/h) (adim) (mm/h) (%)
1<PR<10 -2.49 2.22 2.69 0.27 3.32 84
PR>10 -11.48 4.91 11.54 0.19 12.48 84
PR>1.0 -3.08 3.27 3.26 0.25 4.49 83

Table 1 Continuous statistics for H15A as obtained considering the rain gauge as ground reference over land

areas.
Prec. Class ME SD MAE MB RMSE PR-RMSE
(mm/h) (mm/h) (mm/h) (adim) (mm/h) (%)
1<PR<10 -1.73 2.34 2.34 0.40 291 105
PR>10 -12.82 5.35 12.82 0.11 13.89 90
PR>1.0 -2.41 3.71 3.01 0.33 4.42 105

Table 2 Continuous statistics for H15A as obtained considering the rain gauge as ground reference over

coastal areas.

Land Areas | Coastal Areas
POD (%) 31 27
FAR (%) 54 55
CSI (%) 23 20

Table 3 Multi-category scores for H15A as obtained considering the rain gauge as ground reference over

land (left column) and coastal (right column) areas.

COMMENTS

The product performed relatively well for all precipitation regimes, the accuracy being between target and

threshold.
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4.3 Casestudy analysis irPoland
4.3.1 Case Study 129th July, 2013
METEOROLOGICAL EVENT DESCRIPTION

On the 29 of July 2013he weather phenomena over Poland were determined by the front coming to the
NW parts of Poland from Germany fed by the thermal contbegitveen extremely hot and dry air masses

of tropical origin and humid but also cooler polar air masses of Atlantic provenience. As a result only the SE
part of the country was cloud fregthe rest of the country was obscured by clouds connected with storm
events encountered all over the country. The forecasted liquid precipitation (connected with hail) during
the storms was estimated as of 15 mm up to 30 mm (at night in the Pomerania region) and 25mm to 35
mm during the day, especially in the close vigimif Cb clouds. In the storm area wind gusts were reaching

85 km/h while predominant wind direction was SE. The min temperature at night was estimated at 15°C in
SE and 23°C in SW while max temperature during the day in the W regions of Poland 29°€ash fihets

31°C and 36°C in the S and center of the country. The above mentioned weather conditions were increasing
in intensity during the day and following night.

Data and products used

Reference datadata from Polish automati@in gauges network(IMWM-NRI)
data from Polish meteorological radaetwork (IMWM-NRI)
H-SAF productPROBS6A
Ancillary data (used for case analysis):
Polish Lighting Detection System, PERUN (IMVRY)

Comparison
Convective storms where observed over the NW regions of dbentry on that day. The

precipitation was accompanied by lightning activity. On the figure beliinst row of the maps)the
lightning activityis superimposed onto convective precipitation map atwirelated in time with the
satellite transmission ovgrassstarted at 0042 UTC and continuing throughout the morniRgesented
slots were chosen to illustrate three stages of the storm developmBmse maps were constructedwith
useof data from Polish Lighting Detection System, PERUN.

Statistical scores

Please note that all statistical scores obtained for this study were calculated for the whole day of
interest not only for the slots presented on the maps.

The ability ofPROBS6A product to recognize the convective precipitation was analyzed using
dichaomous statistics parameters. Following theSAF methodology, the 0.25 mm/h threshold was used
to discriminate rain and noain cases. Below, the contingency tables for radar and ATS data as well the
Probability of Detection (POD), False Alarm Rate)(BAdRCritical Success Index (CSI) are presented.

RD RG
Land | Coast| Sea | (land)

POD 0.51 0.50 0.31 0.90
FAR 0.48 0.37 0.58 0.64

CSl 0.35 0.39 0.22 0.35
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The higher values of POD than FAR over landcaadtindicate thatPROBSGA product ability to
recognize theconvective precipitation isery good both for ATS anguite good forradar data. This is not
valid for results obtained fasea The POD scores obtained fofSAdata are much higher than for radar.

H-15 convective precip at 0042 UTC on 29.07.2013 H-15 convective precip at 0312 UTC on 29.07.2013 55H-15 convective precip at 0627 UTC on 29.07.2013
55 ; 55 -

53 . 5k

51 e

49+
14 16 1 20 2 A

53

51

49+

SRl precip at 0310 UTC on 29.07.2013
Y

55

53

514

49
14 16 18 002 U 16 18 20 2 A %4 16 18 2 2 A

Three stags of the storm evolution described on a set of graphs presentiagipitation distributionover Poland

according taH15A ATSand radar (SRIThe red crosses on thé15Amaps represent the lightning activity

connected with the storm cells at given tinsts while orange crosses on the ATS maps mark the ATS locations
in PolandPlease note the scale difference between radar maps and two other data sources presented.
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1 O rr rr O 10
NS 8745 797
NRD 2899 667
ME 0.12 -12.83
SD 4.83 8.66
MAE 3.15 13.14
MB 1.03 0.29
CcC 0.01 0.07
RMSE 4.83 15.48
URD % 260.30 73.60
Statistical scores for rain gauges on land.
1 O rr rr O 10
NS 106881 20057
NRD 79911 9301
ME -0.45 -14.79
SD 7.49 14.73
MAE 4.03 17.21
MB 0.87 0.25
CC 0.05 -0.003
RMSE 7.50 20.88
URD % 349.30 94.80

Statistical scores famdaron land.
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1 O rr |rr O 10

NS 1987 722
NRD 1867 232
ME 5.94 -5.65
SD 16.77 19.997
MAE 9.41 17.79
MB 2.79 0.67
CC 0.06 -0.14
RMSE 17.79 20.77
URD % 875.80 135.50

Statistical scores faradaron coast

1 O rr |rr O 10

NS 15072 3103
NRD 12993 769

ME 0.42 -11.28
SD 9.16 11.75
MAE 4.71 14.09
MB 1.14 0.28

CcC 0.12 -0.01
RMSE 9.17 16.29
URD % 410.60 97.50

Statistical scores famdaron sea

Some Conclusions

Concluding, theanalysis performed for situation with convective precipitation occurred on the
29" of July 2013 showed quite good ability fROBS6A product in recognitionof
precipitation over land and coast. In the case of sea POD score is lower than FAR;

The area of precipitatiowas properly recognized By15A, especially, for the developing and
mature convective phases. For the dissipating phase the underestimation was found;

It needs to be mentioned that both radar and ATS data sets present totataficecip
(convective and stratiform) whild15A shows the convective one only;

The H15A product shows a good correspondence with lightning distribution but also the lack of
parallax correction is visible here (see page 2, first row of maps);

H15A tends to @erestimatemoderateprecipitation while underestimating the high values of
precipitation in this case;

The PDFs over land are in good correspondence with both radar and rain gauge (68 page
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4.3.2 Case study 215th May, 2014
METEOROLOGICAL EMBESCRIPTION

On the 18 of May 2014the weather over Poland was dominated by low pressure system located in
Romanian Carpathians and strongly influencing local weather in south of the country. The rotating system
delivered curved cloud structures over theountain ridges which resulted in orographic intensification of
stratiform precipitation in Poland. During the night estimated precipitation in the S regions of Poland was
25 mm while 40 mm at the mountains feet peeking at 50mm in some locations. Inotlel Earpathians

snow and melting snow were expected. It resulted in the increase of snow cower in volume of 25 cm in the
high mountains. In the rest of the country light liquid precipitation was forecasted. The min temperature in
the NW part of the couny was estimated at 2°C to 6°C, at the same time in other regions min temperature
reached 6°C to 9°C. The predominant N wind was weak and moderate at that day but in the SE part of
Poland some wind gusts were recorded. Especially in the high mountains gusid speed reached
100km/h at following night.

On the figure below, the 24h cumulation of lightning activity over Poland 8roi#ay 2014 is presented.

The available data prove that there was no convective precipitation on that day. The main group of
lightning strokes is located on Ukraine and Belaiiltsee map was constructed on the base of data from
Polish Lighting Detection System, PERUN.

Data and products used

Reference datadata from Polish automatiain gauges networkIMWM-NRI)
data from Polish meteorological radaetwork (IMWM-NRI)
H-SAF productPROBS6A
Ancillary data (used for case analysis):
Polish Lighting Detection System, PERUN (IMWRY)

Comparison
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The stratiformprecipitation occurredon this day in Poland wereaptured by morning satellite
overpasgsstarted at0942 UTC and continuing throughout tday.

H-15 convective precip at 0942 UTC on 15.05.2014 H-15 convective precip at 1042 UTC on 15.05.2014
55 55+

53+ 53

514

ATS precip at 0950 UTC on 15.05.2014 ATS precip at 1050 UTC on 15.05.2014
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; i
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Two stages of the precipitation evolution described on a set of graphs is presartedding toH15A ATSand radar
(SRI)Please note the scatlifference between radar maps and two other data sources presented.

Some Conclusions
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TheH15Aproduct was tested on the stratiform case to check its behawiocording to the specification of
the tested product it should not detect anyeqmipitation at al in this case. Nevertheless, the precipitation
area was detected. It means that15Awrongly classified stratiform precipitation as convective one. The
analysis of the statistical scores in this case is pointless.
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1. Validation results

6.1 Synopsis of/alidation results

In this Chapter the validation results of th¢l5Alarge statistis analysis are reported for the period
(1.6.2013¢ 30.06.2014). The validation has been performed on the product release currently in force at the
time of writing.

EachCountry/Team contributes to this Chapter by providing the monthly contingency tables and the
statistical scores. The results are showed for radar and rain gauge,deaand coast aredor the three
precipitation classes defined rable5 Classes for evaluating Precipitation Rate products

. The rain rates lower than 0.28m/h have been considered as no rairhe precipitation ground networks,
instruments and data used for the validationtdi5Ahave been described in Chapter 4.

To assess the degree of compliance of the product withduct requirements all the PPVG members
provided the long statistic results following the validation methodologyregsl in Chapter 3.

For product HO4 teProduct regiirements are recorded ifollowing table:

PROBS6A
Precipitation class Requirement (RMSE %)
thresh|target| optimal
> 10 mm/h 90 80 25
1-10 mm/h 120 | 105 50

Tablel3 Productrequirementsfor H14

This implies that the main score to be evaluated has been the RMSE%. However, in order to give a
more complete idea of the product error structure, several statistical scores have been evaluated as
reported: Mean Error, Standd Deviation (SD) antean Absolute Erro(MAE, Mean Bias (MB)
Probability Of Detection (POD), False Alarm Rate (FAR) and Critical Success Index (CSI). These score
have been defined in Chapter 3.

The long statistic results obtained in Belgium, Germamngdry, Italy, Poland, Slovakia and Turkey
will be showed in the next sections. The country validation results are here reported in order to
respond not only to the question whether the product meets the requirements or not, but also where
it meets or appoaches or fails the requirements.

The average performance of HO4 for all sites is presented in a compact, synoptic way in this chapter.
The contents of the monthly statistical scores have been provided by the individual Countries/Teams
and verified by thevalidation Cluster Leader, step by step, as described in the Chapter 3. As stressed
in Chapter 4, the average scores reported in the following tables have been obtained on
measurements collected in heterogeneous geographical, orographic and climatolmmidaions.
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6.2 The continuous statistis

The results obtained by each country, synthetized through error scores computed on mbat#iidy are
described in this section by means of tempesafuence plots, the corresponding annual weighted
average being summarized in Table 6.2.1.

It is worth mentioning that a further processing of the couRreyel error scores has been carried by the
Validation Leader . Indeed, anomalous statistical scores (when compared with the general annual trend)
were found in correspondence of very limited number of satellite and/or radar pixels to be compared.
These values have been filtered out having been considered as outliers based on the following criteria:

a) NS and/or NR <20
b) X>Xeat20 OF X<Xearlo

whereNS and NR are the number of satellite and radar (or gauges) pixels to be compared. X stands for
a generic error score,%nthe average of its temporal distribution and the corresponding standard
deviation.

Future developments of the validation appida will evaluate the possibility to implement this basic data
control within the common code used for the validation.

6.3 Themonthly average

This section summarizes the results obtained by every partner in terms of error scores computed on
monthly-basis. For the sake of brevity the results refer to inland areas only.

Looking atFigure26, showing the temporal sequence of the computed erscores relatively to Belgium,
whenusing theradad SR NI Ay FlLff SaGAYIFGSa a o0SYOKYIl NJ =
error scores (ME, MASE,RMSE) show a seas sensitivity, especially for higirecipitationrates, i.e.,

red curves orresponding to R>10 mm™ In this casethe errors are higher during the summer period,
which might be explained by the higher occurrence of convective, especially thmymwective, smalkscale
storms.

It can be also noticed thatlespite the Mean Eor (ME) is not negligiblemost of RMSE is explained by the
Error Standard Deviation (SD), accounting for the spatial and temporal variability

CKS GNBfl GABSE SNNEN ROFENSDGwza teingogalbvariatdlity kespecially fordow |y R
predpitation rates However, the PRMSREypically ranges around.0 (100%) for R>10 mni‘lincreasing

up to 4.5 (450 %) in June 2014 atoderaterainfall rates {<R< D mm h?). A comparative analysis with the

Mean Error and Mean Bias allows to deduce ardiesand to precipitation underestimatian

Referring toFigure27, showing the results obtained Hungary we may notice a temporal trend similar to
that observed foBelgiumuntil February 2014, than the product starts overestimatiagfall at least for
R<10 mm H. The PRRMSE varies between about 0.7 (70%) and abduf1P0%) for the highest rainfall
rate class, reaching up &0 (600%) for the lowest.

Figure27 -Figure33 show the results obtained by the other countries, some of them using either radar or
rain gauges for the product assessment.

The overall behaviour di15Aseems to be confirmed, a trend fwecipitation underestimation, especially
at high rain rates.
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Figure26 Temporal sequence of the computed error scores relatively to Belgium where the-aded
rainfall estimates have been considered as benchma@ie statistics refers to inland areas, while the
reference period is*lJune 201330th June 2014. Note that the FRMSE is not expressed in percentage.
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Figure27 Temporal sequence of the computed error scores relatively to Hungary where thelbrased
rainfall estimates have been considered as benchmark. The statistics refers to inland areas, while the
reference period is*LlJune 201330th June 2014. Note théte PRRMSE is not expressed in percentage.
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Figure28 Temporal sequence of the computed error scores relatively to Italy where the-taded rainfall
estimates have been considered as benchmark. The statistics refers to sneasl, while the reference
period is ' June 201330th June 2014. Note that the FRMSE is not expressed in percentage.
















































































































































