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1 Introduction to productHOZB (P-IN-MHS
1.1 Sensing principle

The productP-IN-MHS is based on the instruments AM@Uand MHS flown on NOAA and

MetOp satellites. These cregack scanners provide images with constant angular sampling across
track, that implies that the IFOV elonga{&-OV) as the beam moves from nadir toward the edge

of the scanseeFigure1). The fifteen channel frequencies of the AM®lnstrument are 23.8,

31.4, 50.3, 52.8, 53.6, 54.4, 54.94, 55.5, 57.29, 5@5DR2&Bf and 89 GHz (where DF+Df
represents either double or quadruple symmetric sideband frequency positions along the 57.29 GHz
O21 I ne 0 s newmdssary for temperature sounding), while the five frequencies of the MHS
radiometer are 89, 157, 183.31+1, 18334And190.311GHz. TheEFOQOV resolutions / shapes are

a function of the radiometer, the view angle and the height of the satellite, where shape is expressed
in terms of cross¢rack (CT) and dowatrack (DT) elliptic dimensions. Both the AMSA and

MHS radometers use their own common beam sizes, specific to each radiometer, unvarying with
respect to channel frequencye. the EFOV resolutions are independent of the frequency
dependent diffraction limitsFor example, for the AMSIA radiometer at a nomat satellite height

of 833 km, the nadir and scan ed€feOV resolutions / shapes, respectively, are 4&BX 48.17

DT kn? / nearcircular and 179.8€T x 80.8DT km? / extremeovate, while for the MHS
radiometer at the same satellite height, the nadit scan edgeEFOV resolutions / shapes,
respectively, are 20.36T x 16.59DT kn?¥ / mild-ovate and 67.1:€T x 27.9:DT km? / extreme

ovate.

=
_,.—"'"; = Direction
_ (,_ '\«,—.) of Flight

Figurel: Geometry of crosdrack scanning for AMSU

Since the incidence angle changes moving ett@sk, the effect of polarisation also changes, thus
the information stemming from dual polarisation would be very difficult to be used, and in effect
the various frequencies are observed under a singlegatlari, V or H.

The NOAA satellites are managed by NOAA, MetOp by EUMETSAT. Both NOAA and MetOp
provide directreadout.
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1.2 Algorithm principle

The baseline algorithm foP-IN-MHS processing is described in ATBOI2ZB. Only essential
elements are highligad here.

BfG German Federal Institute of Hydrology

CAPPI Constant altitude plan position indicator

CSlI Critical Success Index

DE Germany

DPC Italian Department of Civil Protection

ECMWF European Centre for MediusRangeWeather Forecasts
EFOV pixel Extension Field Of View

ENAV Italian air navigation service provider

FAR False Alarm Ratio

FMI Finnish Meteorological Institute

illustrates the flow chart of the AMSH / MHS processing chain.

AMSLUA (~48 km) AMSUA (~16 km CloudRadiation

Database from@RM
+ a RTM, used to tr.

the Neural Networ

. Limb and surfag l PRECIPITATIC
Re;ampllngAl\/l_Sl:A to correction base — RATE
MHS grid on Neural
Network T

Retrieval algorithrr]
based on a Neura
MHS 16 km) Network

Figure2: Flow chart of the AMSWMHS precipitation rate processing chain.

The first step is to enhance the resolution of the AMSWNage by extracting higbpatiat
frequency content from thdHS image and implementing fusion. Then a number of manipulations
are applied to report the viewing geometry changing across the image, to vertical viewing. The
precipitation retrieval process is based on a Neural Network.

In the initial product releaséhe Neural Network had been trained by selected radars of the
NEXRAD network. In the current release the Neural Network is trained by a -Radiation
Database (CRD) built by applyingRadiativeTransfer Model (RTM) to simulated cloud systems
derived ly a Cloud Resolving Model (CRM).
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1.3 Main operational characteristics

The operational characteristics BfIN-MHS are discussed in PUH@2. Here are the main

highlights.

The horizontal resolution £X) is the convolution of several features (sampling distatiegree of
independence of the information relative to n
agreed to refer to the sampling distance between two successive product values, assuming that they
carry forward reasonably independent infotim@ The horizontal resolution descends from the
instrument Instantaneous Field of VieWQV), sampling distancepixel), Modulation Transfer
Function MTF) and number of pixels to garocess for filtering out disturbing factors (e.g. clouds)

or improving accuracy. It may be appropriate to specify both the resolikassociated to
independent information, and tlsampling distanceuseful to minimise alising problems when

data have to undertakesamplinge.g., for ceregistration with other data).

AMSU-A and AMSUB/MHS have constant resolution with frequency (different for AMSU8

km at nadir, and AMSLB/MHS, 16 km at nadir), degrading acressan 80 x 150 and 27 x 50 kin
respectively, at the very edge of scan). Lower resolution AMSdhta areresampledover the
AMSU-B/MHS grid by means of bilinear interpolation. The product resolution corresponds to the
nominal resolution of MHS, varying with théewing scan angle from 16 x 16 Kmcircular at

nadir to 26 x 52 krh/ ovate at scan edge. The sampling distance also varies with viewing scan
angle and corresponds to the sampling geometry of MHS (1.1 degrees), which corresponds to 16
km at nadir.

Theobserving cycle) is defined as the average time interval between two measurements over the
same area. lgeneralthe area is, for GEO, the disk visible from the satellite, for LEO, the Globe.

In the case of FEAF we refer to the European and AfncareagLAT 60°S - 75°N, LON 60°W-

60°E). In the case of LEO, the observing cycle depends on the instrument swath and the number of
satellites carrying the addressed instrument.

Due to a defective channel of AMSA on MetOpA, this satellite was not udein the previous
versions ofP-IN-MHS. In P-IN-MHS MetOp-A is used because the software handles the channel
correction using a neural network approach. It is important to notePthdtMHS provide
precipitation observations at times complementary AN®BA-SSMIS, that utilises SSMIS on
DMSP satellites. Nominally, there are four DMSP satellites, but because of overlapping orbits,
narrow instrument swath, and several instruments defectively operating, the effective number is
equivalent to three (F16, Fland F18). The sequencelafcal Satellite Timel(ST) at the equator

is shown in next table:

Satellite Launch End of service | Height| LST Status Instruments foP-INMHS
MetOp-A () 19 Oct 200¢ expectec® 2018 | 817 km| 09:31 d| Operational AMSUA (defective), MHS
MetOp-B 17 Sep 201] expected? 2023|817 K 09:30 d| Operational AMSUA, MHS
NOAA18 20 May 2004 expected? 2016 | 870 km| 14:00 a| Operational AMSUA, MHS
NOAA19 (+*) 6 Feb 200y expected? 2016 | 870 km| 14:00 a| Operational AMSUA, MHYdefective)

(**) NOARA9 still used: defect of MHS stable, small impact on precipitation retrieval.
(***) MetQA is use-INMHS(ver. 2.4) software handles the corruptddiSihel
Tablel: Current status of NOAA anilletOp satellites (as of April 2017)

Thetimeliness &) is defined as the time between observation taking and product available at the
user site assuming a defined dissemination mean. The timeliness depends on the satellite
transmission facilities, the anability of acquisition stations, the processing time required to
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generate the product and the reference dissemination means. In the cas8A&f tHe
dissemination tool iEUMETCast.

After adding the processing time we ha¥e 0.5 h
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2 Validation strategy, methods and tools

This section presents the Validation ReportHO2B product.

2.1 Validation team and work plan

To evaluate the satellite precipitation product accuracy, a Validation Group has been established by
the beginning of the Validation Phasethe HSAF project.The Precipitation Product Validation

team is composed of experts from the National Meteorological and Hydrological Institutes of
Belgium, Bulgaria, Germany, Hungary, Italy, Poland, Slovakia, and T(ilkeyle2). Hydrologists,
meteorologists, and precipitation ground data experts, coming from these countries are involved in
the product validation activitigg able3).

Precipitation Products
Validation Group: Italy (DPC)

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

Table2: Structure of the Precipitation products validation team

Validation team for precipitation products

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

Gianfranco Vulpiani Dipartimento Protezione Civile (DPC) | Italy gianfranco.vulpiani@protezionecivile.
Alexander Toniazzo | Dipartimento Protezione Civile (DPC) | Italy alexander.toniazzo@protezionecivile.

Emanuela Campione | Dipartimento Protezione Civile (DPC) | ltaly emanuela.campione@protezionecivilg
Emmanuel Roulin Institut Royal Météorologique (IRM) Belgium | Emmanuel.Roulin@oma.be
Pierre Baguis Institut Royal Météorologique (IRM) Belgium | pierre.baguis@meteo.be
National Institute of Meteorology ar
Eram Artinian Hydrology (NIMH) Bulgaria | eram.artinian@meteo.bg

National Institute of Meteorology anc

Hristo Chervenkov Hydrology (NIMH)

Bulgaria | Hristo.Tchervenkov@meteo.bg

|
Hungarian Meteorological Servi(

Marta Di6szeghy (OMS2Z) Hungary | dioszeghy.m@met.hu
Hungarian Meteorological Servi(

lldik6 Szenyan (OMS2Z) Hungary | szenyan.i@met.hu
Department of Physics and Astronon

Federico Porcu' University of Bologna (UniBo) Italy federico.porcu@unibo.it
Institute of Meteorology and Waty

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

Rafal Iwanski Management (IMWM) Poland | Rafal.lwanski@imgw.pl
Slovak Hydrometeorological Institu

J&§n KaR8§8k [(SHMU) Slovakia | jan.kanak@shmu.sk
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Slovak Hydrometeorological Institu|
oOubosl av O} (SHMU) Slovakia | luboslav.okon@shmu.sk
Ahmet Oztopal Istanbul Technical University (ITU) Turkey | oztopal@itu.edu.tr

Table3: List of the people involved in the validation of 8AF precipitation products

The Precipitation products validation programme started with a first workshop in Ro& J2de

2006, soon after the-SAF Requirements Review (Z& April 2006). The firsactivity was to lay

down the Validation plan, that was finalised as first draft early as 30 September 2006. After the first
Workshop, other ones followed, at least one per year to exchange experiences, problem solutions
and to discuss possible improvemaeritthe validation methodologies. Often the Precipitation
Product Validation workshop are joined with the Hydrological validation group.

The results of the Product Validation Programme are reported in this Product Validation Report
(PVR) and are publisheih the validation section of the-BAF web page. A new structure and
visualization of the validation section of$AF web page is in progressdonsiderthe user needs.

This validation web section is continuously updated with the last validation resdltstadies
coming from the Precipitation Product Validation Group (PPVG).

In the Validation Workshop hosted Bfovensky Hydrometeorologicky Ustav Bratislava, 2622
October 2010 itwas decided to introduce several Working Groups to solve specific it#fms
validation procedure and to develop software used by all members of the validation cluster. The
coordinators and the participants of the working groups are members of the PPVG or external
experts of the institutes involved in the validation activitiResults obtained by the Working
Groups are here reported.

2.2 Validation objects andssues

The products validation activity has to serve multiple purposes:

1 to provide input to the product developers for improving calibration for better quality of
baseline products, and for guidance in the development of more advanced products;

1 to characterise the product error structure in order to enable the Hydrologiickitioa
programme to appropriately use the data;

1 to provide information on product error to accompany the product distribution in an open
environment, after the initial phase of distribution limitedtothesol | ed fAbeta user

Validation is obviouslya hard work in the case of precipitation, both because the sensing principle
from space is very much indirect, and because of the natural -Specevariability of the
precipitation field (sharing certain aspects with fractal fields), that places sawgpérg) problems.

It is known that an absol inthe HSAFprojeat thel validaidnésr e n c
based on comparisons of satellite products with ground data: radar, rain gauge and radar integrated
with rain gauge. During the Dewwment phase some main problems have been pointed out. First
of all, the importance to characterize the error associated to the ground data used by PPVG.
Secondly to develop software for all steps of the Validation Procedure, a software available to all
the members of the PPVGhe radar and rain gauge Working Group (WG) have been composed in
order to solve these problems. The first results obtained by the working groups are reported in the
following sections In addition to the radar and rain gauge WG oiW& have been composed on:
integrate various sets of precipitation data souiicegaingauge network, radar network, NWP
models outputs and climatological standards into common precipitation product, which can describe
the areal instantaneous and cumulapedcipitation fields(INCA -WG) and to investigate the
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opportunity to create geographical maps of error distribution for providing informaticeson
catchments to the Hydrological Validation Gr@EO MAPT WG).

In CDOR3, with the release of more th&0 products over the MSG full disk area, the Validation
Cluster had to develop new methodologies to compare precipitation estimates on almost global area
coverage. The Associated Scientist analysis (H_AS16 03 DPC/CNRAC 2016) has been
identifiedthe DPR(Dualfrequency Precipitation Radashboard of GPMCO (Global Precipitation
Measuremeni Core Observatory¥atellite as worthynstrumentreference for the estimation of
precipitation on a global scalln particular, the 2ADPR NS V05 was considered as most suitable
product for potential use within theBIAF Precipitation Product Validation activity.

For more details, refer to the AS documertittp://hsaf.meteoam.it/documents/visiting
scientist/Final_Report_Stefano_Sebastianelli.pdf

In the next2.3 and 2.4 sections the validation methodologies together to ground data and DPR
products used as reference to perform the comparison between satellite precipitation estimates, are
described.

2.3 Validation methodologyrespect to groundeference data

From the beginning of the project it was clear the importance to define a common validation
procedure in order to make the results obtained by several institutes comparable and to better
understand their meanings. The main steps of this methodology have been identified during the
development phase inside the validation group, in collaboration with the product developers, and
with the support of ground data experts. This common procedureveasrige to a single common

code for all members of the PPVG, named Unique Common Code (UCC). This common validation
methodology is based on ground data (radar and rain gauge) comparisons to jarggustatistic
(multi-categorical and continuous), andse study analysisBoth componentsldrge statistic and

case study analysigye considered complementary in assessing the accuracy of the implemented
algorithms. Large statistics helps in identifying existence of pathological behaviour, selected case
studies are useful in identifying the roots of such behaviour, when present.

The main steps of the validation procedure are:

ground data error analysis: radar and rain gauge;

point measurements (rain gaugegatial interpolation;

up-scaling of radar dataevsusAMSU grid;

temporal comparison of precipitation products (satellite and ground);
statistical scores (continuous and muliegorical) evaluation;

= =4 =4 4 -4 -2

case study analysis.

2.3.1 Ground data and tools used for validation

Both rain gauge and radar data haeen used for HIB validation. As said in the previous section

during the Precipitation Product Validation Workshop held in Bratislav220ctober 2010 it has

been decided to set up Working Groups to solve specific items of the validation procedtoe and
develop software used by all members of the validation cluster. A complete knowledge of the
ground data characteristics used inside the PPVG has been the first item of the working groups; this
IS necessary to understand the validation results and toedidfe procedure to select the most
reliable data to represent a fAground referen
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Working Group on rain gauge, radar and ground data integration are reported in the Ehetpter
a complete inventory of the ground data used within the PPVG.

o m <7
Figure3: The network of8,404rain gauges used for43AF precipitation products validation

The rain gauge networks of PPVG is composed of approxim@4€l§ stations acros8 Countries

(Figure 3). A key characteristic of such networks is thistance between each raingauge and the
closest one, averaged over all the instruments considered in the network and it is a measure of the
raingauge density. Instruments number and density are summarthedatiowing Table4.

Country Total number of gauges * Average minimum
distance (km)
Belgium 92 15.2
Bulgaria 123 25.2
Germany 2,299 12.9
Hungary 270 17.0
ltaly 2,934 11.3
Poland 540 24.0
Slovakia 911 13.6
Turkey 1,235 26.5

* the number of raingauges could vary from day to day due to operational
efficiency within a maximum range of -16%.
Table4: Number and density of raingauges within-BAF validation Group

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

71 C-band radars (Figure 4) are used by th&l-SAF PPVG for @sessing the satellite product
accuracy. An inventory on radar data networks and products used in PPVG has pointed out that all
the institutes involved in the PPVG declared the system are kept in a relatively good status and all
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of them apply some correoti factors in their processing chain of radar data. Only the radar data,
which passes the quality control of the owner Institute, are used by the PPVG for validation
activities. Please note that the Validation procedure is the same for all countriesGf PPV

Pt AT

- . 2w m POt N ’ Josort
Figure4: The networks of71 Gband radars available in the HSAF PPVG

Instruments number and average minimum distameach countrare summarized ifable5.

Average minimum

Country Total number of radar distance (km)
Belgium 1 -
Bulgaria - -
Germany 16 163
Hungary 4 190

Italy 22 141
Poland 8 186
Slovakia 4 137
Turkey 16 253

Table5: Number and density ofadarsused by theH-SAF validation Group

2.3.2 Common procedure for the validation

The UCC developed by PPVG during CDQRNd improved in CDOR has been used to validate
satellite data respect to radar anith gauge data considered as ground reference.

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

Taking into account quality index information
The UCCconsidersa quality index for each radaixel. This quality information was used for
validation purposesinceCDOP2.

Selection of the RADAR data 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 (so no satellite file can be validated with RADAR file of the following or preceding month,
even if closer in time), because validation is provided on monthly ba#iere is no RADAR file

within 20 minutes from a satellite file, this is not validated.

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

A grid in which every cell is centred around an IFOV is constructed, so that all thepeelarare
assigned to a certain cell, and the satellite measurement is validated with the average of the radar
pixels falling into the corresponding cell.

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

Calculation of corresponding satellite and RADAR rain rate values

For each single satellite file, a separatesaogling procedure reads the look up table and assigns to
each satellite pixel the RADAR rain rate average calculated fronvahees of the radar pixels
belonging to the satellite pixel in the look table.

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

The flag indicating if thesatellite pixel is coast, land or sea is matched to each satatlie data

pair calculated in this step.

2.3.2.2 Common procedure for the validation with RAIN GAUGE data

Selection of satellite pixels falling into the region of interest:

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

Selection of rain gage data synchronous with the satellite ones
Gauges with different cumulation intervals are 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 gaugeata:

All partners of the Validation Group have been used the same interpolation technique, named
GRISO, to get spatially continuous rainfall maps (over 5x5 km grid) from individual gauge
measurements.

The GRISO technique is the interpolation methodsehdor the common validation.
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Taking into account quality index information
GRISO technique produces a quality index map for each instantaneous acquisition. This quality
information was used for validation purposes in CDOP2.

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

2.3.3 Techniques to make observation comparable

From the first Validation Workshop in 2006 it has been decided thatdhgarison bveen
satellite product and ground data has to be on satellite nativésgnerally,one or two rain gauges

are in aAMSU/MHS pixel, butradar instruments provide many measurements within a single
satellitepixel. For thisreasonan upscaling technique is necessary to compare radar data with the
HO2 precipitation estimations on the satellite native grid.

The precipitation data in the retrieval produdO2B) is based on the instruments AMSUand

AMSU-B or MHS flown on NOAA andMetOp satellites. These cresack scanners provide

images with constant angular sampling across track, that implies that the IFOV elongates as the

beam moves from nadir toward the edge of the sHam elongation is such that:

1 for AMSU-A the IFOV at nait is: 48 x 48 km, at the edge of the 2250 km swath: 80 x 150
km?;

1 for AMSU-B and MHS the IFOV at nadir is: 16 x 16 knat the edge: 27 x 50 Kmn

HO2B follows the scanning geometry and IFOV resolution of AMB$can, so that each pixel
along the scan lsaa precipitation value representative for an elliptical re¢geenext figure.

2 y=scan direction
x=direction of flight W
y z=vertical on the FOVn ) -_-,’L" ":_,._ =B
@ L v g

= ::( -'-»)-_-_: <2 FOV-4S
&7 B
4\» T FOVa..
FOV-2
FOV-1

Figure5: Geometry of crosdrack scanning for AMSIB/MHS

2.3.3.1 Average of hires ground validation data

Radar instruments pvide many measurements within a single AMSU pixel. Those measurements
should be averaged following the AMS®antenna pattern.

% Establish the size in km of the axis for each elliptic FOV. You will have N=90 couples of
values Fxn, Fyn)
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% Define a 2dimensional Gaussian surface (mat@{\NxN)), having resolutiorR (pixel size)
ROr adar r and elliptical section at half high having axix{, Eyn) equal to the
correspondent FOV (i.&xn = Fxn andEyn = Fyn, see figures below; notéat if the Radar
resolution is 1km, 1px=1km)

A

M [magnitude]

M [magnitude]
oS
>

Figure6: Left) Gaussian filteg Right) section of gaussian filter

% If the matrix NxN is too large, it can be reduced theK matrix until the pixels (1,C),
(C,1), (N,C), (C,N) ar¢ess than (C,C)/100

1,1 (& 1,0 (é (LN) é 0.24 é
0.25
(é
é
(C,1) (C,C) (C.N) 0.23/ 0.25 é | 25 | é | 0.25| 0.23
e
( é
0.25
(N,1) (é (N,C) (é (N,N) é 0.24 é

Table6: Left) Original Gaussian matrixRight)Reduced matrix to dimensions MxK

% Normalize the matrix G (MxK) obtaining the matr& 6having the sum of all elements
equal to 1:

G(m, K)
MK,
a as(mk

m=1k =1

G'(m k) =

2.3.3.2 Smoothing of radar precipitation

For each FOV and for each SCANLINE in the fi#02B, make the gaussian filter overlapping
radar data so that the central pixel (Cc8Gjresponds toH02at, HO20n) and the y axis has the same
direction of the scanline.

Mul tiply each el ement of G 0 RRunignh(fat,lon))y and sumdhe e s t
products:
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M K
RRv = aAG(mB RRs
m=1k =1

Following this procedure,it is obtained, for each FOV and SCANLINE, a val&Riow.
RRiow(FOV,SCANLINE) which represents the matrix of validation used versus ANBSU
estimates.

This scheme has been suggested by the prewmpitdevelopers of CNRSAC and it has been
adopted by the PPVG.

2.3.3.3 Temporal comparison of precipitation intensity

Taking to account therevisiting time of theH02B (3,4 hours) it was decided (during the first
validation workshop in 2006) to perform a diremimparison between the satellite and radar
precipitation intensity maps. The revisiting time of the product does not allow to have a sensible
accumulated precipitation map o+24 hours.

In the PPVG the satellite product is compared with the closestic@alpd) radar and rain gauge data
in time. The satellite time is considered the time in the BUFR file, provideGMYIET, when
validation area is first reached.

2.4 Validation methodology respect t®PR products

As thevalidation with respect to ground dagventhis methodology was developed in communion
with European expertselonging tahe VC. But, differently from the first one, thisnst performed
by all countries bubnly by Italian DPC becauseall DPR products are freely available from GPM
website

The main steps of the validation procedure are:

1 regriddng of DPRand HSAF data versus a regular 0.5° edistance grigd
1 temporaland spatial matching betweprecipitation products;
i statistical scores (continuous and muahtegorical) evaluation;

The methodology as the previous onproduce large statistic (multi-categorical and continuous
scores.

2.4.1 DPR productsised for validation

The spatial coverage of both rain gauge and ground radar networks is not suitable to detect
precipitation on a globakcale. At the contrary, satellite observations provide estimates on a
synoptic scale, although there are some issues related to their acduraay.discussed in the
Visiting Associated analysis in comparison with ground radar netwbhlke. DPR is aDual
frequency Precipitation Radkrcated on board of the GPM Core Observatéigure?). It useshe

Ka (~35 GHz) and&u bands (~13 GHZp construct threglimensional prepitation and drop size
distribution maps The GPM Core Observatory flies in a msumnsynchronous orbit at 65
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inclination to cover a larger latitudinal extension with respect to the TRMM orbit, which extended
from 35S to 35N. Both Ku- and Kaband radas perform cross$rack type scans (perpendicular to

the direction of the satellite motion) estimating the precipitation during the day and the night over
land and ocean. The Kaand radar performs a normal scan (M&juisition modé¢hat is composed

by 49 potprint (IFOV) of 5 km in diameter. In fact, away from the scanning center, footprints tend

to widen and overlap (edge effects) because of a geometric distortion. The term swath indicates the
width of each scan of 245 km. The range resolution is 250h@K&-band radar can perform a
matched scan (MS) or a high sensitivity scan (B&)juisition modeThe MS footprints match the
central 25 footprints of th&u-band and the range resolution is 250 m. Therefore, MS scan is
composed of 25 footprints of 5 kin diameter and the swath is 1RB. WhenKaband radar
operates in HS mode footprints are interlaced with the matched beams, the range resolution is 500
m and there are 24 footprints along a swkigureshows the different DPR scanning modes with
respetthe flight direction.

It must to be noted that the range resolution is different from the spatial resolution. In fact, the
sampling is carried out for 19 km above the sea level and then along the vertical there are many
footprints of 250 m height (rangesolution). In addition, footprint size decreases as the sampling
height increases due to the antenna aperture. The sampling distance between the centers of two
adjacent footprints is 5.2 km, and it is constant throughout the scan to the edges. Aptimerthe
problems which affects the DPR estimatbs main issues deal with the attenuation and the ground
clutter. The kband radar estimates are affected by attenuation when they sample through very
intense precipitations (convective cells). Ground clutea normeteorological echo which causes

an overestimate of precipitations.

DPR productglevel 2A) referred to single frequency radar are-RA, 2A-Ka-MS and 2AKa-HS,

as showed ifrigure8. Three different DPR products combining Ka and Ku bands precipitation rate
estimates (prEs) also exist depending on the IFOV to which data are referred. The IFOV can be
related to the NS kiand, or to the MS or HS Klaand, and thearresponding DPR products for

prEs are 2ADPR-NS, 2ADPR-MS and 2ADPR-HS, respectivelyResults of Visiting Associated
activity highlight as2A-DPR-NS productperforms bettemwith respect to grounbased radar
estimatesFor this reason, thprEs by 2A-DPR-NS product(hereafter also referred as DNS)

was used as precipitation reference to validate H8AR satellite precipitation products.
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GMI:
10-183 GHz

DPR: |
Ku—Ka bands .

~ \ Flight direction
P
2 1

KuPR
O KaPR (Matched beam)
KaPR(High sensitivity beam)49

DPR consists of:
Ku-band (13. 6 GHz2) radar: KuPR and
Ka-band (35.5 GHz) radar: KaPR

Figure8: Different DPR scanning modes with respeotthe flight direction.
TheNormal Scan corresponds tdka-band radar,
whereas matched and high sensitivity scans are performeddayband radar.
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2.4.2 Common procedure for the validatiowith DPRNS

The comparisonbetween DPRNS and HSAF precipitation products is performed followitige
procedurebelowdescribed

Selection of synchronousta (first check)

DPR filenames contain the orbit start and finish time, while HSAF filenames detect the acquisition
start time inside the area of interest. Only files with consistent time intervals are considered and
evaluated to avoiime-consuming useles®mputation.

Data re-gridding over regulargrid

Both, DPR and FSAF data are rgridded over the same eegistance 0.5° grid. All satellite
parametefcontinuous)values are averaged over the new grid éall. discrete parameters (such as
sea/coast/land flag @redpitation phase flag) the most frequent value is considered.

Temporal and spatial matching betwebatwo regriddeddata
DPR and HSAF gridded dateaare matched in time and in spa@mnly overlapping grid cells with
maximum time difference within 15 minutes are stagad evaluatetbr statistical scoranalysis

2.5 Large statistic

The largestatisticalanalysis allows to point out the existenake pathologicalbehaviour in the
satellte product performanceélhe application of the same validation technique step by istep
guaranteedn all institutes take part of the PPV&hd in both validation methodologies above
described.

The large statistical analysis in PPVG is based on the evabratof monthly and seasonal
Continuous verificationand Multi -Categorical statistical scores on orfall year of datalt was
decided to evaluate both continuous and ruategorical statistgto give a complete view of the
error structure associated ttte HSAF product Since the accuracy of precipitation measurements
depends on the type of precipitation or, to simplify mattersthe intensity, the verification is
carried oubn threeprecipitationclassessdescripted imrable?.

Precipitation 1 2 3
RateClasses 01 mm/h O 5mm/h 010 mm/h

Table7: Classes for evaluating Precipitation Rate products

The impact of different background also consideredin the product performanceStatistical

scores are separatedpmputedfor land, sea and coast are@ke PrecipitationProductValidation

Leader collects all validatioresults as computed liguropearinstitutes verifies the consistery of

these results and evaluates the monthly and seasonal common statistical assudgorted in
Chaptenb.

2.5.1 Continuous statistics

Continuous statistics are provatléor each month and season of assessment. The main statistical
scores are here listed:

Score Acronym | Range i Calculation
score

Number of satellite) NS NA. NA. NA.

samples




G EUMETSAT Product Validation ReportPVR02B | Doc.No: SAF/HSAPVRO2B/1.2

H SAF (Product HO2R P-IN-MHS Date:21/05/2019

Page27/115
Score Acronym | Range PEEE Calculation
score
Number of radar/rain NR NA. NA. NA.
gauge samples
Mean Error or Bias ME -k G20 ME =%é\(satk - obs)
k=1
Mean Absolute Error . 1N
MAE n uz2 |0 MAE:ﬁalsatk-ObsKI
k=1
Standard Deviation P 1N >
SD n a2 1o sb= 58 (sat, - obs, - ME)
k=1
N
MBias lé sat,
. N
Multiplicative Bias or MB -k U221 MB = 1 =
o]
or Bias —a obs,
N 1
Root Mean Square Error RMSE ol W
(or Root Mean Squar n G2 |0 RMSE = |=§ (sat, - obs, )’
_ RMSD i
Difference)
(':();)"’;Ct'ona' Standard  Errd o nodz2 |o FSE = [RMSE / <obs>] *100%
Table8: Continuous statistics scores
In the Table 8, the index AkO represents the spati al

common r ef e roRSH c ea rSgto irBgresent theobserved (or estimated)rainfall
respectively byeferenceand satellite sensors.

2.5.2 Multi Categorical statistics
Multi categorical statistics are derived by the following contingency table:

Observation
yes no total
yes hits false alarms | forecast yes
Satellite no misses correct negatives forecast no
total observed yes observed no total

Table9: Multi-categorical statistics contingency table

where:

hit: SakO R and ObgO R
miss: Sat<Rn and ObgO R
false alarm: SakO R and Obg<R

correct negative:  Sak<Ru and Obg<Ri

Rnisthet hr eshol d bet ween dorfdidonsiiderdiiied loy a precpitatiomv@aluer a i r
of 0.25 mm/hfor HO2B.

The scores evaluated from the contingency table are:
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Score Acronym | Range PEEE Calculation
score

Probability of _ hits _ hits

POD = =
Detection POD Oto1 1 hits +misses observedyes
False Al R FAR 1 FAR = falsealarms _ falsealarms

alse Alarm Rate Oto 0 hits +falsealarms forecastyes

Critical ~ Succes hits

CSl=
Index CSi Otol 1 hits + misses+falsealarm

Table10: Multi-categorical statistics scores

2.6 Case study analysis

Eachinstitute, in addition to the large statistierification produces a case study analysis based on
the knowledge and experience of thestitute itself following a standard formatsbelowreported

The institute decides whether to use ancillary data such as lightning data, SEVIRI images, the
output of numerical weather prediction amulvcastingporoducts.

The main sections of the standard format are:

description of the meteorological event;

comparison of groundada and satellite products;

visualization of ancillary data;

discussion of the satellite product performances;

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

Case study analysarereportedn Chapterd.

= =4 =4 -4 -9




H SAF (Product HO2R P-IN-MHS Date:21/05/2019

G EUMETSAT Product Validation ReportPVR02B | Doc.No: SAF/HSAPVRO2B/1.2
Page29/115

3 Ground data used for validation activities
3.1 Introduction

In the following sections the precipitation ground data networks used in the PPVG are described:
radar andrain gauge data the following countries: Belgium, Germany, Hungary, Italy, Poland,
Slovakia, and Turkeit is well knownthat radar and rain gaugaimfall estimation is influenced by

several error sources that should be carefully handled and characterized before using these data as
reference for ground validation of any satelbtesed precipitation products.

In this chapter a description of the gnol data available in the PPVG is reported country by
country. chapter has the object to provide ground data information and to highlight their error
sources.

3.2 Ground data in Belgium (IRM)
3.2.1 Radar Data
The network

Belgium is well covered with three radars (sEgure 9). Further radar is currently under
construction in the coastal region.

N L L L I B .
C j/ THE METHERLANDS ;

Figure9: Meteorological radar in Belgium

The instruments

These are Doppler,-Band, single polarization radars with beam width of 1° and a radial resolution
of 250 m. Data are available at 0.6, 0.66 and 1 km horizontal resolution foWiteumont,
Zaventem and Aesnoisradars respectively.

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

Data processing

First, a longterm verification is performed as the mean ratio betweemdth radar and gauge
accumiation for all gauge stations at less than 120 km from the radar. The second method consists
in fitting a second order polynomial to the mean 24 h (8 to 8 h local time) radar / gauge ratio in dB
and the range; only the stations within 120 km and whererbdtr and gauge values exceed 1 mm
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are taken into account. The third method is the same as the second but is perfelimediging

the 90 telemetric stations of the SETHY (Ministry of the Walloon Region). Corrected 24 h images
are then calculated. Newatiods for the merging of radar and raingauge data have been recently
evaluated Goudenhoofdt and Delob®009Y.In this report, only instantaneous radar images are
used.

3.3 Ground data in Bulgaria (NIMH)
3.3.1 Rain gauge

The network

The maximum number of avallle manually measured daily accumulated rain gaugests 8@0,
irregularly distributed over the country. These stations are measured every day at 6:30 UTC by
emptying the collected in the past 24hours rain.

The hourly measuring automatic rain gauges\arying on daily basis and range from 70 units to

130 units. Number of stations is varying mainly because in winter months not heating gauges data is
discarded from the operational database when air temperature drops below 0° C. Other specific
measuremdrerrors that are detected by the operators as funnel clogging, sensor failure etc.

The average minimum distance between closest stations is about 20 km. Most dense network of
automatic gauges is built in Soeu@entral Bulgaria where a number of Européamded projects
permitted to purchase and install more than 50 telemetric gauges. Spatial distribution of automatic
gauges is described in (Naldzhiyan et al., 281@he of main objectives was tonsidermountain
structures because of the need to measnowfall accumulation in winter 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. This objective is reached in central and South
Bulgaria butmuch less in Western and Eastern parts of the country.
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Figurel0: Spatial distribution of automatic telemetric gauges in Bulgaria (NIMH)
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In following figure the distribution of working stations over Bulgaria is shown.
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Figurell: Distribution of the automatic stations of the Bulgaria network collected by NIMH.

The instrument$ hourly measuring rain gauges:

% About 50 raingauges are of weighing type so they can measure snowfall without heating;
however some of them have orifice heating (where 220V supply is available). Examples of
such sensors are Vaisala VRG101, SEBA TRW 26@rm SUTRON TPG

% About 80 raingauges are of tipping bucket type so they need 220 V supply to switch on the
heater in winteconditions, however half of them are installed beside rivers so 220V supply
is not available; The sensors types are mostly SEBA RG50, DEDAM 400cn? and
MTX 400 cn?

% Most of the raingauges have a minimum detected quantity of 0.1 mm, others have 0.2 mm.

% The maximum rain rate (with acceptable quality) that can be measured by the gauges ranges
between 33 and 120 mhover one minute, depending on the manufacturer.

The rainrate is measured over 1 minute dnAdour accumulation intervals depending on the
hardvare specifications.

At the moment, the NIMH officially provides only daily data from manually measured rain gauges.
Shorter accumulation times could be available for scientific studies but not publicly distributed.

The data processing

Quiality control isperformed on the data, after daily visual comparison check, but only on YES/NO
basis. When rain sensor fails it may be seen in few days or not be seen by the operators specially
when it doesnod6t rain.

For NIMH internal usage hourly accumulated rain distaconverted into 3 h sums and then
interpolated using a kriging technique to 8 km regular grid. The method also incorporates the 24h
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accumulated data from manually measured tin cans, thus enhancing the spatial and vertical quality
of the field (Artinian ¢al., 2007).

ForHSAF validations a subset of countryds auto
of the much denser network in Sou@lentral Bulgarid an area of about 34000 knOther parts of

the country have much sparse gauge netwal&t from which is not suitable to be interpolated
using the GRISO technique.
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Figure 12: The area in Bulgaria used for8AF validation with hourly accumulated rain data

3.4 Ground data in Germany (BfG)

The HSAF products are valated for the territory of Germany by use of two observational ground
data sets: SYNOP precipitation data based on the network of synoptical stations, provided by the
German Weather Service (DWD) and RADOLARW - calibrated precipitation data based oa th
radar network of DWD and calibrated by DWD by use of measurements at precipitation 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 16 German rada 1 hour, | Nearreat | Quantitative radar  composi
RW sites, time product RADOLAN RW (Rada
~1 km x ~1 km data after adjustment with th
weighted mean of two standa
procedures)

Tablell: Precipitation data used at BfG for validation of-8AF products

3.4.1 Rain gauge

The network

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

17 km.

SINLIAYElFYyS 9@ SG X wnntyY aaz2RStEtAy3a GKS gl GSN) 6dzR3IS
the water budget and the riverflows of the Maritsa basin in Bulgaria. Hydrology and Earth System Sciences. 12.
10.5194/hessed-4752007.
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The instruments

The measurement instruments are precipitasensors OTT PLUVIO of Company ©ft They
continually and precisely measure quantity and intensity of precipitation in any weather, based on
balance principle with temperature compensation (heated funnel) and by an electronic weighing
cell. Theabsolute measuring error is less than 0.04 mm for a 10 mm precipitation amount and the
long-term (12months) stability is better than 0.06 mm. The operating temperature rangéds from
30°C to +45°C. The minimum detected quantity (sensitivity) is 0,05 fifie maximum possible
measured rain rate is 3000 mhThe operational accumulation interval theoretically is one
minute.

The data processing

Continuous, automatic measurement of liquid and solid precipitation data are collected,
accumulated (intervalstdm 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

3.4.2 Radar data

Radarbased reatime analyses of hourly precipitation amounts for Germ@#&DOLAN) is a
guantitative radar composite product provided in {meat time by DWD. Spatial and temporal
high-resolution, quantitative precipitation data are derived from online adjusted radar measurements
in reattime production for Germany. Radar dat& calibrated with hourly precipitation data from
automatic surface precipitation statiohs.

4 http://www.ott.com/web/ott_d e.nsf/id/pa_ottpluvio2 vorteile.html?OpenDocument&Click=

5 Precipitation amount and intensity measurements with the Ott Pluvio, Wiel Wauben, Instrumental Department,
INSAIO, KNMI, August 26, 2004

6

http://www.dwd.de/bvbw/appmanager/bvbw/dwdwwwDesktop? nfpb=true& windowLabel=dwdwww_main_book&T1460994925114492118088
1lgsbDocumentPath=Navigation%2FWasserwirtschaft%2Féndeeistungen%2FRadarniederschlagsprodukte%2FRADOLAN%2Fradolan___node.ht
mi%3F _nnn%3Dtrue&switchLang=en& pagelabel=_dwdwww_spezielle nutzer forschung fkradar



http://www.ott.com/web/ott_de.nsf/id/pa_ottpluvio2_vorteile.html?OpenDocument&Click=
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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The combination of hourly point measurements at the precipitation stations with tmeirivie
interval radar signals of the 16 weather radar88&Gd Doppler)provides gaugadjusted hourly
precipitation sums for a ~1km x ~1km raster for Germany in a polar stereographic projection.

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

Miinchen |4 8 A 11A 10871 | Rostock 54 A 12A 10169
1466 |460606 35606 [|33066

Frankfurt |5 0 A 08 A 10630 | Ummendorf |52 A 11A 10356
25060 |3400 39606 |38066

Hamburg |5 3 A 09 A 10147 | Feldberg 47 A 08A 10908
1966 |520606 280606 |1866

Berlin- 52 A 13° 23] 10384 | Eisberg 49 A 12A 10780

Tempelhoff 4 3606 [1700 29060 |15060

Essen 51A 06 A 10410 | Flechtdorf 51A 08 A 10440
220606 |0500 43606 (126606

Hannover |5 2 A 09 A 10338 | Neuheilenbacl 5 0 A 06 A 10605
47606 |540606 38606 |5966

Emden 53A 07A 10204 | Turkheim 4 8 A 09 A 10832
220606 |3000 1066 |0200

Neuhaus |5 0 A 11A 10557 | Dresden 51A 13A 10488
03606 |1000 3166 (1166

Tablel2: Location of the 16 meteorological radar sites of the DWD

Radarverbund des DWD mit 150 km Radie

n
R P

-

Figurels: (left) radar compound in Germany (March 2011frigurel6: (right) location of ombrometers for online
calibration in RADOLANquares: hourly data provision (about 500), circles: evdmatsed hourly data provision
(about 800 stéions)7.
The flowchart of online calibration method applied in RADOLAN is depictdéignrel7

7 Bartels, H.: Projekt RADOLAN. Routineverfahren zur Galieichung der Radarniederschlagsdateit Hilfe von
automatischen Bodenniederschlagsstationen (Ombromet#&ischlussbericht 2004




















































































































































































































































