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1 Purpose of the document

Product User Manuals are available for each (opgrational HSAF product, for open users, and also for
demonstrational products, as necessary theta-users

Each PUM contains:

T

Product introduction: principle of sensing, Satebitutilized, Instrument(s) description, Highlights of the
algorithm, Architecture of the products generation chain, Product coverage and appearance;

Main product operational characteristiclorizontal resolution and sampling, Observing cycle and time
samging, Timeliness;

Overview of the product validation activity: Validation strategy, Global statistics, Product
characterisation;

Basic information onnoduct availability: Access modes, Description of the code, Description of the file
structure.

An annex o provides general information on$AF.

2

Introduction to productP-IN-GRUSEVIRI

2.1 Principle of sensing

Product HO3B P-IN-GRUSEVIRDbver the full disk area)s based on the IR images from the SEVIRI
instrument onboardof Meteosat satellites.
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Figue 1. TheP-IN-GRUSEVIRtoverage 60°35°N , 60°W 60°E The HSAF area is indicated by the red square
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The product is generated at the 4Bin imaging rate of SEVIRI, and the spatial resolution is consistent with
the SEVIRI pixe KS LINPOS&daAiy3d YSiK2R A& OIFffSR awlLAR ! LR
The SEVIRhannel utilised foP-IN-GRUSEVIRE 10.8mm. The calibration ofs£Q @quivalent blackbody
temperatures)in term of precipitation rate by means of MW measurements (supposedly accurategsmpli

the existence of good correlation betweenssTand precipitation rate. This is fairly acceptable for
convective precipitation, less for naronvective. Nevertheless, Rapid Update is currently the only
operational algorithm enabling precipitation ratestemates with the time resolution required for
nowcasting In addition, frequent sampling is a prerequisite for computing accumulated precipitation
(productP-AGG-SEVIRI

2.2 Status of satellites and instruments

P-IN-GRUSEVIRtloes not retrieve precipitabn from MW sensors. MMWilerived precipitation data come
from SSMIS (utilised by INNOBASSMIE and AMSEA and MHS (utilised bp-IN-ONNAMSLU); it is not
excluded the use of precipitation estimations from other MW instrument¥he current status of the
satellitespossiblyto be utilisal for P-IN-GRUSEVIRE shown inTablel.

. : : Instruments for
Satellite Launch End of service | Height| LST Status PIN-GRUSEVIRI

DMSPF16 18 Oct 2009 expected? 2016|833 km| 21:32 a Secondary Opation SSMIS
DMSPF17 4 Nov 2006 expected? 2016|850 km|17:30 & Primary Operation SSMIS
DMSPF18 18 Oct 2009 expected? 2016|850 km| 17:31 a] Primary Operation SSMIS
MetOpA 19 Oct 2004 expected? 2018|817 km| 09:31 d Operational AMSUA (defective), MHS
MetOpB 17 Sep 201] expected? 2023|817 Kn 09:30d Operational AMSUA, MHS
NOAA18 20 May 2005 expected® 2016|870 km| 14:00 & Operational AMSUA, MHS
NOAA19 6 Feb 2009 expected? 2016|870 km| 14:00 & Operational AMSUA, MHS (defective
GCOMW 18 May 2017 expected® 2016|700 km| 13:30 & Operational AMSR2
NPP 28 Oct 2011 expected? 2020|824 Km 13:30 a| Operational ATMS
Meteosat10 5 Jul 2017 expected? 2022| GEO:0° Operational SEVIRI

Table2 collects the main features of SEVIRI.

Tablel: Current status of satellites potentialljilised for RIN-GRUSEVIRI

As mentioned, SSMIS,-AMBI MHS are notikkctly

entered in theP-IN-GRUSEVIRgeneration chain, thus are not described here. Descriptions of 3t
of AMSUA and MHS can be found in the Product User Manuals-B1Bffor P-INNOBASSMIpand PUM

02B (for P-IN-ONNAMSU [Note: AMSLB is no longer used f&*IN-ONNAMSU.

Table2 - Main features of SEVIRI

SEVIRI Spinning En&inced Visible Infided Imager

Satellites MeteosaB, Meteosdl, Meteosal0, Meteosdtl(i.e., Meteosat Second Generation)
Status Operational Utilised in the period: 2002 to ~ 2021

Mission Multipurpose imagery and wind derivation by ttaglisgrad water vapour features

Instrument type Multipurpose imaging VIS/IR radionigt@hannels (11 narmamdwidth, 1 higésolution broad

bandwidth VIS)

Scanning technique N/A (GEO)

Coverage/cycle Full disk every 15 niimmited areas in espondingly shorter time intervals

Resolution (s.s.p.) |4.8 km IFOV, 3 km sampling for narrow channels; 1.4 km IFOV, 1 km sampling for broad

Resources

Mass: 260 kg Power: 150 WData rate: 3.26 Mbps
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Central wavelength

Spectral interad (99 % encircled energy

Radiometric accuracy (SNR oANE)

N/A (broad bandwidth chanr 0.6-0.9 pm 4.3 @ 1 % albedo
0.635 pm 0.56-0.71 pm 10.1 @ 1 % albedo
0.81 um 0.74-0.88 pm 7.28 @ 1 % albedo
1.64 um 1.50-1.78 um 3@ 1 % albedo
3.92 ym 3.48-4.36 pm 0.35 K@ 300K
6.25 pm 5.357.15 pym 0.75 K@ 250 K
7.35 um 6.85 7.85 um 0.75K @ 250 K
8.70 um 8.30-9.10 um 0.28 K@ 300 K
9.66 um 9.38-9.94 um 150 K @ 255 K
10.8 ym 9.80-11.8 pm 0.25 K @ 300 K
12.0 ym 11.0-13.0 ym 0.37 K@ 300 K
13.4 ym 12.4-14.4 ym 180K @ 270K

2.3 Highlights of the algorithm

The baseline algorithm foP-IN-GRUSEVIRprocessing is described in BOFO3. Only essential elements

are highlighted here.

The blendingechnique adopted foP-IN-GRUSEVIRA &
et al. 2000. Key to the RU blended satellite technique is a real time, underlying collection of time and
spaceintersecting pixels from operational geostationary IR imagers and LEO MW sensors. Rain intensity

Ol fttSR

awl LA R

' LRIk S

maps derived from MW measurements are usedcreate global, gedocated rain rate (RR) andsel
(equivalent blackbody temperature) relationships that are renewed as soon as ndvcated data are

available from both geostationary and MW instruments. In the software package these relationships ar

called histograms To the end of getocating histogram relationships, the globe (or the study area) is

subdivided in equally spacdal-lon boxes (2.5°%2.5°). As new input datasets (MW and IR) are available in

the processing chain, the MMerived rainrate pixels are paired with their time and spaceincident
geostationary 10.&im IR Egs data, using a IBninute maximum allowed time offset between the pixel
observation times.

The main inputs to the RU procedure are:
1 geclocated equivalent blackbody tegperatures (&g observed by the GEO platform;
1 rain-rate maps that, in principle, can arise from any satelitssed MW data and algorithm;
1 observation geometry (satellite zenith angle).

The package can be subdivided into four main parts, namely:

1) pre-procesing: preparation and prprocessing of GEO data; ingest of rain rate maps at the LEO
spacetime resolution. To allow the proper initialization of the statistical relationships the input
data must be collected for a time window that start several hourfoteethe study period.
According to the present constellation of M@duipped satellites, the parameter MAXHOURS is
currently set to 24 h;
2) co-location: coelocated GEO and LEO observations are collected for the selected study area and
accumulated from newedgo oldest;
3) setup of gealocated statistical relationships applying the probability matching technique;

1 Turk J.F., Rohaly J. Hawkins, E.A. Smith, fM8rzanqg A. Mugnai and \L.evizzari
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4) assign rain rate to each GEO pixel: production of-rai@ maps at the GEO spatime
resolution.

2.4 Architecture of the products generation chain
The achitecture of theP-IN-GRUSEVIRbroduct generation chain is shown kiigure2

SSMASSMIS >

~ 3hourly sequencg
of MW observation

AMSUMHS >
v
Lookup table;  —— PRECIPITATIO
updating ”| Rapidupdate[——» RATE
SEVIRI »| algorithm
15min image

Figure2 Flow chart of the LEO/MWAGEO/IRblending precipitation rate processing chain
The archtecture of the producf-IN-GRUSEVIRhat includes:
f 6KS wlILAR !'LIRFEGIS LINRBOSaa olFlaSR 2y O0FNBIljdsSyidov {9
derived precipitation data as retrieved from SSMPSN-OBASSMIpor from AMSEA and MHSH-IN-
ONNAMSU;

2.5 Product coverage and@pearance

Figure3 shows a SEVIRI image, in its native projection, and the processing areawft-IN-GRUSEVIRI
The input area include3712lines x3712 columns.

Figure3 SEVIRI image in thE0.8mm channel- Meteosat-10, day27 Apr 2017, time 09D0UTC
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Since data are delivered coded (in GRIB2) as values in grid points of known coordinates (those of the SEVIRI
LWEStf 40X GKS LINRRdzOG OFly 68 LI 20 SIRof prgbluct stfodvn inJNR 2 S
Figured is in the projection actually used in thengfiles on the web sitesectangular stereography centred
on0°N,0°E The represented area is a fraction of the total processed area. Obviouslyatheeguences

are generally visualised as animations atdib intervals.

EUMETSAT H-SAF PR-OBS-3

Instantaneous Rain Rate retrieved from IR-MW blending data

NI | | P

0 ] 10 15 20 25 30

m 2OIT Mary 27 1606:47 | Prodution SATELLITE AREA COMET algoritrm FIAL SHIt— ADEUMETSAT-—

Figure4: 2017-05-27 15:30 UT(Example of product HO3B P-IN-GRUSEVIRIGreycolour means ZERO RAIN, white
colour means NOT PROCESSED.
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3 Product operatioral characteristics

3.1 Horizontal resolution and sampling

Thehorizontal resolutionfX). The horizontal resolution descends from the instrument Instantaneous Field

of View (IFOV), sampling distance (pixel), Modulation Transfer Function (MTF) and numbelsabpie

process for filtering out disturbing factors (e.g. clouds) or improving accuracy. The IFOV of SEVIRI images is
4.8 km at nadir, and degrades moving away from nadir

3.2 Observing cycle and time sampling

Theobserving cycle/f) is defined as the avage time interval between two measurements over the same
area. In the case oP-IN-GRUSEVIRhe product is generated soon after each SEVIRI new acquisition, Thus
the observing cycle i& = 15 min and the sampling time also 1% min

3.3 Timeliness

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
availability of acquisition stations, thgrocessing time required to generate the product and the reference
dissemination meansFor P-IN-GRUSEVIRIthe time of observations is-3 min before each quarter of an

hour, ending at the full hour. To this, ~ 5 min have to be added for acquisitionghEUMETCasind ~ 5

min for processing &EOMETthus: timelinesg/~ 15 min

4 Product quality assessment

4.1 Quality assessment

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

truth or with something assumedda & i RIBESRUBEVIRIlas any other HBAF poduct, is submitted to
continuous quality assessment and validation activity entrusted to a number of instituteEi(pae5).

Precipitation products validation group
Leader: Italy (DPC)
1

1
Belgium
IRM

Germany
BfG

1
Hungary
OMSZ

Italy
UnBo

Poland
IMWM

1
Slovakja
SHMU

1
Turkey
ITU

Figureb: Structure of the Precipitation products validation team

Precipitation data are compared with rain gauges and meteoradbgradar. Before undertaking
comparison, ground data and satellite data have been submitted to scaling and filtering procedures. Two
streams of activities are carried out:

1 evaluation of general statistioggnulti-categorical and continuous), to help ireittifying existence of
pathological behaviour

9 selected case studies, useful in identifying the roots of such behaviour.

Detailed report of the product validatio activity for productP-IN-GRUSEVIRIs provided as following
document:

1 PVRO3B Product Validtion Report folP-IN-GRUSEVIRI
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4.2 Product Accuracy

User requirements for precipitation observation have been stated by authoritative entities such as WMO,
EUMETSAT and the GPM planning group. Those requirements are based on the Fractional Standard Error
(FSE%) or Adjusted Fractional Standard Error AFSE as statistical score evaluated on open classes of
precipitation as expressed by the table below:

Threshold Target Optimal

Changing with precipitation type: Changing with precipitation type: Changing with precipitation type:
T 90 % for > 10 mm/h, 1 80% for > 10 mm/h, T 25% for > 10 mm/h,
T 120 % for 1-10 mm/h, T 105% for 1-10 mm/h, T 50% for 1-10 mm/h,
1 240 % for <1 mm/h 1 145% for <1 mm/h 1 90% for <1 mm/h

Table3 H-SAF Accuracy req@ments forHO3B(Overall Accuracy)

5 Product availability

5.1 Terms of Use
All HSAF products are owned by EUMETSAT, and the EUMETSAT SAF Data Policy applies.

All intellectual property rights of the 8AF products belong to EUMETSAT. The use of these priglucts
granted to every interested user, free of charge. If you wish to use these products, EUMETSAT's copyright
credit must be shown by displaying the words "copyright (year) EUMETSAT" on each of the products used.

5.2 General Information
To access the 48AF prducts the user must register at the -$AF Official Web Portal

http:/hsaf. meteoam.it/ F N2 Y G KAOK Ald Aa LREEAONBRIZDII 0By a2ER
allows users to access data as described hatewing.
1) Access to data produced in the last 60 days must be made by the OffiSAFH-TP server
ftp://ftphsaf.metecam.it (to obtain user and password, please submit registration form e®AHR
Official Web Pdal or contact the help desk ats_hsaf@meteoam)itand via EUMETCAST, a multi
service dissemination system based on standard Digital Video Broadcast (DVB) technology (for
more informationhttp://www.eumetsat.int/).
2) The access to the archived data must be performed through an order process. There are two ways
to place an order:
a. the first (link) is a basic function provided directly from th&AF Web Portal. It provides
basic functions to carry out orders by selecting one or more products and setting for each
selected product an expected time range;
b. The second functiorhttps://eoportal.eumetsat.int/ allows access to EUMEAT Data
Centre. A registration to EUMETSAT portal is required. The EUMETSAT Data Center offers
advanced functions of management and control of orders, among which the possibility to
make geographical selection of products, to make the cloning of ordedstcamonitor the
status of the orders.
In Both cases the orders placed will be submitted for approval and will be delivered within three
working days.

Finally, quickooks of the latest 20 maps can be viewed as PNG images or as an animated slideshew on th
H-SAF Web Portal.


http://hsaf.meteoam.it/
ftp://ftphsaf.meteoam.it/
mailto:us_hsaf@meteoam.it
http://www.eumetsat.int/
https://eoportal.eumetsat.int/
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5.3 Formats and codes

Two type offiles are provided foP-IN-GRUSEVIRI
9 the digital data, coded in GRIB2
1 the imagelike maps, coded in PNG

On the ftp serveryf 0 KS  RutilNg0F 2 IN& SribT dedodRpEoMides the instructiongor reading
the digital data.

5.4 Description of the files
Product P-IN-GRUSEVIRIs the Precipitation rate at ground by GEO/IR supported liyO/MW, also

identified as HO3BThe table below shows the detailed information to access the product using-8%H
FTP servefftp://ftphsaf.meteoam.it)

P-IN-GRUSEVIRData

Description

Content: Precipitation rate at ground by GEO/IR supported by LEO/MW

Repository root directory: ftp://ftphsaf.meteoam.it/products/h03B
hO3B_yyyymmdd_hhMM_fdk.grb.gz

Namespace description
1 yyyymmdd: year, month, day
1 hhMM: hour and minute

Digital Dat a:

Suffix for f
Suffix for Image Data: @A.pn

P-IN-GRUSEVIRDigital Data

Subrepository /h03_cur_mondata (data of last 60 days)

File name h03B_yyyymmdd_hhMMfdk.grb.gz
Example:
ftp://ftp hsafmeteoam.it/products/hOB/h03_cur_mon dataéh03B 20150210 151Xdk.grb.gz

P-IN-GRUSEVIRImage Data

Subrepository /h03_cur_mon_pngdata of last 60 das)

File name h03B_yyyymmdd_hhMMfdk.png
Example:
ftp://ftp hsafmeteoam.it/products/hOB/h03_cur_mon_png/h0B 20150210 151Xdk.png

Table4: Summary instructions for accessifgIN-GRUSEVIRdata


ftp://ftphsaf.meteoam.it/
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5.5 Output description

TheP-IN-GRUSEVIRbutput is encoded as a GRIB2 (please refer to WMO GRIB2 format documentation
available at www.wmo.int), with the following keys:
GRIB2
/* gribSectionO */
/* 3 = Space products (grib2/0.0.table) */
discipline,3
editionNumber,2
/* section 1 */
/* 80 = Rome (RSMC) (grib1/0.table) */
identificationOfOriginatingGeneratingCentre,80
identificationOfOriginatingGeneratingSubCentre,0
/* 3 = Current operational version number implemented on 2 November 2005 (grib2/1.0.t&ble)
gribMasterTablesVersionNumber,3
/* 0 = Local tables not used (grib2/1.1.table) */
versionNumberOfGribLocalTables,0
/* 3 = Observation time (grib2/1.2.table) */
significanceOfReferenceTime,3
/* 3 = Observation time (grib2/1.table) */
significanceOfReferenceTime,3
year,
month,
day,
hour,
minute,
second,
/* 1 = Operational test products (grib2/1.3.table) */
productionStatusOfProcessedData,1
/* 6 = Processed satellite observations (gfib2.table) */
typeOfProcessedData,6
/* 0 = Specified in Code table 3.1 (grib2/3.0.table) */
sourceOfGridDefinition",
numberOfDataPoints] 3778944
numberOfOctetsForOptionalListOfNumbersDefiningNumberOfPoints,0
/* 0 = There is noppended list (grib2/3.11.table) */
interpretationOfListOfNumbersDefiningNumberOfPoints,0
/* 90 = Space view perspective orthographic (grib2/3.1.table) */
gridDefinitionTemplateNumber,90
/* 3 = Earth assumed oblate spheroid with major anhor axes specified by data producer (grib2/3.2.table) */
shapeOfTheEarth,3
scaleFactorOfRadiusOfSphericalEarth,0
scaledValueOfRadiusOfSphericalEarth,0
scaleFactorOfMajorAxisOfOblateSpheroidEarth,4
scaledValueOfMajorAxisOfOblateSphdiearth,63781400
scaleFactorOfMinorAxisOfOblateSpheroidEarth,4
scaledValueOfMinorAxisOfOblateSpheroidEarth,63567550
numberOfPointsAlongXAXss,12
numberOfPointsAlongYAXas,12
latitudeOfSubSatellitePoint,0
longitudeOfSubSatellite Pati,0
/* 0 = 00000000
(3=0) i direction increments not given
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(4=0) j direction increments not given

(5=0) Resolved-and v components of vector quantities relative to easterly and northerly directions
See grib2/3.3.table */

resdutionAndComponentFlags,0
apparentDiameterOfEarthinGridLengthsInXDirection",3622
apparentDiameterOfEarthInGridLengthsInYDirection",3568
xCoordinateOfSubSatellitePoint",764000
yCoordinateOfSubSatellitePoint",1774000

/* 0 = 00000000

(1=0) Points of first row or column scan in the +i (+x) direction
(2=0) Points of first row or column scan in they) direction
(3=0) Adjacent points in i (x) direction are consecutive
(4=0) All rows scan in the same direction

See gib2/3.4.table */

scanningMode,0

orientationOfTheGrid,0
altitudeOfTheCameraFromTheEarthSCenterMeasuredinUnitsOfTheEarth,6610700
xCoordinateOfOriginOfSectorimage,0
yCoordinateOfOriginOfSectorimage,0

/* grib 2 Section 4 PRODUCT DEHRONTSECTION */
numberOfCoordinatesValues,0

/* 30 = Satellite product (grib2/4.0.table) */
productDefinitionTemplateNumber,30

/* 1 = Quantitative products (grib2/4.1.3.table) */
parameterCategory,1

/* 0 = Estimated precipitation (km-2) (grib2/4.2.3.1.table) */
parameterNumber,0

/* 8 = Observation (grib2/4.3.table) */
typeOfGeneratingProcess,8
observationGeneratingProcessldentifier,3
numberOfContributingSpectralBands,1

/* grib 2 Section 5 DATA REPRESENDMSIECTION */
numberOfValuesl 3778944

/* 0 = Grid point data simple packing (grib2/5.0.table) */
dataRepresentationTemplateNumber,0
decimalScaleFactor,0
numberOfBitsContainingEachPackedValue,16

/* 0 = Floating point (grib2/5.1able) */
typeOfOriginalFieldValues,0

/* grib 2 Section 6 BFMAP SECTION */

/* 0 = Bit map is present in this product (grib2/6.0.table) */
bitMaplndicator,0

missingValue,0.0

/* grib 2 Section 7 data */

/* grib 2 Section 8 ENB
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Annex 1 Introduction to HSAF

The EUMETSAT Satellite Application Facilities

H{! C Aa LINIL 2F GKS RAalGNO dzi ERopearLDdfanifation fortife I NP
Exploitation of Meteorological Satellites (EUMETSAT) ¢ KS | LILJH SeQrheitAcBngists DNR dzy
éCentral Application Facilites t 20F G SR G 9! a9¢{! ¢ | SI RI GadteNitét SNA =
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development and operational activéts to provide satellitelerived data to support specific user
communities (se&igureb):

»
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METEOROLOGICAL PRODUCT SATELLITEAPPLICATION
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Figure6: Conceptual scheme of the EUMETSAT Application Ground Segment
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Figure here followinglepicts the composition of the EUMETSAT SAF network, with the indication of each
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@ HsAF NWC SAF
Support to Operational Hydrology and Water Management 5 R - T, Support to Nowcasting and Very Short
Led by halian Meteorological Institute 2 5 > Range Forecasting
Led by Agencia Estatal de Meteorologia,
Spain
@ ROM SAF & 0sISAF

Radso Occultation Meteorology
Led by Danish Meteorological institute

Ocean and Sea lce
Led by Météo France
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@ ACSAF 4 APPLICATION ol " CMSAF

FACILITIES

0Ozone and Atmospheric Chemistry Monitoring

{ Climate Monitoring
Led by Finnesh Meteorlogical Institute

J  Led by Deutscher Wetterdienst, Germany

& LSASAF

Land Surface Analysis
Led by Portuguese Meteorological Institute

- NWP SAF

Numerical Weather Prediction
Led by Met Ofice (UK)

Figure7: Current composition of the EUMETSAT SAF Network

Purpose of the FSAF
The main objectives of-BAFare:

a. to provide new satellitederived productdrom existing and future satellites with sufficient
time and space resolution to satisfy the needs of operational hydrology, by generating,
centralizing, archiving and disseminating the identified products:

1 precipitation (liquid, solid, rate, accumulated);
1 soil moisture (at largescale, at locascale, at surface, in the roots region);
1 snow parameters (detection, cover, melting conditions, water equivalent);

b. to perform independent validation of the usefulnesd the productsfor fighting against
floods, landslides, avalanches, and evaluating water resources; the activity includes:

1 downscaling/upscaling modelling from observed/predicted fields to basin level,

9 fusion of satellitederived measurements with data fnmo radar and raingauge
networks;

9 assimilation of satellitelerived products in hydrological models;

1 assessment of the impact of the new sateHiterived products on hydrological
applications.






