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1 LY {iNRRdAzOUA2Z2Y

1.1 Purposeof the document

The purpose of the document is to provide a report of #gineering aspects of thel SAF
operationsfor the first and secondgemesterof 2021 (from 01/01/2021 to 31/12/2021It includes
performance statistics dl SAperational productsThe results of quality assessment and hydro
validation of operational productsre also included ceving the period from01/06/2020
31/05/2021

1.2 Document overview
Thefollowing sections compose the present document

Section2: the overview of the object of the report is provided;pected performances and
monitored products are the object of the overview

Section3: operationsoverview:the performances of the system are reported, in terms of products
availability, archivingdissemination angroblems reporing.

Sectiond: the dza SféeBback received from the communities and from the web.site
Sections: The HSAF produdquality assessmerior covering the period 01/06/2026 31/05/2021

To be noted: the Hydrovalidation Report is delivered as a separate dedicated set of Documents
(Hydrovalidation Report)
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2 hLISNY GA2ya 20SNBASSH
2.1 Operation commitments: the service specification

Referencefor the operations is theH SAFService Specificatn (current baseline release
SAF/HSAF/SeSplb).

An overview of the operations commitments is reported in this section, for a clear view of the
expected product performances.

2.2 Referenceperiod
The Operation Report covergoth the semesters of the year, reflected in followimgme
convention:

SAF_HSABDPRep<YYY¥ S <v> <>

where<YYY¥is the year<x>the semester¢r semesters, if bothof the year <v>version and<r>
the revision

The period of observation is related to system performance (e.g. dissemination, archive, statistics
on user accesses etc.).

The scientific aspects éf SAFEannot be monitored with the same frequency as the engineering
ones, due to specific reasons, suahthe need of cover a complete snow season for a significant
quality assessment of snow products, or the duration of a consistent hydrovalidation campaign: this
implies that onlyat mid-year these aspects are included in the report.

Current report 2021 S1/S2) covesfollowing periods:

Operations aspect in this report Covered period

Engineering aspects (system performances) from 01/01/2021to 31/12/2021

Quiality Assessment and Hydrovalidation impact| 01/06/2020¢ 31/05/2021

2.3 Products list

The tablelists all products with operational or prgperational status for the entire period under
review.

Identifier [ Acronym | Name Type Operational Status history

Precipitation products

HO1 new | PROBS1 | Precipitation rate at ground by NRT Operational since July 2013
rel. new rel. MW conicalscanner
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Identifier [ Acronym | Name Type Operational Status history
Precipitation rate at ground by NRT Operational since October 2019
HO02B PROB=2B
MW crosstrack scanners
Precipitation rate at ground by NRT i )
HO3B PROBS3B - Operational since Apr019
GEOI/IR supported by LEO/MW
Accumulated precipitation at NRT i ) i
HO5B PROBS5B - Operational since April 2019
ground by blended MW and IR
Blended SEVIRI Convection areg NRT Pre-operational since midune 2015
H15A PROBS6A | / LEO MW Convective
Precipitation
Precipitation rate at ground by NRT -Operational sinc&ebruary 2020
H18 P-IN-ATMS
MW cross track scanners
Soil Moisture products
Smaliscale surface soil moisturg NRT Preoperational since H SAF
HO08 SMOBS2
by radar scatterometer Development Phase
Hi6 SSQ/'N/??STCAT Metop-B ASCAT NRT SSM orbi NRT Operational since June 2016
0125 geometry 12.5 km sampling
SSM ASCAT Metop-A ASCAT NRT SSM orbi NRT Operational since June 2016
H101 ANRT :
0125 geometry 12.5 km sampling
H102 ssM AscA] Metop-A ASCAT NRSBM orbit NRT Operational since June 2016
A NRT O25| geometry 25 km sampling
H103 ssM AscA] Metop-B ASCAT NRT SSM orbi NRT Operational since June 2016
B NRT O25| geometry 25 km sampling
Soil Moisture Profile Index in the NRT Operational since June 2012
roots region retrieved bgurface
H14 SMDAS2
wetness scatterometer
assimilation method
Snow products
Snow detection (snow mask) by NRT Operational since November 2011
H10 SNOBS1 .
VIS/IR radiometry
Snow status (dry/wet) by MW NRT Operational since midDecember 2013
H11 SNOBS2 .
radiometry
Effective snow cover by VIR NRT Pre-operational since November 2012
H12 SNOBS3 .
radiometry
Snow water equivalent by MW NRT Operational since November 2012
H13 SNOB%4

radiometry
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Identifier [ Acronym | Name Type Operational Status history
H31 SED- Snow detection for flat land NRT Operational in H SAF since February
SEVIRI (snow mask) by VIS/NIR of SEV 2019 (previously operational in LSA SA
SEG Snow detection for flat land NRT Operational in H SAF sinEebruary
H32 AVHRR (snow mask) by VIS/NIR of 2019 (previously operational in LSA SA
AVHRR
SED- Snow detection (snow mask) by NRT Pre-operational since June 2021
H34 VIS/IR radiometry covering full
SEVIRI ,
MSG Disk
Effective snow cover by VIS/IR NRT Pre-operational since Jun2021
H35 ESeH AVHRR

Tablel: H SAFoperationabr preoperationaproducts list
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2.4 Commitments related to Product Requiremerdad NRT Production
Operational Other Spatial
ID Product Name Acronym | Satellite Input | Operational | Format P Spatial Resolution Threshold Accuracy | TargetAccuracy Optimal Accuracy
Coverage
Data Input Data
SSMI ang SSM/I  (on Resolution changing | Changing with Changing with Changing with
SSMIS ol DMSP15) H SARrea | with precipitation type:| precipitation type: precipitation type: precipitation type:
HO1 Precipitation rate at PROBSL DMSP (SSMI d and AMSRE extended to| 30 km in average w GE: F2N|jw ym: T2N blw Hp: FT2N
lnew ground by MW conical | DMSP unti| (on EOS| BUFR | Africa and | Sampling: 16 km @ MHJFEFEOT2Nw mnpZlo Ml §w  p sE-10Tm2nik)
el | scanner NEW T | Nov. 2011¢ no Aqua) southern mm/h, w Mnpz F2N dw dE: F2NI
longer Atlantic W HNUmE: F2N
available)
AMSUA and H SAE area| R€SOlUtion changing | RR > 1 mm/h FSE% 5 RR > 1 mm/h FSE% = 15| RR > 1 mm/h FSE%
AMSU/B on along the scan: varying oggo 100%
extended to 0 0
NOAA (up to : from 16 x 16 km2 /
Africaand | .
Precipitation rate at NOAALT) southern circular
HO2B | ground by MW cross PROBS | AMSU/A and BUER | Atlantic: at nadir to 26 x 52 kmZ
2B MHS on . / oval at scan edge
track scanners LAT 60°S
Metop-A (and 75°N, Sampling 16 km
MetQpB when LON 60°W
available) and 60°E
NOAA 18/19
H SAF area| Resolution changes | RR > 1 mm/h FSE% 3 RR > 1 mm/h FSE% = 15/ RR > 1 mm/h FSE%
SEVIRI on MS ext_ended to| across the Full Disk | o004 100%
Precipitation Africa and | from 3 km near the
Precipitation rate at PIN | rate eﬁ round southern sub-satellite point to 8
HO3B | ground by GEO/IR 9 GRIR2 | Atlantic: km on average over
SEVIRI | by MW (e.g. P .
supported by LEO/MW LAT 60°S | Europe.
IN-SSMIS, N- .
MHS) 67.5 N'O Samplingdependent of
Ié(?o'\é 60°W | SEVIRI IFOV
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Operational Other Spatial
ID Product Name Acronym | Satellite Input | Operational | Format P Spatial Resolution Threshold Accuracy | TargetAccuracy Optimal Accuracy
Coverage
Data Input Data
H SAF areg Resolution: ~ 30 km | RR > 1 mm/24h FSE| RR >1 mm/24h FSE% { RR > 1 mm/24h FSE
with Sampling: 5 km in = 200% 150% =100%
extension average
Precipitation to Africa | Sampling dependent @
Accumulated P and SEVIRI IFOV
L P-AG rate at
HO5B | precipitation at ground GRIR2 | southern
SEVIRI ground (e.g. -
by blended MW+IR PIN-SEVIR Atlantic:
1 LAT 60°S
67.5°N,
LON 60°W
60°E
Precipitation Resolution changing | Changing with Changing with Changing with
rate a:j ) cross Europe: 8 km in | precipitation type: precipitation type: precipitation type:
Blended SEVIRI ﬁﬂrs\f?eg éR average w pE: F2N|w ym: FT2NJ B |lw Hpl: F2NJ
i EVIRI M : ina: i - . .

H15a | Convectiorarea/LEO | PROBS S on MS OBSL PR |GRIR | H SAF area| S2MPIing: 5 km in © MHEH0F2Nw M pzl0 ) N  p es-10Tem)
MW Convective 6A average mm/h
Precipitation 0OBS2) : ! w Mnp: FT2N qw drE: F2NI

Convective Samplilg dependent of| o, gz F2 N
cloud Mask SEVIRI IFOV
(NEFODINA)
PIN-SSMIS Resolution changing | RR > 1 mm/h FSE% = 200% RR > 1 mm/h
L (HO1), AN- MSG Full along the scan: varying
Precipitation rate at RN MHS (H02B) dusok: LAOT from 15.8 x 15.8 km2 /

H18 |ground by MW cross ATMS PIN-ATMS | NetCDF | 60°S- 75°N, | circular at nadir to 30 X

track scanners (H18), H LON 80°W | 8.4 km2 / oval at scar

AUX17, H 80°E edge

AUX20
Smaliscale surface soil Resolution resulting | Correlation coefficient| Correlation coefficient Correlation coefficien

HO8 | moisture by radar SMOBS | ASCAT on SAR imagen| BUFR | H SAF area from_dlsaggregatlon (CC): 0.50 (CC): 0.65 (CC): 0,80
2 Metop starting from 25 km
scatterometer 2
Sampling: 0.5 km
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Operational Other Spatial
ID Product Name Acronym | Satellite Input | Operational | Format P Spatial Resolution Threshold Accuracy | TargetAccuracy Optimal Accuracy
Coverage
Data Input Data
Horizontal resolution: | Correlation coefficient| Correlation coefficient Correlation coefficien
Soil Moisture Profile Values 25km o (CC): 0.50 (CC): 0.65 (CC): 0,80
. N Vertical resolution: 4
Index in the roots in grid layers in te range
Hi4 |'S91ON retrieved by SMDAS | ASCAT on SAFH/HL6 points Global surface t02.89m: layer
surface wetness 2 Metop ona
. 1 (07cm), layes2 (7-
scatterometer Gaussia
assimilation method grid 28cm), layes (28
100cm) and layed
(100-289cm).
Meton-B ASCAT NRT SSM Resolution: 284 km x [ Signal to noise ratio: ( Signal to noise ratio: 3 dB Signal to noise ratio:
oo ASCAB | ASCAT on 2534 km dB dB
H16 | SSM orbit geometry NRT | Metop B BUFR | Global Spatial sampling: 12.5
12.5km sampling 0125 K T
Meton-A ASCAT NRT SSM Resolution: 284 km x | Signal to noise ratio: ( Signal to noise ratio: 3 dB Signal to noise ratio:
elop-/. ASCAT | ASCAT on 25-34 km dB dB
H101 [ SSM orbit geometry NRT | Metop A BUFR Global Spatial i 125
; patial sampling: 12.
12.5 kmsampling 0125 K
Metop-A ASCAT NRT SSM ASCAT o Eesolutlon: 50 km x 5@ dSllagnal to noise ratio: ( Signal to noise ratio: 3 dB dSll??nal to noise ratio:
H102 [ SSM orbit geometry 25| ASCAA Metop A BUFR | Global m _ _
km sampling NRT 02§ p Spatial sampling: 25 ki
Metop-B ASCAT NRT SSM ASCAT o Eesolutlon: 50 km x 5@ dSllagnal to noise ratio: ( Signal to noise ratio: 3 dB cSig;nal to noise ratio:
H103 | SSM orbit geometry 25( ASCAB Metop B BUFR | Global m _ _
km sampling NRT 024 P Spatial sampling: 25 ki
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Operational Other Spatial
ID Product Name Acronym | Satellite Input | Operational | Format P Spatial Resolution Threshold Accuracy | TargetAccuracy Optimal Accuracy
Coverage
Data Input Data
SEVIRI pixel resolutior] POD: POD: POD: 99 %
and grid Flat/Forested areas: | Flat/Forested areas: 85 % FAR: 5 %
80 % Mountainous areas: 70%
Snow detection (snow SEVIRI on MS( (l;/loizntamous areas. Egsiiorested areas: 1%
H10 | mask) by VIS/IR SNOBSL | Meteosat9 HDF5 H SAF area . . R
; FAR: Mountainous areas: 20%
radiometry .
Flat / Forested areas:
20 %
Mountainous areas:
30%
Hit Rate (HR): 60 % | Hit Rate (HR): 80 % Hit Rate (HR): 90 %
Resolution: ~ 20 km
H1p | Snow stats (drywet) | o npe, | AMSRE on HDF5 | H SAF area False Alarm Rate | False Alarm RaAR): 10| False Alarm Rate
by MW radiometry EOSAqua Samolina: 20 km
piing: (FAR): 20 % % (FAR): 5 %
Effective snow cover by AVHRR on Resolution: * 2 km, 45% (Overall accurac) 65% (Overall accuracy) | 95%(Overall
H12 1\isir radiometry SNOBS3 I\N/Igt?)ﬁ and HDFS | H SAF areaj sampling:0.01 degrees accuracy)
Resolution: ~20km [w Cfl i k dw CflFd k C2Nlw Cfl i k (
i ing- areas: 40mm 20mm areas: 10mm
H13 Snow wate_r equivalent SNOBSA SSMIS on HDF5 H SAF area Sampling: 0.25 degreq . . .
by MW radiometry DMSP w a2dzylil Aylw az2dzylill Ay2dqw az2dzyil Ay
45mm 25mm 15mm
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Operational Other Spatial
ID Product Name Acronym | Satellite Input | Operational | Format P Spatial Resolution Threshold Accuracy | TargetAccuracy Optimal Accuracy
Coverage
Data Input Data
SEVIRI pixel resolutior] Probability Of Probability Of Detection | Probability Of
and grid Detection (POD): (POD): Detection (POD): 99
of-lat / Forested areas| ui-lat / Forested areas: 85 False Alarm Rate
80 % % (FAR): 5 %
. «Mountainous areas: | tMountainous areas: 709
Snow detection (snow SEDH 60% ]
H34 |mask) by VISINIR of | =00 | SEVIRI on MSf HDF5 | MSG disk False Alarm Rate (FAR):

SEVIRI False Alarm Rate | (|t / Forested areas: 19
(FAR): %
uflat/ Forested areast yyjountainousareas: 20%
20 %
«Mountainous areas:
30%

Snow detection (snow Resolution: ~ 8 km Flatareas: 40 % (RM9 Flat areas: 20 % (RMSE i| Flat areas: 10 %

mask) and Effective FSEH- | AVHRR (NOA/ Northern | Sampling: ~ 5 km in SCA units) SCA units) (RMSE in SCA units)

H35 GRIB2 . . . .
snow cover by VIS/NIR  AVHRR | Metop) Hemisphere Mountainous areas: | Mountainous areas: 30% | Mountainous areas:
of AVHRR 50% (RMSE) (RMSE) 10% (RMSE)

Table2: Commitments related to Product RequiremeMiain characteristics
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ID Product Name Acronym | Generation frequency Timeliness
Precipitation rate at ground by MW Up to six passes/day in tfietervals
HO1 new . p g y PROBS1 06-12 and 1824 UTC 2.5 hours
rel. conical scanner new rel. i
Observing cycle over Europe: ~ 10
o Up to six passes/day with somewh
HO2B Precipitation rate at ground by MW PIN-MHS | iregular distribution across the day 5 5 hours
crosstrack scanners Observing cycle over Europe: ~ 5 |
Every new SEVIRI image (at 15 mi
Precipitation rate at ground by P-IN- intervals) .
HO3B 15 min
GEO/IR supported by LEO/MW SEVIRI Observing cycle over Europe: 15 n
o Fourproducts (integrals over 3, 6, ]
HO5B Accumulated precipitation at ground P-AG and 24 h) every three hours (rolling 25 min
by blended MW+IR SEVIRI Observing cycle over Europe: 3 h
Every new SEVIRI image (at 15 mi
H15A Blended SE\/_IRI Conygctlpn area/ | PROBSGA | intervals) 15 min
MW Convective Precipitation ) )
Observing cyclever Europe: 15 mir
Observing cycle 12 h (on average,
lower when ATMS will be available
Precipitation rate at ground by MW : P
- | N- also on JP rregular distribution
H18 crosstrack scanners ATMS PIN-ATMS S5 iregu ISHbU I_ 1.5h
each day and across MSG full disk
region.
On completion of each orbit at 100
Smaliscale surface soil moisture by min intervals, through the intervals .
Ho8 radar scatterometer SMOBS2 07-11 and 1723 UTC 130 min
Observing cycle over Europe: 36 h
Soil IVIOiS.ture Prof”e Index in the Mode| Output at 24h intervals
H14 rootsregion retrieved by su_rfa}ce. SMDAS? | Observing cycle ~ 24 h (NWP mod| 24 to 36 hourd
wetness scatterometer assimilation o L
method assimilation / stabilisation process)
. ssM | On completion of each orbit.
H16 Meec:Snpe_tBr Alszcs-krg:r: ﬁ:M orbit ASCAB |Each orbit lasts 101 minutes 2 hours
9 y e ping NRT O12.9 (orbital period), resulting in ca. 14
_ ssM | orbits/day. Observing cycle over
H101 Mee(:?npe-fr\ Alszcg-krmN?;mSﬁr':ﬂ orbit ASCAR | Europe: 36 h (full geographical 2 hours
9 yle. piing NRT O12.9 coverage).
_ ssM | ©n completion of each orbit.
H102 Meec:?npe-jtar\ AZSSCIfr;rsl:I';\?nT ”SnSM orbit ASCAR |Each orbit lasts 101 minutes 2 hours
9 y piing NRT O25| (orbital period), resulting in ca. 14
. ssM | orbits/day. Observing cycle over
H103 Meecf?npe'ﬁ Azssclfrgsl\;ﬁsm orbit ASCAB | Europe: 36 h (full geographical |2 hours
9 y ping NRT O25| coverage).
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ID Product Name Acronym | Generation frequency Timeliness
Snow detection (snow mask) by o
tput result every 24 h
H10 VIS/IR radiometry SNOBS1 | Outpu ult every 3 hours
H11 | Show statugdry/wet) by MW SNOBS2 | Output result every 24 h 6 hours
radiometry
Output result every 24 h
H12 Effeptwe snow cover by VIS/IR SNOBS3 After each AVHRR pass, then mul 3 hours
radiometry temporal analysis for cloutiee
pixels
Output result every 24 h
H13 rSaTj?(\;vmv(\;?rt;requwalent by MW SNOB#4 | Assimilation of SSMI/S brightness | 6 hours
temperatures in a background field
Snow detection for flat land (snow SED-
Output result every 24 h
H31 | mask) by VISINIR of SEVIRI SEVIRI P y 3 hours
Snow detection for flat land (snow SEG
Output result every 24 h
H32 1 mask) by VISINIR of AVHRR AVHRR | ~"P y 3 hours
Snow detection (snow mask) by SED- o
tput It 24 h
H34 VIS/IR radiometry SEVIRI Hiput result every 3 hours
After each AVHRR pass, then mul
H3s | Effective snow cover by VIS/IR FSe4 |temporal analysis for cloutfee 3 hours
radiometry AVHRR | pixels
Output result every 24 h

Table3: Commitments related to Product Requireme@tneration frequency amomelinesgonly for NRT products)
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3 {@aGSY LISNF2NXIYyOS
3.1 Productsavailability

The availability (endo-end) of the products was evaluated through the analysis of some data
related to the production and dissemination of the products in relation to the maxinieaoretical
value. Here below a detailed description of the parameters to generate the metrics:

TheExpected Productio(EP countsthe amount of products xpected to be generatefthe results
will be shown both on a monthly and seamnual basis

The Sucessful Production(SH counts the amount of products successfully generatetd
disseminated within theexpectedtimeliness of eactNRTproduct (the results will be shown both

on a monthly and serannual basis For the offline productsthe value of tineliness will not be

taken into account for the computation of SP value. In this case the SP represents the total amount
of products generated and disseminated via FTP.

The Success RatSR is calculated as SP/HPisexpressed as a percentage value with a defined
colour code to better identify results below, above or close to the threshold of 95%usSEudeolour
code isthe following:

SR< 95% PP :SRK i dcriSRK M

3.2 EUMETCast Dissemination Timeline

Here below the detailed history of activation/deactivation of the dissemination via EUMETCast is
shown. These information are also summarize#igurel.

- HO3 and HO8lissemination via EUMETCast has been activated on 15/04/2011.

- HO1, HO2 and H10 dissemination via EUMETCast has been activated on 26/04/2012.

- HO4 and HO5 dissemination via EUMETCast has been activated on 27/03/2013; HO4
dissemination stopped since thé"®f November 2015 because H04 was declared asirodf
product on 16 of June 2015 (following the outcomes of the H SAF CDOP2 ORR1 part5 approvec
by H SAF Steering Group).

- H14 dissemination via EUMETCast has been activated on 18/04/2013.

- H11 disseminationia EUMETCast has been activated on 24/07/2014 (H11 become operational
from December 2013 and the dissemination via EUMETCast was started at the end of July
Activation of H11 dissemination via EUMETCast has been postponed due-tiesige of the
software to handle the uploading of H SAF products on the EUMETSAT FTP server. This activit
whose conclusion was scheduled for the beginning of February 2013, has suffered delays that
led to the beginning of the test for disseminating of H11 to July 2013).




Doc. No: SAF/HSAF/OpRep/2021_S1_S2
EUMETSAT OperationsReport Version: 1.0
H SAF 2020 S1/S2 Date:18/07/2022

Page23/145

- H15was officially declared as paperational on 18 of June 2015 (following the outcomes of
the H SAF CDOP2 ORR1 part5 approved by H SAF Steering Group). The trial dissemination |
been activated on theslof July 2015 with the support of EUMETSAT stéfé announcement
to the users has been published off & October 2015 and the related starting of the operative
dissemination has been activated on®aif October 2015 as final step of the trial period.

- "Snow Cover" (H31) and "EPS Daily Snow Cova?) @tclared operational on the 2&f July
2018

- HO02B was officially declared operative on thd" bf October 2019

- HO2A was dismissed on the1.@f October 2019

- HO3B and HO5B was officially declared operative from tiedtaMarch 2019

- HO3A and HO5A eve dismissed on the®1April 2019

- H18was officially declared operative from ttebruary 2020

- H34 and H3%vere officially declaregre-operationalfrom the June 2021

Product

2019 2020 2021
JFNVANJJASCNDJFNANJJASCNDJFNVANIJASCND

ID

HO1
HO2
HO1 new rel.
HO02B
HO2A new rel.
HO3B
HO3A
HO4A
HO5B
HO5A
H15A
H18
HO8
H14
H16
H101
H102
H103
H16
H101
H102
H103
H10
Hi1l
H12
H13
H34
H35

Figurel: EUMETCast Dissemination Timelingreen thelissemination period via EUMET Cast

3.2.1 Overall products generationand success rate
The following table show the overall results of products generation and performaiocehe two
semesters ofeview period.



2

EUMETSAT

Operationskeport

H SAF 2020 S1/S2

Doc. No: SAF/HSAF/OpRep/2021_S1 _S2
Version: 1.0

Date:18/07/2022

Page24/145

Whole period performance

Product Semester 2020-S1
ID Old Acronym New Acronym EP SP SR
o PROBS-L P-IN-SSMIS 0188 | 9178
H02B P-IN-MHS 17042 16958
HO3B P-IN-SEVIRI 17042 16958
HO5B P-AC-SEVIRI 5550 5434
H15A PR-OBS-6A P-IN-SEVIRI-CO | 17376 17122
H18 P-IN-ATMS 14785 14707
HO8 SM-OBS-2 SSM-ASCAT-B NRT P1S8326 8064
H10 SN-OBS-1 SE-E-SEVIRI 181 178
H11 SN-OBS-2 WS-E 181 174
H12 SN-OBS-3 FSC-E 181 180
H13 SN-OBS-4 SWE-E 181 180
H31 SE-D-SEVIRI 181 181
H32 SE-G-AVHRR 181 181
H14 SM-DAS-2 181 181
H16 SSM-ASCAT-B NRT 012.5 86880 86741
H101 SSM-ASCAT-A NRT 012.5 86880 86155
H102 SSM-ASCAT-A NRT 025 86880 86155
H103 SSM-ASCAT-B NRT 025 86880 86741
AVERAGE

Table4: Overall products generation and success(at8emeste02)
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Whole period performance

Product Semester 2019-S2

ID Old Acronym New Acronym EP SP SR
HO02B P-IN-MHS 4329 4322
HO3B P-IN-SEVIRI 17563 17488
HO5B P-AC-SEVIRI 5724 5664
H15A PR-OBS-6A P-IN-SEVIRI-CO | 17478 17440

H18 P-IN-ATMS 15543 15507

HO8 SM-OBS-2 SSM-ASCAT-B NRT PI1S8464 8201

H10 SN-OBS-1 SE-E-SEVIRI 184 178

H11 SN-OBS-2 WS-E 184 180

H12 SN-OBS-3 FSC-E 184 182

H13 SN-OBS-4 SWE-E 184 182

H31 SE-D-SEVIRI 184 183

H32 SE-G-AVHRR 184 183

H14 SM-DAS-2 184 182

H16 SSM-ASCAT-B NRT 012.5 88320 88205
H101 SSM-ASCAT-A NRT 012.5 80640 79479
H102 SSM-ASCAT-A NRT 025 88320 88205
H103 SSM-ASCAT-B NRT 025 88320 88205

AVERAGE

Table5: Overall products generation and success reg&émestep021)
Where:
f Average SOl f Odzf I (i S Rwith @1Y.n ,1n = fumAproducts)
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ThedAverage SRis the averagevalueof the Success Rates of each generation chain; this value is
not influenced by the generation frequency of the chains since the principle iglia@s have the
same weight in the computation

The following figure slow a plot of the overall value of SRs for each procarad the total average
as described before.

Success Rate (whole period)
999%  ggen 20.5% — — g 1000% —1000% 1000 9985 99.8%
— — o o5 s i e g T g = Sewm 992%  992% —
97,9% 98,3% B E
et — 96,0% iy
96,1%
—
| | | | | | | | || | ey | | | | || - | | | |
HL 028 HO3B Hose HiSA Hi8 108 HID HiL Hi2 13 1 32 Hid H16 H101 W02 1103
ew rel.

Figure2: Overall success rafper product and totalreraggi 1st SemesteP02

Success Rate (whole period)
99.9%  998%  gggy S — y 9% o
100,0% = s i B — — 97,8% 98,9% 08,9% o Sk 98,9% — 98,6% a— —
-~ 96,9% / i -3 “ F
L 96,7%
-
95%
90,0%
85,0%
80,0%
75,0%
70,0%
HOL HO2B HO3B HO58 H15A H18 Ho8 H10 H11 H12 H13 H31 H32 Hi4 H16 H101 H1i02 H103
w rel,

Figure3: Overalbuccess ratéper product and total averageyd SemesteP®1
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3.2.2EUMETCast dissemination

The product dissemination here reported is referred to the amount of products, which have been
uploaded (in and out of timeliness), by the H SAF central facilities, to EUMETSAT FTP server for tl
dissemination via EUMETCast.

Product Products disseminated via FTP
ID Old Acronym | New Acronym | 2020-01 | 2020-02 | 2020-03 | 2020-04 | 2020-05 | 2020-06 | TOT
m:vorlell Z:\'Noils"l P-IN-SSMIS 1349 | 1280 1709 1609 1643 1597 | o187
HO2B P-IN-MHS 722 564 778 738 705 708 4215
HO3B P-IN-SEVIRI 2642 | 2688 2976 2880 2976 2880 | 17042
HO5B P-AC-SEVIRI 851 868 935 916 992 960 5522
H15A PR-OBS-6A P-IN-SEVIRI-CO 2976 2644 2976 2880 2976 2828 17280
H18 P-IN-ATMS 2300 | 2270 2500 2460 2666 2589 | 14785
Ho8 SM-OBS-2  |SSM-ASCAT-B NRT pISi411 | 1288 1426 1338 1426 1341 | 8230
H10 SN-OBS-1 SE-E-SEVIRI 31 28 31 30 31 30 181
H11 SN-OBS-2 WS-E 29 28 31 30 31 30 179
H12 SN-OBS-3 FSC-E 31 28 31 30 31 30 181
H13 SN-OBS-4 SWE-E 31 28 31 30 31 30 181
H31 SE-D-SEVIRI 31 28 31 30 31 30 181
H32 SE-G-AVHRR 31 28 31 30 31 30 181
H14 SM-DAS-2 31 28 31 30 31 30 181
H16 SSM-ASCAT-B NRT 012.5 14880 28 31 30 31 30 15030
H101 SSM-ASCAT-A NRT 012.5 14850 28 31 30 31 30 15000
H102 SSM-ASCAT-A NRT 025 14850 | 13440 | 14880 | 14400 | 14880 | 14314 | 86764
H103 SSM-ASCAT-B NRT 025 14880 | 13440 | 14880 | 14354 | 14839 | 14353 | 86746

Tableb: Products dissemination via EUMETCdstSemester 202
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Product Products disseminated via FTP

ID Old Acronym New Acronym | 2020-07 [ 2020-08 | 2020-09 | 2020-10 | 2020-11 | 2020-12 TOT
ne?vorlel. 22?2‘7‘_'1 P-IN-SSMIS 1624 1604 1565 1529 1446 1425 | 9193
HO28B P-IN-MHS 689 732 738 725 714 731 4329
HO3B P-IN-SEVIRI 2875 2976 2880 2976 2880 2976 | 17563
HO58 P-AC-SEVIRI 900 992 960 992 960 920 5724
H15A PR-OBS-6A P-IN-SEVIRI-CO | 2790 2976 2880 2976 2880 2976 | 17478
H18 P-IN-ATMS 2666 2555 2580 2666 2410 2666 | 15543
Hos SM-OBS-2  |SSM-ASCAT-B NRT pIS1426 1426 1380 1426 1380 1426 | 8464

H10 SN-0BS-1 SE-E-SEVIRI 31 31 30 31 30 31 184

H11 SN-OBS-2 WS-E 31 31 30 31 30 31 184

H12 SN-OBS-3 FSC-E 31 31 30 31 30 31 184

H13 SN-OBS-4 SWE-E 31 31 30 31 30 31 184

H31 SE-D-SEVIRI 31 31 30 31 30 31 184

H32 SE-G-AVHRR 31 31 30 31 30 31 184

H14 SM-DAS-2 31 31 30 31 30 31 184
H16 SSM-ASCAT-B NRT 012.5 14880 | 14880 | 14400 | 14880 | 14400 | 14880 | 88320
H101 SSM-ASCAT-A NRT 012.5 14400 | 14880 | 14880 | 14400 | 14880 | 7200 | 80640
H102 SSM-ASCAT-A NRT 025 14880 | 14880 | 14400 | 14880 | 14400 | 14880 | 88320
H103 SSM-ASCAT-B NRT 025 14880 | 14880 | 14400 | 14880 | 14400 | 14880 | 88320

3.2.3Monthly deta

Table7: Products dissemination via EUMETCast.Semester 221

iledperformance

In this section are shown thevailabilityof H SAproducts on a monthly basis. Please note that the
values of SP in the table are calculated on the basis diirte reported by the dissemination tool
(AFD toolwithin the expected timeliness. All NRT prodjdhat have beedlisseminatedafter the
expeded timeliness, have not been included in them to obtain the relate&P value.

Concerning the value of the timeliness used to compute the SRtsegtthas been considered the
able36 I & RSTAYSR AY 12 fuith § ixéd{offs& af {ive fihiex m ®
(as the estimated average time for uploading data on the EUMETSAT FTP seRugtxei it is
shown the sequence of events that contribute to the definition of the valud-8ARimeliness T3

TO and the time range used to compute the SP resi&sT(0). More in detail, an NRTrgduct is

LINE RdzZOS R ¢

values reported i

O2yaARSNEBR

4 &adz00SaaTFdzA ¢

on theH SARFFTP servawithin (T2TO)time range.

w

e

0 LJ NI A OA L



2

EUMETSAT

H SAF 2020 S1/S2 Date:18/07/2022

_ Doc. No: SAF/HSAF/OpRep/2021_S1_S2
Operationskeport Version: 1.0

Page29/145

Q)

Where:

End to End TIMELINESS

Satellite Data EUMETCast
Acquisition H-SAF TIMELINESS Dissemination "‘

At =5 min
UPLOADINGTO UPLOADINGTO TIME
H-SAF FTP EUMETSAT FTP
TO T1 T2 13
Availability of the last input End of product Availability of Availability of product
to start processing generation product on on EUM server
(Satellite data and/or external input) ftp.meteoam.it for the EUMETCast

dissemination
H-SAF TIMELINESS — 5 min (At used to compute SP results)

Figured: HSAFTimeliness decomposition

TOis the starting processing time (it is extracted from the outputs of operational ahaote

0K

(KS aiAYS GFr3¢ Ay SIFOK FAE{S yIYS Olyy:

T1is the end of data processing;

T2is the time when the product is cortgiely uploaded on théd SAFTP servefit is extracted
from the FTP logs);

T3is the time when the product is completely uploaded on the EUMETSAT FTP server.
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The tables below shovthe monthly detailed performance in thevo semesters of thg@eriod of interest:

Monthly performance (EP = expected production SP = successful prodt

iction within related timeliness)

AVERAGE (per month)

Table8: Monthly detailed performangelt SemesteP(@1

Product 2021-01 2021-02 2021-03 2021-04 2021-05 2021-06
1D Old Acronym New Acronym EP SP EP SP EP SP SR EP SP SR EP SP SR EP SP SR
ne"\:\lorlel ) z:;?lzls.-l P-IN-SSMIS 1350 1344 1280 1278 1709 1709 1609 1608 1643 1643 1597 1596
HO02B P-IN-MHS 722 721 564 564 778 778 738 737 705 703 708 708
HO3B P-IN-SEVIRI 2642 2640 2688 2683 2976 2957 2880 2878 2976 2964 2880 2836
HOSB P-AC-SEVIRI 851 850 896 858 935 928 916 915 992 954 960 929
H15A PR-OBS-6A P-IN-SEVIRI-CO 2976 2946 2688 2635 2976 2924 2880 2879 2976 2915 2880 2823
H18 P-IN-ATMS 2300 2297 2270 2262 2500 2495 2460 2457 2666 2611 2589 2585
H08 SM-OBS-2 SSM-ASCAT-B NRT PI1S1426 1381 1288 1249 1426 1388 1380 1335 1426 1375 1380 1336
H10 SN-OBS-1 SE-E-SEVIRI 31 30 28 27 31 31 30 30 31 30 30 30
H11 SN-OBS-2 WS-E 31 29 28 24 85,7% 31 31 30 30 31 30 30 30
H12 SN-OBS-3 FSC-E 31 30 28 28 31 31 30 30 31 31 30 30
H13 SN-OBS-4 SWE-E 31 31 28 28 31 30 30 30 31 31 30 30
H31 SE-D-SEVIRI 31 31 28 28 31 31 30 30 31 31 30 30
H32 SE-G-AVHRR 31 30 28 28 31 31 30 30 31 31 30 31
H34 SE-D-SEVIRI 30 30
- o PREOPREATIONAL STARTING FROM 14/06/2021 - ”
H14 SM-DAS-2 31 31 28 28 31 31 30 30 31 31 30 30
H16 SSM-ASCAT-B NRT 012.5 14880 14879 13440 13439 14880 14861 14400 14389 14880 14863 14400 14310
H101 SSM-ASCAT-A NRT 012.5 14880 14820 13440 13420 14880 14378 14400 14351 14880 14837 14400 14349
H102 SSM-ASCAT-A NRT 025 14880 14820 13440 13420 14880 14378 14400 14351 14880 14837 14400 14349
H103 SSM-ASCAT-B NRT 025 14880 14879 13440 13439 14880 14861 14400 14389 14880 14863 14400 14310
OVERALL 72066 71803 65686 65494 73099 71933 70733 70558 73183 72841 70864 70401
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Monthly performance (EP = expected production SP = successful production within related timeliness)
Product 2021-07 2021-08 2021-09 2021-10 2021-11 2021-12
ID Old Acronym New Acronym EP SP EP SP EP SP SR EP SP SR EP SP EP SP SR
ne*‘:vorlel_ Fr’":"’voi’ls_'l P-IN-SSMIS 1624 1624 1604 1604 1565 1560 1446 1446 1425 1425
HO2B P-IN-MHS 689 688 732 731 738 735 714 714 731 731
HO3B P-IN-SEVIRI 2875 2838 2976 2975 2880 2877 2880 2872 2976 2966
HO5B P-AC-SEVIRI 900 900 992 980 960 947 960 954 920 915
H15A PR-OBS-6A P-IN-SEVIRI-CO | 2790 2785 2976 2976 2880 2877 2880 2875 2976 2964
H18 P-IN-ATMS 2666 2666 2555 2533 2580 2580 2410 2398 2666 2666
Ho8 SM-OBS-2 SSM-ASCAT-B NRT PI1S1426 1389 1426 1379 1380 1329 1380 1329 1426 1382
H10 SN-OBS-1 SE-E-SEVIRI 31 30 31 30 30 29 30 30 31 30
H11 SN-OBS-2 WS-E 31 29 93,5% 31 31 30 30 30 30 31 30
H12 SN-OBS-3 FSC-E 31 30 31 31 30 30 30 30 31 30
H13 SN-OBS-4 SWE-E 31 30 31 31 30 30 30 30 31 30
H31 SE-D-SEVIRI 31 31 31 31 30 30 30 30 31 31
H32 SE-G-AVHRR 31 31 31 31 30 30 30 30 31 31
H34 SE-D-SEVIRI 31 30 31 31 30 30 30 30 31 30
H35 ESC-H 31 30 31 29 93,5% 30 30 30 30 31 30
H14 SM-DAS-2 31 29 93,5% 31 31 30 30 30 30 31 31
H16 SSM-ASCAT-B NRT 012.5 14880 14860 14880 14877 14400 | 14398 14400 | 14398 14880 | 14794
H101 SSM-ASCAT-A NRT 012.5 14400 14349 14880 14361 14880 | 14803 14880 | 14743 7200 6882
H102 SSM-ASCAT-A NRT 025 14880 14860 14880 14877 14400 | 14398 14400 | 14398 14880 | 14794
H103 SSM-ASCAT-B NRT 025 14880 14860 14880 14877 14400 | 14398 14400 | 14398 14880 | 14794
OVERALL 72289 72089 73060 72446 71333 | 71171 71020 | 70795 65239 | 64586

AVERAGE (per month)

Table9: Monthly detailed performande®d Semeste®@0
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Success rate - monthly detailed performance (overall)
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Figure7: Success rate, monthly detailed performance (ovell§emesteR02L

Success rate - monthly detailed performance (overall)
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Figure8: Succesgate, monthlgetailed performance (overald SemesteR02L

In tablesTable10 and Tablel11 the scores related to the Out of timeliness and the Lost files are
reported foreach semester.
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Product 2021-01 2021-02 2021-03 2021-04 2021-05 2021-06
ID Old Acronym | New Acronym OO0T% Lost % 00T% Lost % 00T% Lost % OO0T% Lost % 00T% Lost % 0O0T% Lost %
ne:/D:-el ) i:;voils.-l P-IN-SSMIS 0,4% 0,07% 0,2% 0,00% 0,0% 0,00% 0,1% 0,00% 0,0% 0,00% 0,1% 0,00%
HO02B P-IN-MHS 0,1% 0,00% 0,0% 0,00% 0,0% 0,00% 0,1% 0,00% 0,3% 0,00% 0,0% 0,00%
HO3B P-IN-SEVIRI 0,1% 0,00% 0,2% 0,00% 0,6% 0,00% 0,1% 0,00% 0,4% 0,00% 1,5% 0,00%
HO5B P-AC-SEVIRI 0,1% 0,00% 1,1% 3,13% 0,7% 0,00% 0,1% 0,00% 3,8% 0,00% 3,2% 0,00%
H15A PR-OBS-6A | P-IN-SEVIRI-CO  1,0% 0,00% 0,3% 1,64% 1,7% 0,00% 0,0% 0,00% 2,0% 0,00% 0,2% 1,81%
H18 P-IN-ATMS 0,1% 0,00% 0,4% 0,00% 0,2% 0,00% 0,1% 0,00% 2,1% 0,00% 0,2% 0,00%
H08 SM-OBS-2 SSNMF\;_AI_SDCQT{ 2,1% 1,05% 3,0% 0,00% 2,7% 0,00% 0,2% 3,04% 3,6% 0,00% 0,4% 2,83%
H10 SN-OBS-1 SE-E-SEVIRI 3,2% 0,00% 3,6% 0,00% 0,0% 0,00% 0,0% 0,00% 3,2% 0,00% 0,0% 0,00%
H11 SN-OBS-2 WS-E 0,0% 6,45% 14,3% 0,00% 0,0% 0,00% 0,0% 0,00% 3.2% 0,00% 0,0% 0,00%
H12 SN-OBS-3 FSC-E 3.2% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00%
H13 SN-OBS-4 SWE-E 0,0% 0,00% 0,0% 0,00% 3.2% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00%
H31 SE-D-SEVIRI 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00%
H32 SE-G-AVHRR 3,2% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% -3,3% 0,00%
H14 SM-DAS-2 0,0% 0,00% 0,0% 0,00% 3.2% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00%
H16 SSM-ASCAT-B NRT 012.5 0,0% 0,00% 0,0% 0,00% 3.2% 0,00% 3,3% 0,00% 3,2% 0,00% 3,3% 0,00%
H101 SSM-ASCAT-A NRT 012.5 0,2% 0,20% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00%
H102 SSM-ASCAT-A NRT 025 0,2% 0,20% 0,0% 0,00% 0,1% 0,00% 0,1% 0,00% 0,1% 0,00% 0,0% 0,60%
H103 SSM-ASCAT-B NRT 025 0,0% 0,00% 0,1% 0,00% 3,4% 0,00% 0,0% 0,32% 0,0% 0,28% 0,0% 0,33%
TablelQ Out of Timeliness and Lost fil€s' Semester 21
OOT and lost
Product 2020-07 2020-08 2020-09 2020-10 2020-11 2020-12
ID Old Acronym New Acronym O0T% Lost % OO0T% Lost % O0T% Lost % O0T% Lost % OO0T% Lost % O0T% Lost %
neC\lOrle\. T:;NOZT:I P-IN-SSMIS 0,0% 0,00% 0,0% 0,00% 0,3% 0,00% 0,1% 0,00% 0,0% 0,00% 0,0% 0,00%
HO2B P-IN-MHS 0,1% 0,00% 0,1% 0,00% 0,4% 0,00% 0,3% 0,00% 0,0% 0,00% 0,0% 0,00%
HO3B P-IN-SEVIRI 1,3% 0,00% 0,0% 0,00% 0,1% 0,00% 0,5% 0,00% 0,3% 0,00% 0,3% 0,00%
HO5B P-AC-SEVIRI 0,0% 0,00% 1,2% 0,00% 1,4% 0,00% 2,4% 0,00% 0,6% 0,00% 0,5% 0,00%
H15A PR-OBS-6A P-IN-SEVIRI-CO 0,2% 0,00% 0,0% 0,00% 0,1% 0,00% 0,4% 0,00% 0,2% 0,00% 0,4% 0,00%
H18 P-IN-ATMS 0,0% 0,00% 0,9% 0,00% 0,0% 0,00% 0,1% 0,00% 0,5% 0,00% 0,0% 0,00%
Ho8 SM-0OBS-2 SSM-ASCAT-B NRT DIS 2,6% 0,00% 3,3% 0,00% 3,7% 0,00% 2,3% 0,00% 3,7% 0,00% 3,1% 0,00%
H10 SN-OBS-1 SE-E-SEVIRI 3.2% 0,00% 3,2% 0,00% 3,3% 0,00% 6,5% 0,00% 0,0% 0,00% 3,2% 0,00%
H11 SN-OBS-2 WS-E 6,5% 0,00% 0,0% 0,00% 0,0% 0,00% 3,2% 0,00% 0,0% 0,00% 3,2% 0,00%
H12 SN-OBS-3 FSC-E 3,2% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 3.2% 0,00%
H13 SN-OBS-4 SWE-E 3,2% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 3.2% 0,00%
H31 MDSC 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 3,2% 0,00% 0,0% 0,00% 0,0% 0,00%
H32 EDSC 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 3,2% 0,00% 0,0% 0,00% 0,0% 0,00%
3,2% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 3.2% 0,00%
3,2% 0,00% 6,5% 0,00% 0,0% 0,00% 3,2% 0,00% 0,0% 0,00% 3,.2% 0,00%
H14 SM-DAS-2 6,5% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00%
H16 SSM-ASCAT-B NRT 012.5 0,1% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,6% 0,00%
H101 SSM-ASCAT-A NRT 012.5 0,4% 0,00% 3,5% 0,00% 0,5% 0,00% 0,4% 0,00% 0,9% 0,00% 4,4% 0,00%
H102 SSM-ASCAT-A NRT 025 0,1% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,6% 0,00%
H103 SSM-ASCAT-B NRT 025 0,1% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,6% 0,00%

Tablell Out of Timeliness and Lost fiie®d Semester 21
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3.3 Product achiving and dissemination

Central systems at Leading Entity facilities are receiving products at regular basis. Products are
primarily received from the generation chains at the FTP front end, which-¥ 8 ¥ (t K& A ¢ Sy
time slotof availability of the products.

Operational angbre-operational poducts are also archived centrally in a complets NR 2fRA Yo R &F
archive. Thed SARrchieis accessible by means of a wiessed applicatioiH SAPata Centre”
available athttp://hsaf.meteoam.it/downloadproducts.phpon the H SAFRvebsite Thisservice
allows all registered users to place an order and receive the access on required data by dedicatec
FTP server within three business days

3.3.1Product archiving

Product archivingnformation ishere provided Note that this table lists the number of products
generated and successfully uploaded on th8 AFFTP considering in the total amount also products
delivered after the expected timeliness (e.g. products generated and/or uploaded with a delay or
reprocessed).

¢ KS AYT2NYI G Staryofpddibos NN dr thalidtial @mount of products pesd at

the front-end and archive hosts.

Tables below shows the central archive capacity-l{io& storage area)in terms of amount of
products stored in the archive Mncrementalaccumulation of produdis expected for this storage
area.

Please note: & established in the related Service Level Agreement, products H31 and H32 are
archived in LSA SAF.


http://hsaf.meteoam.it/download-products.php
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Product End of semester (30/06/2020)
Start of period
ID Old Acronym New Acronym (31/12/2020) Amount Six-month increase

N e"\:vorlel . Z:NOif'l P-IN-SSMIS 88368 9358 97726
HO2B P-IN-MHS 21771 5360 27131
HO3B P-IN-SEVIRI 50570 17154 67724
HO5B P-AC-SEVIRI 17258 5731 22989
H15A PR-OBS-6A P-IN-SEVIRI-CO 353009 17140 370149
H18 P-IN-ATMS 76841 15247 92088
Ho8 SM-OBS-2 SSM-ASCAT-B NRT DI 158176 8078 166254
H10 SN-OBS-1 SE-E-SEVIRI 2984 180 3164
H11 SN-OBS-2 WS-E 4516 174 4690
H12 SN-OBS-3 FSC-E 5167 181 5348
H13 SN-OBS-4 SWE-E 5295 180 5475
H34 SE-D-SEVIRI 574 366 940
H35 ESC-H 756 177 933
H14 SM-DAS-2 2731 181 2912
H16 SSM-ASCAT-B NRT 012.5 714237 86670 800907
H101 SSM-ASCAT-A NRT 012.5 708333 86584 794917
H102 SSM-ASCAT-A NRT 025 693173 86610 779783
H103 SSM-ASCAT-B NRT 025 698260 86700 784960

TOTAL 2958606 394199 3835509

Tablel2 Central archive capacitylst SemesteP®@1
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Product End of semester (31/12/2020)
Start of period
ID Old Acronym New Acronym (31/06/2021) Amount Six-month increase

N eF\LOrlel _ EZ"NOrle P-IN-SSMIS 97726 7698 105424
HO02B P-IN-MHS 27131 5423 32554
HO3B P-IN-SEVIRI 67724 17621 85345
HO5B P-AC-SEVIRI 22989 5887 28876
H15A PR-OBS-6A P-IN-SEVIRI-CO 370149 17566 387715
H18 P-IN-ATMS 92088 15993 108081
HO8 SM-0BS-2 SSM-ASCAT-B NRT DIB 166254 8223 174477
H10 SN-OBS-1 SE-E-SEVIRI 3164 183 3347
H11 SN-OBS-2 WS-E 4690 183 4873
H12 SN-OBS-3 FSC-E 5348 184 5532
H13 SN-OBS-4 SWE-E 5475 184 5659
H34 SE-D-SEVIRI 940 374 1314
H35 ESC-H 933 181 1114
H14 SM-DAS-2 2912 184 3096
H16 SSM-ASCAT-B NRT 012.5 800907 88149 889056
H101 SSM-ASCAT-A NRT 012.5 794917 65358 860275
H102 SSM-ASCAT-A NRT 025 779783 65377 845160
H103 SSM-ASCAT-B NRT 025 784960 88185 873145

TOTAL 2958606 356211 4191720

Tablel3 Central archive capacity2d Semeste@1

In the following table the product archiving integrity in terms of difference between the number of
products successfully generated and the number of products properly archived is reported for each
semester:



EUMETSAT

Doc. No: SAF/HSAF/OpRep/2021_S1_S2

G H SAF 2020 S1/S2 Date:18/07/2022
Page38/145
Product 01/2020 02/2020 03/2020 04/2020 05/2020 06/2020

ID Old Acronym New Acronym Archived P:—[i:gjz d % Archived P-rr(i)?:l d % Archived P-:ci)':;:(?; d % Archived P:—:gjz d % Archived P-rr;gi); d % Archived P-:—(i:?:(l:); d %

HOlnew rel. PR-OBS-1new rel. P-IN-SSMIS 1349 1344 99,6% 1280 1278 99,8% 1709 1709 100,0% 1609 1608 99,9% 1643 1643 100,0% 1597 1596 99,9%
H02B P-IN-MHS 722 721 99,9% 564 564 100,0% 778 778 100,0% 738 737 99,9% 705 703 99,7% 708 708 100,0%
HO3B P-IN-SEVIRI 2642 2640 99,9% 2688 2683 99,8% 2976 2957 99,4% 2880 2878 99,9% 2976 2964 99,6% 2880 2836 98,5%
HO5B P-AC-SEVIRI 851 850 99,9% 868 858 98,8% 935 928 99,3% 916 915 99,9% 992 954 96,2% 960 929 96,8%
H15A PR-OBS-6A P-IN-SEVIRI-CO 14880 14879 100,0% 13440 13420 99,9% 14880 14378 96,6% 14354 14351 100,0% 14839 14837 100,0% 14353 14349 100,0%
H18 P-IN-ATMS 14880 14879 100,0% 13440 13420 99,9% 14880 14378 96,6% 14354 14351 100,0% 14839 14837 100,0% 14353 14349 100,0%
HO8 SM-0OBS-2 SSM-ASCAT-B NRT DIS 851 850 99,9% 868 858 98,8% 935 928 99,3% 916 915 99,9% 992 954 96,2% 960 929 96,8%
H10 SN-OBS-1 SE-E-SEVIRI 851 850 99,9% 868 858 98,8% 935 928 99,3% 916 915 99,9% 992 954 96,2% 960 929 96,8%
Hi1 SN-OBS-2 WS-E 29 29 100,0% 28 24 85,7% 31 31 100,0% 30 30 100,0% 31 30 96,8% 30 30 100,0%
H12 SN-OBS-3 FSC-E 31 30 96,8% 28 28 100,0% 31 31 100,0% 30 30 100,0% 31 31 100,0% 30 30 100,0%
H13 SN-OBS-4 SWE-E 31 31 100,0% 28 28 100,0% 31 30 96,8% 30 30 100,0% 31 31 100,0% 30 30 100,0%
H31 SE-D-SEVIRI
H32 SE-G-AVHRR
H14 SM-DAS-2 31 31 100,0% 28 28 100,0% 31 30 96,8% 30 30 100,0% 31 31 100,0% 30 30 100,0%
H16 SSM-ASCAT-B NRT 012.5 14880 14879 100,0% 13440 13420 99,9% 14880 14378 96,6% 14354 14351 100,0% 14839 14837 100,0% 14353 14349 100,0%
H101 SSM-ASCAT-A NRT 012.5 851 850 99,9% 868 858 98,8% 935 928 99,3% 916 915 99,9% 992 954 96,2% 960 929 96,8%
H102 SSM-ASCAT-A NRT 025 851 850 99,9% 868 858 98,8% 935 928 99,3% 916 915 99,9% 992 954 96,2% 960 929 96,8%
H103 SSM-ASCAT-B NRT 025 851 850 99,9% 868 858 98,8% 935 928 99,3% 916 915 99,9% 992 954 96,2% 960 929 96,8%

Tablel4 archiving integrity 1st Semester Z1
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Product 01/2020 02/2020 03/2020 04/2020 05/2020 06/2020
1D Old Acronym New Acronym Archived Wiy % Archived ULy % Archived iy % Archived iy % Archived W=y % Archived ULy %
Produced Produced Produced Produced Produced Produced

HOlnew rel. PR-OBS-1new rel. P-IN-SSMIS 1624 1624 100,0% 1604 1604 100,0% 1565 1560 99,7% 1529 1527 99,9% 1446 1446 100,0% 1425 1425 100,0%
HO2B P-IN-MHS 689 688 99,9% 732 731 99,9% 738 735 99,6% 725 723 99,7% 714 714 100,0% 731 731 100,0%
HO3B P-IN-SEVIRI 2875 2838 98,7% 2976 2975 100,0% 2880 2877 99,9% 2976 2960 99,5% 2880 2872 99,7% 2976 2966 99,7%
HO5B P-AC-SEVIRI 900 900 100,0% 992 980 98,8% 960 947 98,6% 992 968 97,6% 960 954 99,4% 920 915 99,5%
H15A PR-OBS-6A P-IN-SEVIRI-CO 31 29 93,5% 31 31 100,0% 30 30 100,0% 31 31 100,0% 30 30 100,0% 31 31 100,0%
H18 P-IN-ATMS 14400 14349 99,6% 14880 14361 96,5% 14880 14803 99,5% 14400 14341 99,6% 14880 14743 99,1% 7200 6882 95,6%
HO8 SM-OBS-2 SSM-ASCAT-B NRT DIS 900 900 100,0% 992 980 98,8% 960 947 98,6% 992 968 97,6% 960 954 99,4% 920 915 99,5%
H10 SN-OBS-1 SE-E-SEVIRI 900 900 100,0% 992 980 98,8% 960 947 98,6% 992 968 97,6% 960 954 99,4% 920 915 99,5%
H11 SN-OBS-2 WS-E 31 29 93,5% 31 31 100,0% 30 30 100,0% 31 30 96,8% 30 30 100,0% 31 30 96,8%
H12 SN-OBS-3 FSC-E 31 30 96,8% 31 31 100,0% 30 30 100,0% 31 31 100,0% 30 30 100,0% 31 30 96,8%
H13 SN-OBS-4 SWE-E 31 30 96,8% 31 31 100,0% 30 30 100,0% 31 31 100,0% 30 30 100,0% 31 30 96,8%
H31 SE-D-SEVIRI
H32 SE-G-AVHRR
H14 SM-DAS-2 31 29 93,5% 31 31 100,0% 30 30 100,0% 31 31 100,0% 30 30 100,0% 31 31 100,0%
H16 SSM-ASCAT-B NRT 012.5 14880 14860 99,9% 14880 14877 100,0% 14400 14398 100,0% 14880 14878 100,0% 14400 14398 100,0% 14880 14794 99,4%
H101 SSM-ASCAT-A NRT 012.5 900 900 100,0% 992 980 98,8% 960 947 98,6% 992 968 97,6% 960 954 99,4% 920 915 99,5%
H102 SSM-ASCAT-A NRT 025 900 900 100,0% 992 980 98,8% 960 947 98,6% 992 968 97,6% 960 954 99,4% 920 915 99,5%
H103 SSM-ASCAT-B NRT 025 900 900 100,0% 992 980 98,8% 960 947 98,6% 992 968 97,6% 960 954 99,4% 920 915 99,5%

Tablels archiving integrity 2nd Semester 2
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3.3.2FTP dissemination

The accessibility of the products via FTP is centralisSEOMETTheH SAFTP server was recently
upgraded to allow morefficient andcomfortable access to the datAmong the new implemented
features, theaccess to the restricted area of the web site and the access to the FTP server are
possible using the sanaecount. Users can also access and download products generated in the last
60 days directly via the web site without the need of a dedicated FTP client
(http://hsaf.meteoam.it/downloadproductsphp). The new HSAF FTP server
ftp://ftphsaf.meteoam.itis accessible to authorized users for product download.

Table below shows the FTP fregrid capacity (o#ine storage area), in terms of amount of products
present in the archiveThe availability of the products is guaranteed oat 65R | & a-f X ¥ §¢
timeframe.

Product On-line products Total Size [MB]
availability [#] FTP NRT (last 65
ID Old Acronym New Acronym FTP NRT (last 65 days) days)
ne':vorlel _ ':]E\'A?rils_'l P-IN-SSMIS 2422 1500
HO02B P-IN-MHS 2667 1700
HO3B P-IN-SEVIRI 6185 13000
H18 P-IN-ATMS 1894 1800
HO5B P-AC-SEVIRI 2072 7700
H15A PR-OBS-6A P-IN-SEVIRI-CQ 12047 125
Ho8 SM-OBS-2 SSM'A[S)'ICSAT’B N 2901 20000
H10 SN-OBS-1 SE-E-SEVIRI 65 104
H11 SN-OBS-2 WS-E 65 3
H12 SN-OBS-3 FSC-E 65 130
H13 SN-OBS-4 SWE-E 65 3
H34 SE-D-SEVIRI 65 414
H35 ESC-H 65 1000
H14 SM-DAS-2 65 348
H16 SSM-ASCAT-B NRT 012.5 30930 7782
H101 SSM-ASCAT-A NRT 012.5 30930 7782
H102 SSM-ASCAT-A NRT 025 30930 7782
H103 SSM-ASCAT-B NRT 025 30930 7782

Tablel6 FTP fronend capacity

3.3.3Dissemination orddemand H SAMata Centre)

On March 2015 the product disseminatiom-demand has been activated via a web application
VI YSHRSAB I G/ Sy i NB étpl/HoadSdiedaknadt/tidd/nloladproducts.phpto all
registered users. This tool provides all basic fioms to carry out orders omd SAFhistorical
archives. The orders placed are submitted for apprbyahe Central Services Stadfid processed
within three working days. Since August 2015, some restrictions to the order requests have been
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introduced to aoid an overload of FTP server and to optimize the data stothgdotal amount of
data required by a single user cannot exceed 20 GB per day

During2021, 306 orders have been processedth an average o22,1 orders per month Among
the processed ordexr12 orders have been aborted.

These failures are linked to a problem in the selectable time range in the webpage for placing orders.
Once the problem was fixed the orders have been sussesfully processed.

In the figure below the number of orders pproduct type is reported for each year:

Orders per product type
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Figure9: Number of orders per product type

In the following figure the number of orders and the order percentage per product is reported fo
period 09/02/2015¢ 31/12/2021:

Orders per product
period : 09/02/2015 - 31/12/2021

312

HO1 HO2 HO3 HO4 HO5 HO8 H10 H11 H12 H13 H14 H15 H16 H101 H102 H103

FigurelG Number of orders per product (perfirom 09/02/2015 to 31/12/021
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Orders Percentage per product
period : 09/02/2015 - 31/12/2021

LIHO1
M HO2
M HO3
M HO4
M HO5
i HO8
EHI10
HH11
M H12
HH13
HMH14
M H15
kM H16
kM H101
L H102
kd H103

Figurellbelow reports the orders percentage per proat from09/02/2015¢ 31/12/2021.:

Orders Percentage per product
period : 09/02/2015 - 31/12/2021

LIHO1
M HO2
M HO3
H HO4
M HO5
M HO8
MH10
EH11
M H12
HH13
MH14
M H15
kM H16
kM H101
L H102
kH103

Figurell Orders percentage per product (period from 09/02/2015 to 31/12/2019)

In the next figures the number of orders patoduct is reported for the 2021
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Orders per product
period : 2021

HO1 HO02 HO3 HO4 HO5 HO8 H10 H11 H12 H13 H14 H15 H16 H101 H102 H103 HO02B HO3B HOS5B

Figurel2 Numbeof orders per product (year 2p21

Figurel3reports the orders parentage per product for the 2021

Orders Percentage per product

period 2021
ol N i HO1
H HO2
1% ik 0% M HO3
3% M HO4
1% , 6% \ LI HO5
~ M HO8
HH11
) M H12
HH13
MH14
M H15
MH16
M H101
1% ki H102
572 2% 0% M H103

Figurel3 Orders prcentage per product (year D02

3.4 Anomalies and problemsreport

Main problems encounteredh the reporting periodat the generation chainsr at central facilities
are here reported. Emphasis is put pmoblems thathave determined an unsuccessful product
generation and a decay of the product qualitgrformances
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Product / Chain /| Period Description and Planned Solution

System / Service

H14 4-5 July 2021 Connection problem in uploading the files on the centralized FTP

H11 4 July 2021 Connection problem in uploading the files on the centralized FTP

H11 21 July 2021 Missing production due to operative chain problems

H10 2-12 October2021 | Out of timeliness productdue to an anomaly on the input data on TSMS

side that affected also the merging phase.

H35 14-24 August 2021| Missing production due to operative chain problems

H11l 5 and 19anuary | Missing production due to operativehain problems
2021

H11l 10/13/17/20 Missing production due to operative chain problems
February 2021

H11 21 February 2021 | Out of timeliness products

Tablel7 Anomalies and problems report
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4 l {i

| S NA

The current total number dfi SARJsers from different sources, eitheggistered through théd SAF
Web Portaland downloading productglast 60 daysysing theH SARTP or subscribed to the
EUMETCast servide2718up to 3F' Decanber 202L The details reported in the table below.

User Type

Number of Users

H SARVeb / FTP

2064up to 31" December2021

EUMETCast

654 up to 31" December2021

Tablel8 Number oH SARUsers

In the followingFigurel4 the diagram of theH SARJsers increaséweb, ftp and EUMETCass$)
depicted. It can be noted how thid SARJsers community has kept increasing on a constant and

continuous basis.

It is noted that a check on the validity of web/ftp use€ontinuouslyperformed andno more valid

usersareremoved

3000
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500

from the users list.

Hsaf Users
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Figurel4 Trend of increase in number df SARusers(web/ftp/EUMET Catdta up tddecembel02)

In the following graphic, instead, is reported the trend focused on EUMETCast iaserder to
show theincrease of the trend during the reference perifmat this subset of users
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Figurel5 Trend of increase in numbeHOSAFEUMET Cast (data upiecembr 2021)

User description

Feedback

Generic user

Generic Support

User belonging to the scientific community

Scientific background

User belonging to the scientific community, involv,
and/or interested in product validation activities

Product Quality and Availability

Tablel9Us er communitiesd feedback

4.1 Users communities

In thissection the different communities of ess withinH SARre described.

The diagram elow provides an overviewf the distribution by institution oH SARJsers.
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Figurel@ Distribution by institution

Also, it is interesting digguish users by regional araasers pertaining to thél SARrea represent
the 84% of the total number of users, the remaining 16% are users from outsid¢ /dArea, in
particular the 12% arérom outside Europe.

4.2 Help desk response
In the reportingperiod 16 requests have been submitted to help desk which required a response.
All responses have been provided, with following response time:

- 1lanswers have been provided within 2 working days;
- 3answers have been provided within 3 working days;
- Oanswas have been provided within 5 working days;

- 2answeshasbeen provided beyond 5 working days.

4.3 Web-site

(Link to the web sitehttp://hsaf.meteocam.if)

The new version of the website has been released on Jan@®y. During the 2021 and part of
the 2022 the actions opened during the previous OR10 have been implemented.

Some minor improvements have been implementié@ for example the new presentation of the
cases studies in the home page banr&wme bug fixingctivities have been also implemented.
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5 twhs5!vief[LE{9{{a9b¢
5.1

In accordance with whatlescribed in the H SAF Project Pldre Operational Reviews will be
organized as follow:

Detailed OR review process

1 Engineering statistics covering the previaygerational year to be presented in all the
Operational reviews together with the integrity check results (available starting from
OR12) applied to all operational / preperational products;

1 Every two years (i.e. OR11, OR13 and OR1X)tadity Assessnmt and Hydrovalidation
reports, appliedto the target products

The following table summarizes the various aspects related to the OR review process fe4. CDOP

Operation Report
Hydrovalidation
Statistics on Engineerin L . .
OR# | Year . 9| Statistics on Integrity Check |  Quality Assessment Report
Performances
Delivery |  Applicability Delivery Applicability Delivery | Applicability | Delivery | Applicability
All Operational /| NO (not
, Target Target
OR11| 2022 YES Pre-operational yet - YES YES
. Products Products
Products available)
All Operational / All Operational /
OR12| 2023 YES Preoperational YES Pre-operational NO - NO -
Products Products
All Operational / All Operational /
. . Target Target
OR13| 2024 YES Pre-operational YES Pre-operational YES YES
Products Products
Products Products
All Operational / All Operational /
OR14| 2025 YES Pre-operational YES Pre-operational NO - NO -
Products Products
All Operational / All Operational /
. . Target Target
OR15| 2026 YES Pre-operational YES Pre-operational YES YES
Products Products
Products Products

Table20 OR review process for CD&P

It is noted that the Target Product List is a dynamic list, which depends on the following aspects

T
1
T

the specific life cycle associated to each product;
the availability of new operational products originated by CBOfevelopment activities;

the variousevolution paths foreseen for the product families, which foresee the
replacement of operational products with their successors.
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On this basis the target prodtlist will be periodically updated and will be presented in advance
with respect to each OR.

In the following sections thtarget productdists at the starting of CDGP(to be presented at this
Operatinal ReviewOR11)are detailed.

5.1.1 TargetProducts:Precipitation
Quality Assessmen{Referents: Marco Petracca and Alessandra Mascitelli)

- HO3B (as predecessor of the target product H60B, not yet operatjonal)

- HO5B (as predecessor of the target product H61B, not yet operatjonal)

- H18, (only for the OR11 apecified in RID 027 e 029[1] raised during the OR10)
- H64 target product but not yet operational

- H68 target product but not yet operational

Product ID Validation period Validation Method Data used for
validation
HO3B 01/06/2020¢ 31/05/2021 Comparison with DPR 2A-DPRNS
HO5B 01/06/2020¢ 31/05/2021 Triple Collocation GPCC + GLDAS
H18 01/03/2020¢ 31/05/2021 Comparison with DPR 2A-DPRNS

5.1.2 TargetProducts:SoilMoisture
Quality Assessmen{Referents: Simone Gabellani, Luca Brocca, David Fairbairn, Jean Christophe
Calvet)

- H14 (H26 not yet operational);

- H16 (H122 not yet operational);
- HOs;

Product ID Validation period Validation Method Data to use for

validation

H14 (H26) 01/06/2020¢ 31/05/2021 | Triple  Collocation

ground measurements

an{ GLDAS+ESA CCI pas

and ISMN

H16 (H122) 01/06/2020¢ 31/05/2021 | Triple Collocation GLDAS+ESA CCI pass
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Product ID Validation period Validation Method Data to use for
validation
HO08 01/06/2020¢ 31/05/2021 | Ground measurements SMOSMANIA

5.1.3 TargetProducts:Snow
Quality Assessmen{Referent: Alexander Toniazzo)

- H34 is preoperational product instead of H10 (One year of validation on target area in
common with H35 not considering the Europe zone already validated using Ground
data)

- H35 (same areas as H34 + some areas in Europe)

- H13 (H43 and H65 not yet operational)

Product ID Validation period Validation Method Data to use for validation

H34 Winter season 20221 FAR and POD Grund data in Europe + Satelli
(Sentinel 2) oveextra-Europe

H35 Winter season 20221 RMSE in % Satellite data (Sentinel 2)

H13 (H43/H65) | Winter season 20221 RMSE in mm (SWE) Ground stations with SWE sensor

5.2 General Aspects

This section provides the assessment of the products in terms of preéuftirmances against the
Service Specification product quality requirements. Statistics are herersftext, tables figures
and diagrams) along Zrdonths period for precipitation, soil moisture and snow producté/ithin
0KA& LISNR 2R ( kdsidarédyfor smowdprdducts/afidatioh gurposes: it is in the period
15t of Octoberg 315 of May. Further detailed results of the Quality Assessment are reported in
Section5.3.4.2

Statistics are obtained from the outcomes of thé&SAF continuous validation service. The Product
Validation Group (PVG) is composed of experts from the National Meteorological and Hydrological
Institutes ofAustria,Belgum, BulgariaFinland,France Germany, Hungary, Italy, Poland, Slovakia,
and Turkeyunder the coordination of the Italian Civil Protection Department (DPC).

Commitments related to product quality assessment and validation are identified in the Service
Specification document; main commitments are:@3A0010, SS/AL-0020, SS/AL-0030.
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5.3 Precipitation Products Quality Assessment

vdzl t AGe aasSaayYSyd NBadz Ga 200FAYySR F2NJ 2LISN
LINE RdzOG &4 ¢ | NB TKethnSanadlydephetipatidn Srividces are RIN-SEVIRI (HO3B),
P-AGSEVIRI (HO5B) andNPATMS (H18). These are altir®2 LIS NJ (0 A 2 y | fThe ohjiictivét S a
of this report is to determine and quantify both the limits and the potential of the prasluncorder

to assess the overall qualignd confirmthe availablity to end users

Allinformation about the analysis, validation, and quality assessment methodaleggyontained

in 5.3.40Annex to the precipitation qualityassessment

Validation strategy, methods and toéls

For any errors, oversights, or requests for updates or changes, please costaet H SAF project
website http://h -saf.eumetsat.int

5.3.1 Quality assessment for product-mN-SEVIR{HO3B)

5.3.1.1 Overview
Product ID (Acronym) | HO3B (AN-SEVIRI)

Product name Precipitation rate at ground by GEO/IR supported by LEO/MW
Algorithm version Latest version: 2.0

number Version considered for Q.A.: 2.0

Coveredperiod 01/06/2020¢ 31/05/2021

Q.A. method applied DPR comparison

Continuous statisticy ME, SD, MAE, MB, RMSE, FSE

Multi-categorical POD, FAR, CSI
statistics

Validation of IN-SEVIRI product in relation with reference data over the FD area, performed in
comparison with DPR estimates, is here illustrated. For this methodology, are shown continuous
and multicategorical statistics referred to the period as tated in the overview table.

5.3.1.2 Comparison over FD area
The validation procedure over FD area has been developed by the PPVG and conducted by Italian
DPC. DRRS product represents the reference for instantaneous precipitation rate over the global


http://h-saf.eumetsat.int/
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coverage.Values obtained by the FSE score define the accuracy of the H SAF product. Monthly
accuracy and mulitategorical statistics are here shown.

5.3.1.2.1 User requirement compliance

' ASNJ NBldANBYSyGa FT2NJ NEFSNByOS t wTame2ivwhiteY k K |
on the right side the accuracy obtained by théd\NPSEVIRI product tomparison with DPRIS data
issummarized.

Results are slightly below the target (150%), mainly in comparisonsseee(that represent the

most part of data (76%)) and coast areas, whereas are between the target and the threshold over
the land (188%). The overall results are between target and threshold requirement with a mean
value of 155%.

Between target | Between threshold | Threshold exceedeq Threshold exceeded
and optimal and target by <50 % 0e X pn

P-IN-SEVIRI vs DH Annual average of FSE (%)

Requirement (FSE %)
Precipitation Clas: Land Sea Coast |OVERAL

thresh | target | optimal

X M Y Y1200 150 100 188 143 144 155

Table21 PR and compliance analysis foHR-SEVIRI product over FD area.

5.3.1.2.2 Monthly accuracy

The monthly accuracy obtained for produciNSSMIS in comparison with DR estimates is
shown inFigurel7 over land (panel a), sea (panel b) and Full Disk area (panel c). The percentage
contribution of different areas respect to the full disk coverage is showamel d. Please note that

coast areas represent the 7% of the full dataset: these data are less representative respect to sea
and land areas and therefore are not individually shown in figure. However, data over coast areas
are included in overall (Fulligk) results. Sea areas represent the most part of dataset with 76%,
while land areas represent the 17% of data.

As it can be seen by the plot, the results over land are quiteuroform. Hovever, there is not a

real seasonal trend and results show lowatues in DJ and AM and worse results in ON and FM.
Results over land range between 150% &a2®0D% with a mean value very close to the threshold
equals to 188%. Results over sea are better and mainly more stable respect to land ones, with all
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values very lose to the target (150%). The results over the full disk area confirms the accuracy
detected over sea, with an average accuracy equal to 155% slightly above the target.

P-IN-SEVIRI vs DPR 2020/06 - 2021/05
Land Sea

35)
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N
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. .
FSE (x100%)
o -t I\)

I
)
1

JASONDJFMAM JJASONDJFMAM

/%

Full Disk Cont
d)

w
1>

N

FSE (x100%)

Sea
76%

JJASONDJFMAM

Figurel?. P-IN-SEVIRI monthly accuracy evaluated respiecDPRNS over MSG full disk coverage
for Land (a) and Sea (b) areas. The results over Full Disk area is shown in the panel ¢). Background colors highlight
the accuracy defined by User Requirements in terms of FSE score. The horizontal black dotieditiates the
mean value. The composition of the FD results in terms of different surface types (sea, land and coast) is shown in
panel d.

More continuous statistical scores are shown in Sech@¥.1.6

5.3.1.2.3 Multi-categorical statistics
The multicategorical statistics are below shown. In each table, the first column indicates the
precipitation classes of the H SAF product, while along the columns are reported the reference (DPR

~

NS product) precipitation classes. The first class detégsnoNI Ay Of | 8& O n XXt wf nc

~ A s oA = s

aSO02yR Oflaa RSGSO0&a GKS fAIKG NIAY O6ndHpXKt wr
NI G§Sa O6mMXtwrmn YYKKOI gKAES (GKS flLad 2yS Ofl a
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The detection of ngain areas for product RN-SEVIRI in comparison with DNR estimates reaches

the 94% of cases. Light rain rates are often underestimated, mainly over sea and along coastlines.
Stratiform rain rates are detected only in 33% of total cases and their underestmafparticularly
pronounced over Sea and along coastlines. Finally, convective areas are detected in 29% of total
cases, with better values over land (41%). Generally, for all precipitation rates above 0.25mm/h the
P-IN-SEVIRI performance is worse alongstlines and over sea.

Land | Sea | Coast - Full Disk

Multi-Categorical Statistics

P-IN-SEVIRI vs DPR| [0 - 0.25] mm/h [0.25 - 1] mm/h [1 - 10[ mm/h 010 mm/
[0 - 0.25] mm/h 89% |96% [94% |62% [78% |78% |33% |51% |57% |6% |14% |15%
[0.25 - 1] mm/h 6% |2% |4% [15% [10% [11% |18% |15% |15% |8% |10% |11%
[1 - 10[ mm/h 5% 2% [3% [21% [12% |11% |41% |31% |26% |45% [51% |46%
010 mm/ h 0% |0% [0% [2% [0% |0% (8% |3% |2% |41% |25% [29%

Table22: Multi-categorical table for product PN-SEVIRI over land, sea and coast MSG full disk areas.
The precipitation classes along the columns (rows) are relative to DIBRPIN-SEVIRI) precipitation.

Overall - Full Disk

Multi-Categorical Statistics

P-IN-SEVIRI vs DPR| [0 - 0.25[ mm/h [0.25 - 1[ mm/h [1-210[ mm/h 010 mm/
[0 - 0.25[ mm/h 94% 75% 47% 12%
[0.25 - 1[ mm/h 3% 11% 16% 10%
[1-10[ mm/h 2% 13% 33% 49%
010 mm/ h 0% 1% 4% 29%

Table23: Multi-categorical table for product RN-SEVIRI over the MSG full disk area.
The precipitation classes along the columns (rows) are relative to DBRPIN-SEVIRI) precipitation.
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5.3.2 Quality assessment for product-RGSEVIR(HOB)

5.3.2.1 Overview
Product ID(Acronym) HO5B (PAGSEVIRI)

Product name Accumulated precipitation at ground by blended MW and IR
Algorithm version Latest version: 2.0

LTSS Version considered for Q.A.: 2.0

Covered period 01/06/2020¢ 31/05/2021

Q.A. method applied TripleCollocation (TC)

P-AGSEVIRI product estimates the accumulated precipitation at ground: it has been validated over
the FD area in comparison with daily precipitation data obtained from GPCC and GLDAS datasets
using TC methodology. For more details about methodology andsdtg used for this analysis,
please refer taGlobal Precipitation Reference Datction. Results in form of continuous and multi
categorical statistics for the full period as indicated in the overview table are here shown.

5.3.2.2 Comparison over FD area

Thevalidation procedure over FD area has been conducted by ISAC CNR under the coordination of
the Italian DPC. TC methodology is applied betwe&GBEVIRI, GPCC and GLDAS datasets over
the full domain of the H SAF producheTaccuracy of the satellite pradt is evaluatedor various

areas and on monthly basis are shown.

5.3.2.2.1 Product Requirement compliance

Product requirements and compliance analysis for H SAF product are reportédbie24. CC

results are computed over land and along coastlines being a comparison with gauges. The full disk
area is composed by 60% of sea, 36% land and 4% coasts. Overall results are hence processed over
land and coasts that represent the 4@¥iotal coverage. Final PR results are between target (0.65)

and threshold (0.50) requirements with an overall result equals to 0.61.
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Between threshold | Threshold exceedeq Threshold exceeded
and target by <50 % 0e x pn
P-AGSEVIRI by TC Annual average of CC
Requirement (CC)
Precipitation Class OVERALL
thresh target optimal
¥ n YY R 050 0.65 0.80 0.61

Table24: PR and compliance analysis fotAGSEVIRI (24h) product over FD areall@y methodology.

5.3.2.2.2 Monthly accuracy

The PR score used in the TC methodology is the CC. The monthly trend obtained for the triplet of
datasets used is shown in tli@gurel8. The blue bars indicate the results for the H SAF satellite
product (RAGSEVIRI, while the colored background highlights the areas where thresholds are set
for the chosen PR.

Focusing on the results from SEVIRI product, the values range from 0tB6 f@orst month
(March 2021) to 0.61 for the best months (November 2020, and February 2021). The average
value calculated on an annual basis is 0.61, which is between target and threshold.

CC 06/2020-05/2021 Triple-Collocation

I P-AC-SEVIRI

1

09~

0.8 -

0.7

0.6

805"
04 -
03
02

0.1

J J A S o N D J F M A M
Month

Figure18: Monthly results (June 202May 2021) in terms of CC (PR) score obtained byR#GSEVIRI (24h)
product (blue bars) using the TC methodology.
Background colours highlight the requirement thresholds
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For more maps and results please refer to Sechich4.1.7 Maps of CC and RMSE score obtained
using the TC methodology are showrFigure 8 and Figure A, respectively. PR maps computed
for two significant months are also shown.

5.3.2.2.3 Multi-categorical statistics

In the following tables, the percentages of corrected estimates in three different precipitation
classes are indicated. The percentages are normalized along each column that represent the
reference for the precipitation (GLDASd GPCC for the first two tables respectively). The first class
detects the very low accumulated rain class with PC<1 mm/24h, the second class identifies the

I OO0dzYdzft F iSR NI Ay 06S06SSy wmMXt/fmn YYKHNKI @gKAC
rayya ot/ xmn YYKHOKUOO®

Comparing the first two tables in whichkAGSEVIRI estimates are classified respect to GLDAS and
GPCC ones respectively, it is possible to note higher agreement with GLDAS respect to GPCC
estimates, particularly for higher precipitatioclass: 50% vs 21%. Generally, the classification is
more confident for very low accumulates (86%) and for highest accumulates. The identification

of intermediate accumulates is often bad (28%) and underestimated byAGSEVIRI respect to

both reference datasets.

Overall

Multi-Categorical Statistics

P-AC-SEVIRI Vs
<1 mm/24h [1-10[ mm/24h XMA YYKHIN
GLDAS
<1 mm/24h 87% 55% 26%
[1-10[ mm/24h 9% 29% 23%
XM YYKHMDK 4% 16% 50%

Table25: Multi-categorical table foproduct RAGSEVIRI versus GLDAS over @verall FD validation. The
precipitation classes along the columns (rows) are relative to GLDAS (H SAF) precipitation.

Overall

Multi-Categorical Statistics

P-AC-SEVIRI vs GPCC < 1 mm/24h [1-10[ mm/24h X Mmm/24h

<1 mm/24h 86% 69% 56%
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[1-10[ mm/24h 10% 18% 23%
XM YYKHNIK 4% 13% 21%

Table26: Multi -categorical table for product AGSEVIRI versus GPCC over @@iverall FD validation. The
precipitation classes along the columifows) are relative to GPCC (H SAF) precipitation.

In the table below, the percentages of estimates in agreement between the two datasets GLDAS
and GPCC for three different precipitation classes are shown. The percentages are normalised along
each columrmrepresented by GPCC for the first columns and GLDAS for the second columns in each
class, respectively.

The agreement is very good for lower precipitation class9@&%), but it decreases by increasing

the precipitation accumulates. In fact, the agreemémtthe intermediate accumulated class range
between 30% and 42%, while for higher accumulates range between 20 and 26% with respect GPCC
and GLDAS, respectively.

Overall

Multi-Categorical Statistics

GLDAS vs GPCC

<1 mm/24h [1-10[ mm/24h XMn YYKHRN
and vice versa
<1 mm/24h 96% 92% 61% 44% 40% 29%
[1-10[ mm/24h 4% 7% 30% 42% 40% 45%
XMn YYKHMDK 0% 1% 9% 14% 20% 26%

Table27: Multi-categorical table for GLDAS versus GPCC (and vice versa) over 24h Overall FD validetion.
precipitation classes in the first columns are relative to GLDAS dataset; in the second columns are relative to GPCC
dataset.

Generally, the agreement is better in comparison with GLDAS: this is true also for validation with P
AGSEVIRI product.

It isimportant to note that the best agreement for higher precipitation accumulates is reach for P
AGSEVIRI estimates in comparison with GLDAS ones (50%).
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5.3.3 Quality assessment for product-RN-ATMS H18)

5.3.3.1 Overview

Product ID (Acronym)

H18 (PIN-ATMS)

Productname Precipitation rate at ground by MW cross track scanners
Algorithm version Latest version: 1.0
number Version considered for Q.A.: 1.0

Covered period

01/06/2020 ¢ 31/05/2021

Q.A. method applied

DPR comparison

Continuous statistics

ME, SD, MABMB, RMSE, FSE

Multi-categorical
statistics

POD, FAR, CSI

P-IN-ATMS product is based on a neural network approach and provides precipitation rate estimates
from the Advanced Technology Microwave Sounder (ATMS). The validation over the FD area was

performed in comparison with DPR estimates and results are ilkestrbelow. Continuous and
multi-categorical statistics, referred to the period as indicated in the overview table, are shown.

5.3.3.2 User requirement compliance

In Table28 the dza S NJ

NB lj dzA NB Y Sy i

0 KNBaK2f Ra

T2NJ tw X

accuracy obtained for-IN-ATMS product in the validation period with DPR data is summarized.
Results show all values around the optimal requirement (100%): values obtaic@thjrarison with

DPR are between optimal and target as for the land areas, which represent the 32% of the dataset,
and optimal for the sea which cover the 66% of the total. On average, the overall result is slightly

above the optimal with value equal to 129

Between target

Between threshold

Threshold exceeded

Threshold exceeded

and optimal and target by <50 % 0e X pn
P-IN-ATMS Annual average of FSE (%)
Requirement (FSE %)
Precipitation Clas Land Sea Coast Overall
thresh | target | optimal
x1lmm/h 200 150 100 112 98 99 109

Table28: PR and compliance analysis folR-ATMS product over FD area.

M
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5.3.3.3 Monthly accuracy

The monthly accuracy obtained for produciNRATMS in comparison with DINS estimates is
shown inFigure 19 over land (panel a), sea (panel b) and Full Disk area (panel c). The percentage
contribution of different areas respect to the full disk coverage is shown in panel d. Please note that
coast aras represent the 1% of the full dataset: these data are less representative respect to sea
and land areas and therefore are not individually shown in figure. However, data over coast areas
are included in overall (Full Disk) results. Sea areas represemhtist part of dataset with 66%,
while land areas represent the 32% of data.

As it can be seen by the plot, the results over land are quiteuroform, also without a seasonal
trend. Results over land range betwe4®% and 150%with a mean value (112%s#ry close to the
optimal requirement. Results over sea are better and mainly more stable respect to land ones, with
all values very close to the optimal requirement (mean value 98%). The results over the full disk area
confirms this accuracy (109%).

P-IN-ATMS vs DPR 2020/03 - 2021/05

L ..... :L m
S e

MAMJJASONDJFMAM MAMJJASONDJFMAM

Full Disk COI:Pn

T

AMJJASONDJFMAM

»
04
—

N

FSE (x100%)

Sea
66%

Figure 19: PIN-ATMS monthly accuracy evaluated respect to DRR over MSG full disk coverage for Land (a) and
Sea (b) areas. The results over Full Disk area is shown in the panel c). Background colors highlight the accuracy
definedby User Requirements in terms of FSE score. The horizontal black dotted line indicates the mean value. The

composition of the FD results in terms of different surface types (sea, land and coast) is shown in panel d.

More continuous statistical scores are shown in Sechi@¥.1.6
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5.3.3.4 Multi-Categorical statistics
The multicategorical statistics are shown below. Iack table, the first column indicates the
precipitation classes of the H SAF product, while along the columns are reported the reference (DPR

NS product) precipitation classes. The first class detects tledhoh y Of | && O n XKt W N c
secondclassdeSOGa (GKS fAIKG NIAY O6ndPHpXtwim YYKKOZ
NI GSa 6mMXtwsrmn YYKKOZ gKAES (GKS tladag 2yS Ofl a

The detection of naain areas for productdN-ATMS in comparison with DINS edmates reaches

the 98% of cases. Light rain rates are often underestimated, mainly over land and along coastlines.
Stratiform rain rates are detected in 49% of total cases and their underestimation is particularly
pronounced over land and along coastlinEsally, convective areas are detected in 20% of total
cases, with better values over land (21%).

Radar Land | Sea | Coast

Multi-Categorical Statistics

P-IN-ATMS vs GRD [0-0.25{ mm/h | [0.25-1[ mm/h | [1-10[ mm/h KM YYK
[0-0.25[ mm/h 99% [98% [98% |76% |67%)| 73%| 35% |26%)| 34%| 4% | 0% | 0%
[0.25- 1[ mm/h 1% (2% |1% [10% |16%| 13%| 16% | 19%| 17%| 7% | 5% | 0%
[1-10[ mm/h 1% |1% |1% |14% |17%| 14%| 47% |54%| 48%| 68% | 81%| 100%
XMA  YYk K 0% [0% [0% |0% |0%|0%| 1% | 1%| 1% | 21% |14%| 0%

Table29: Multi -categorical table for product RN-ATMS¢ radar validation over land, sea and coast areas. The
precipitation classes along the columns (rows) are relative to ground (satellite) precipitation.

Overall

Multi-Categorical Statistics

P-IN-ATMS vs GRD [0-0.25[ mm/h [0.25- 1[ mm/h [1-20[ mm/h XM Y YK
[0-0.25[ mm/h 98% 74% 33% 3%

[0.25- 1[ mm/h 1% 11% 17% 7%

[1-10[ mm/h 1% 15% 49% 70%

XMI YYKK 0% 0% 1% 20%

Table30: Multi-categorical table for product RN-ATMS¢ Overall validation. The precipitation classes along the
columns (rows) are relative to ground (satellite) precipitation.
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5.34 Annex to the precipitation quality assessment

5.3.4.1 Validation strategy, methods and tools

The quality assessmentprocedure, methodologiesand instruments used to assess the
performances of precipitatioproductsare described in this chapter

5.3.4.1.1 Validation team and work plan

To evaluate the satellite precipitation product accuracy, a Validation Group has been established by
the beginning of the Validation Phase in tHeSARproject. The Precipitation Product Validation
team is composed of experts from the National Meteorolagiand Hydrological Institutes of
Belgium, Bulgaria, Germany, Hungary, Italy, Poland, Slovakia, and Ttakés31). Hydrologists,
meteorologists, and precipitation ground data experts, coming from these countries are involved in
the product validation activitiefTable32).

OMSZ

Table31 Structure of the Precipitation products validation team.

Validation team for precipitation products

Name Institute Country e-mail
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: National Institute ofMeteorology and : _
Eram Artinyan Bulgaria | eram.artinian@meteo.bg
Hydrology (NIMH)

National Institute of Meteorology an :
Petko Tsarev Bulgaria | petko.tsarev@meteo.bg
Hydrology (NIMH)

Georgy National Institute of Meteorology an

Bulgaria | georgy.koshinchanov@meteo.b
Koshinchanov Hydrology (NIMH) 9 georgy @ g

Hungarian = Meteorological  Servi

Marta Di6szegh Hungary | dioszeghy.m@met.hu
ghy (OMS2) gary ghy.m@
Hungarian  Meteorological  Servi
lldiké Szenyan g g Hungary | szenyan.i@met.hu
(OMS2)
Hungarian  Meteorological  Servi
Dora Cséke d d Hungary | cseke.d@met.hu

(OMS2)

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

Institute of Meteorology and Wateg

Rafal lwanski
Management(IMWM)

Poland | Rafal.lwanski@imgw.pl

Slovensky Hydrometeorologicky Us

WEY Y Ez G

Slovakia | jan.kanak@shmu.sk

Slovensky Hydrometeorologickystav

]dzo2atl @ (SHMU)

Slovakia | luboslav.okon@shmu.sk

Slovensky Hydrometeorologicky Us

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

Marian Jurasek

SlovenskyHydrometeorologicky Ustd

. Slovakia | ladislav.meri@shmu.sk
(SHMU)

Ladislav Méri

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

Table32 List of the people involved in the validation of H SAF precipitation products (PPVG)
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5.3.4.1.2 Validation objects antsues

The products validation activity has to serve multiple purposes:
1 to provide input to the product developerif 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 Hydrological validation
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 phse of distribution limited tothe s® I f t SR a6 SG I dza S

Validation is a challenging task in the case of precipitation, both because the sensing principle from
space is very much indirect, and because of the natural spamevariability of the precipétion

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

LG Aa (y2ey GKFG Fy |06az2f dotteH $ApRdaidvaliddion 8NB y O
based on comparisons of satellite products viilropean ground data radar, rain gauge and radar
integrated with rain gaugéor case studies analysisn CDOB, with the release of more than 30
productsover the MSG full disk aredhe Validation Cluster had to develop new methodologies to
compare precipitation estimates on almost global area coverage. The Associated Scientist analysis
(H_AS16_03 DPC/CINSAC 2016) has been identified the DPR ¢(DPaquency Precipitation Radar)
onboard of GPMCO (Global Precipitation MeasurementCore Observatory) satellite as worthy
instrument reference for the estimation ohstantaneousprecipitation on a global scale. In
particular, the 2ADPR NS VO®PR was considered as most suitable protidor potential use

within the H SAPrecipitation Product Validation activityr instantaneous precipitation estimates.

For more details, refer t&ebastianelli, 2017.

For accumulated precipitation producisnstead, theT C(Brocca et al., 2014ethodology was used
to perform the validation activity. TC requires the simultaneous availability of three products with
mutually uncorrelated errors with similar spatial coverage, resolution and accumulation time.

In the following three sections, the validati methodologies and data used as reference to perform
the comparisons are described.

5.3.4.1.3 Validation methodology of INstantaneous precipitation products over Full Disk coverage

This methodology was developed in communion with European experts belonging ¥WCland it
is performed by CNISAC. All instantaneous satellite precipitation products, with extension area
over FD area, are evaluated following thesain steps

1 regriddng ofDPRand H SAF data versus a regular 0.5°-degiance grigl
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1 temporalandspatial matching betweeprecipitation products;
i statistical scores (continuous and mdategorical) evaluation;

Themethodologyproduces large statistic(both multi-categorical and continuoyscores.

DPR products used for validation

The spatial coverge of both rain gauge and ground radar networks is not suitable to detect
precipitation on a global scale. At the contrary, satellite observations provide estimates on a
synoptic scale, although there are some issues related to their accutaggs discased in the
VisitingAssociated analysis in comparison with ground radar netw®ekdstianell2017). The DPR

is aDual frequency Precipitation Radacated on board of the GPM Core Observateigure20).

It usesthe Ka (~35 GHz) aniku bands (~13 GH®) construct threedimensional precipitation and
drop size distributiormaps The GPM Core Observatdiigure20) flies in a norsun-synchronous
orbit at 65 inclination to cover a larger latitudinal extension with respect to the TRMM orbit, which
extended from 38Sto 35°N. Both Ku and Kaband radars pdorm crosstrack type scans
(perpendicular to the direction of the satellite motion) estimating the precipitation during the day
and the night over land and ocean. Thelkand radar performs a normal scan (ld&Quisition mode

that is composed by 49 footmts (IFOV) of 5 km in diameter. In fact, away from the scanning center,
footprints tend towiden 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 250 Ka-hhed radar

can perform a matched scan (MS) or a high sensitivity scam{g&sition 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 km iardeter and the swath is 128n. WhenKa-band 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 swakigureshows the different DPR scanning modes with
respect theflight 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 (range rekion). 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. Apart the othe
problems which affects the DPR estimatie 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 cluttex monmeteorological echo which causes

an overestimate of precipitations.

DPR products (level 2A) referred to single frequency radar a2 RAKaMS and 2AKaHS, as
showed inFigure21. 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
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related to the NS kband, or to the MS or HS #and, and the corresponding DPR products for
prEs are 2MPRNS, 2ADPRMS and 2ADPRHS, respectively. Results of Visiting Associated activity
(Sebastianelli, 2017) highlight as-PARRNS product performseiter with respect to grouneébased
radar estimates. For this reason, the prEs ByOERNS product (hereafter also referred as DRE)
was used as precipitation reference to validate th&Alsatellite precipitation products.

GMI:
10-183 GHz

Range
resolution
=250

DPR:
Ku—Ka bands

KaPR (35.5 GH2

¥ swath width=125k

DPR consists of:
Ku-band (13. 6 GH2) radar: KuPR and
Ka-band (35.5 GHz) radar: KaPR

vidth

931 km

Figure2d The GPM Core Observatory and the GMI and DPR ground tracks.
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KuPR
O KaPR (Matched beam)
© KaPR(High sensitivity beam)49

Figure21 Different DPR scanning modes with respect to the flight direction.
The Normal Scan corresponds tebad radar,
whereas matched and high semgitiscans are performed by-and radar.

Common procedure for the validation with DRYRS
The comparison between DMRS andH SAFprecipitation products is performed followintpe
procedurebelow described

Selection of synchronodsita (first check)

Both DPR and H SAF filenames contain the start and finish time. Only files with consistent time
intervals are considered and evaluated to aviimde-consuming useles®omputation.

Data regridding over regulagrid

Both, DPR and H SAF data arggnidded over the same equilistance 0.5° grid. All satellite
parameter (continuous) values are averaged over the new grid cell. For discrete parameters (such
as sea/coast/land flag or precipitation phase flag) the most frequent value is considered.

Temporal andpatial matching betweethe two regriddeddata

DPR and H SAF gridded data are tempaenadl spatial matched. Only overlapping grid cells with
maximum time differencewithin £15 minutes(from the average time of validity of thél SAF
product) are stored ad evaluated for statistical score analysis.
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5.3.4.1.4 Validation methodology of ACcumulated precipitation products over Full Disk coverage

In order to assess the quality of accumulated precipitation products over FD area the new TC
methodology analysis was sucsgdly tested byBrocca et al. (2004 Thistechnique requires three
wholly independent rainfalllatasets orglobal scale withouthe availability of grounebased rainfall
accumulationdata.

Given three estimates of the samariable, the main assumptions of tHe&Cmethod are the (i)
stationarity of the statistics, (ii) linearity between the three estimaigs. the same target) across
all timescales and (iii) existenoéuncorrelated error between the three estimates.

TC preides error and correlations of three products if each of theesis afflicted by mutually
independent errors.

The main steps of th&Cvalidation procedure are:

1 temporal(daily) and spatial (0.5° x 0.5° grid) matching betwtbeee precipitationdatasets
1 TC main procedure;
i statistical scores (continuous and mdategorical) evaluation;

The methodology, as the previous one, produlzege statistic(multi-categorical and continuous)
scores.

For more details on the TC main procedure, see th8A# Visiting Scientist Final Repttted
oLeveraging coincident soil moisture and precipitation productsirfgproved global validation of
satellite-basedrainfall products  Gh&nF.and CrowWT.

https://hsaf.meteoam.it/VisitingScientist/GetDocument?fileName=Final Report H AS18 04.pdf

Data and products used

In thisanalysis TC is applied to theminfall accumulatiorestimates derived fronH SAF satellite
product and byGPCCQGlobal Precipitation Climatology Centre

https://climatedatagquice.ucar.edu/climatedata/gpcecglobalprecipitation-climatologycentre) and
GLDASGlobal Land Data Assimilation Systéips://Idas.gsfc.nasa.gov/gldagrojects.

GPCC
The GPCC provides griddgaligeanalysis productderived from qualitycontrolled station data. In
this analysis is used the GPCC First Guess Daily Product (hereafter named as GPCC): daily global lanc


https://hsaf.meteoam.it/VisitingScientist/GetDocument?fileName=Final_Report_H_AS18_04.pdf
https://climatedataguide.ucar.edu/climate-data/gpcc-global-precipitation-climatology-centre
https://ldas.gsfc.nasa.gov/gldas
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surface precipitation based on the station database (SYNOP) available via thal Glo
Telecommunication System (GTS) of the World Meteorological Organization (WMO) at the time of
analysis (3 5 days after end of the analysis month). This product contains the daily totals for a
month on a regular latitude/longitude grid with a spatiasplution of 1.0° x 1.0° latitude by
longitude.Interpolation is made for the daily relative quota of the monthly total, i.e., the daily total
divided by the monthly total, the latter has the D8:5676/DWD_GPCC/FG_M_106e temporal
coverage of the dataset ranges from January 2009 to the most recent month for which GTS based
SYNOP data is available, i.e. the previous monrEh¢g&ys after its completion. Figure22is shown

an example of spatial extension and resolution of the GPCC product.

GPCC Monitoring Product Gauge—Based Analysis 1.0 degree
precipitation anomaly for Mag 2012 in"mm/month
(deviation from normals 1951 /2000) (grid based)

SON

180 1200 18l G0OE 120E 180
{c) GPCC 2012/8,/12
[ D B
=70 =50 —30 =10 10 30 a0 70

305

Figure22 Example of data available in GPCC. The daily precipitatiosethita TC methodology have the spatial extent
as shown in the figure and the spatial resolution of 1.0 degree

GLDAS

NASA Global Land Data Assimilation System Version 2 (Q)L.B#@sSthree caomponents: GLDAS.0,

GLDAR.1,and GLDAS.2. GLDAZ.0 is force entirely with the Princeton meteorological forcing

input data and provides a temporally consistent series from 1948 through 2014.

GLDAR.1 is forced with a combination of model and observation data from 2000 to present.

GLDA&.2 product suites use tia assimilation (DA), whereas the GLEA® and GLDAZ1


http://dx.doi.org/10.5676/DWD_GPCC/FG_M_100
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products are "operoop” (i.e., no data assimilation). The choice of forcing data, as well as DA
observation source, variable, and scheme, vary for different GIZZA&oducts.

The 3hourly data poduct was simulated witthe Noah Model & in Land Information System (LIS)
Version 7(https://lis.gsfc.nasa.gov/sites/default/files/LIS/public_7 3 releases/LIS_usersguide.06
dec2021.pd). The data product contains 36 land surface fields from Januay @0gresent.

In this analysis GLDARSL data are used. These data are archived and distributed in NetCDF format
(DOI:10.5067/E7TTYRXPJKWOQ)Figure 23 is shown anexample of spatial extension and
resolution of the GLDAS product used.

GLDAS_NOAH025 3H.2.1 03Z01Jan2000
Soil moisture content (0 — 10 ¢m) [kg m—2]

Figure23 Example of data available in GLDAS. ‘oeifdy precipitation data used in TC methodology have the spatial
extent as shown in the figure andgpatial resolution of 0.25 degree

GLDAS 2.1 uses GPCC observations via the ingestion of the disaggregated Global Precipitation
Climatology Project (GPCP) V1.3 Daily Analysis precipitation fields. In order to assess whether this
has an impact othe TCandysis, pixebased cros€orrelated errors between GPCC and GLDAS by
guadruple collocation (QC) analyesve been calculate(Perdicca et al., 2015, Gruber et al., 2016)
using GPCC first guess data, GLDAS 2.1, ERA5 and SIM3RAINderived daily rainfailthe global

scale. QC is a viablgay to estimate the crossorrelated errors between twof the datasets
included in the quadruplefsee Chen et al. 2020).
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The analysis hdseen carried out at 0.25° of spatial resolution for the year 2017. Despitadb®f

a single year, the analysis shows thedss correlated errors betweegBPCC and GLD&® very low

(R=0.05 in median). If we zoom over the H SAF Extended Area (HEA) the median value decreases to
0.044 (sed-igure24 andFigure25). In the inset it is reported the histogram of thevRlues, showing

how most of the pixels provided very low values of error correlation. This point should assure the
independence of the datets used for performing the analysis and thus, should allow to use TC
analysis for validating H SAF products not only over the HEA, but also at the global scale.

100 Error correlation between GPCC and GLDAS - Median R=0.05
T T T

80—
60
40

20

-100 1 1 i i
-200 -150 -100 -50 0 50 100 150 200

Figure24 Cross correlated errors between GPCC and GLDASobwadisghle for the year 2017.

H SAF Extended Area - Median R=0.044

M .
60 - ¥

-0.2

-0.4

-0.6

-0.8

20 40 60

Figure25 Cross correlated errors between GPCC and GLDAS over H SAF extened area for the year 2017.
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5.3.4.1.5 Large statistic

The large statistical analysis allows to point out the existence of pathological behavior in the satellite
product performanceThe application of the same validation technique step by ssegpuaranteed
in all institutes take part of the PP\&&d in bothvalidation methodologies above described.

The large statistical analysis in PPVG is based on the evaluation of monthly and s8astinabus
verification and Multi-Categoricalstatistical scores on ontull year of data It was decided to
evaluate both ontinuous and multcategorical statististo give a complete view of the error
structure associated taghe H SAF productSince the accuracy of precipitation measurements
depends on the type of precipitation or, to simplify mattem) the intensity or accumulated
precipitation, the verification is carried oubn three precipitation classegfor accumulated
precipitation productsps descripted iTable33.

Accumulagd 1 2 3
Precipitation - ) :
ClassegCR) O1 mmdaily O 5mm/daily 010 mmdaily

Table33 Classes for evaluating cumulated precipitation products

The impact of different background is also considered in the product performances. Statistical
scores are separately computed for land, sea and coast afba$recipitation Product Validation
Leader collects all validatioresults as computed by Europeamstitutes, verifies the consistency of
theseresults and evaluates the monthly and seasonal common statistical results

Continuous statistics
Continuous statistics are provided for each month and season of assessrhenmain statistical
scores are herésted:

Perfect _
Score Acronym | Range Calculation
score
Number of &tellite
NS N.A. N.A. N.A.
samples
Number of Referencs
(radar/rain gauge) N N.A. N.A. N.A.
samples
. . 1N
Mean Error or Bias | ME -k uZz2o ME =Na(satk - obs, )
k=1
Mean Absolute Error i 1N
MAE n uz|o MAE :Na | sat, - obs, |
k=1
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Perfect :
Score Acronym | Range Calculation
score
StandardDeviation . 1N 5
SD n uz2|o0 SD :\/a (sat, - obs, - ME)
k=1
18
Na st
Multiplicative Bias | MB -k 021 MB :1N1—
o]
—a ob
N & O
Correlation cc = i1 (saty — sai)(obsy — obs)
. CC -1tol |1 " en " —
Coefficient J2k=1(satk —sat)? YN_,(obs; — obs)?
Root Mean Squarg
Error . 1./ 2
RMSE |n G2|0 RMSE = = § (sat, - obs,)
(or Root Mean Squar ]
Difference)
Fractional Standarg Py .
FSE n uz2|o0 FSE = [RMSE /o] #100%
Error (%)

Table34 Continuous statistical scores

In the Table34:

- N represents the total number of observation samples and equivales to all satellitel@biesn
pairs for computing all the statistical scores;

- NS indicates the number of product satellite estimates with given characteristics (e.g.; with
estimated rain rate > 1 mm/h);

-GKS AYRSE a1¢ NBLINBaSyida K Saleofiheicdmmon rdfeyerce (i S YL
grid;

- obsand sat stand for rainfall value acquired by reference observations and satellite estimations
respectively

The FSE score represents the accuracy HoEAF satellitgorecipitation products. The User
requirementsthresholdsare below indicated
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Accuracy foilGv  x  mailyy Y K

Threshold Target Optimal

FSE% = 200% FSE% = 150% FSE% = 100%

Table35 Precipitation product requiremer®R)

The FSE score is not appropriate to define d@lseuracy in the TC methodology. In this case the
Correlation Coefficient (CC) is used to define the product accuracy with thresholds as below
indicated:

Accuracy forall precipitation rates ( w > drily)Y Y K

Threshold Target Optimal

CC =0.50 CC =0.65 CC=0.80

Table36 PR for accumulated precipitation products using TC methodology

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 negativeg forecast no
total observed yes observed no total

Table37 Multicategorical statistics contingency table

where:

hit: Sabk wand Obgk w
miss: Sat<Rn and Obsgx w
false alarm: Satbk wand Obg<Rn

correct negative:  Satk<Rn» and Obg<Rn

Rrnisthel KNBaK2f R 06SG6SSy (canitiors.Nie sofrés evalidked froyhhe NI A
contingency table are:




Doc. No: SAF/HSAF/OpRep/2021_S1 S2
EUMETSAT OperationsReport Version: 1.0
H SAF 2020 S1/S2 Date:18/07/2022
Pagei75/145
Perfect .
Score Acronym | Range Calculation
score
Probabilit Of hits hits
. Y POD Otol 1 POD =— . =
Detection hits + misses  observed yes
False Al R EAR 1 FAR = false alarms _ false alarms
alse Alarm Rate 0to 0 hits +falsealarms forecast yes
Critical  Succes _ hits
Csl Otol 1 CSl =— ,
Index hits + misses +false alarm
Table38 Multicategorical statistics scores
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5.3.4.2 Precipitation Products Quality Assessment Results:
continuous statistical scores on monthllyasis andmnaps

5.3.4.1.6 P-IN-SEVIRI (HO3B) product results over FD area

PR>=1mmh”’
Mean Error

JJASONDJFMAM

Mean Absolute Error

JJASONDJFMAM

Root Mean Square Error

1o} . T 7 25/
- 8 3

‘- X 2]
o
£ 6 S
=

E 4 X 1.5

2! b

JJASONDJFMAM
Sea Land Coast

[mm h'1]
N I M O

Standard Deviation

JJASONDJFMAM

Multiplicative Bias

JJASONDJFMAM

vvvvvv

JJASONDJFMAM

Figure A: Monthly validation results for AN{ 9 + LwL 2 @SNJ C5 | NBI NBf I GAQGSt &
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Latitude °N

P-IN-SEVIRI vs DPR over Full Disk
2020/06 - 2021/05

<ME> = -0.18 mm h™’

g =

L

0 20
Longitude °E

Figure & ME map for AIN-SEVIRI isomparison with DPRS estimates over FD area for the full period indicated.
Theaveragevalue (-0.18mm/h)is also indicated.
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5.3.4.1.7 P-AGSEVIRI (HO5B) product results over FD area
P-AC-SEVIRI
06/2020-05/2021

CC over FD area by TC methodology [0.61]
- ST - —

Latitude °N

Longitude °E

Figure A8: CC (PR) map over FD area obtained BWGSEVIRI (24h) product using the TC methodology.
Period of analysis and mean score value (0.61) are also indicated.

P-AC-SEVIRI
06/2020-05/2021
RMSE over FD area by TC methodology [6.99 mm/d] rmse [mm/day]

T T R e
. : <& ==
-

60

115

Latitude °N

410

-40

Longitude °E

Figure Al: RMSE map over FD area obtained BA@SEVIRI (24hroduct using the TC methodology.
Period of analysis and mean score value (6.99mm/daily) are also indicated. Note: error increases dramatically near
the edges of the domain due to the observation geometry of the MSG.
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P-AC-SEVIRI
Mar 2021
CC over FD area by cc
Fﬁé T T 1
% 2> 0.8
60 [ . 2P
. ¢ ﬁ 0.6
40 0.4
£ 20 %aa- {0 1 e
f’; 5 ”’ 6z 0
S -0.2
-0.4
e Y -0.6
N | -0.8

- -1
-80 -60 -40 -20 0 20 40 60 80

Longitude °E

Figure /&: CC (PR) map over FD area obtained BYGSEVIRI (24h) product using the TC methodology in June
2019.The mean score value indicated (0.56) represents the worst monthly result during the period analysed.

P-AC-SEVIRI
Nov 2020

CC over FD area by TC methodology [0.61] cc
= T i e ! | 1

0.8

0.6

0.4

0.2

Latitude °N

-0.2

-0.4

-0.6

-0.8

-80 -60 -40 -20 0 20 40 60 80
Longitude °E

Figure /: CC (PR) nmover FD area obtained by-RGSEVIRI (24h) product using the TC methodology in April 2020.
The mean score value indicated (0.61) represents the best monthly result during the period analysed.
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5.3.4.1.8 P-IN-ATMS (H18) product results over FD area

PR>=1mmh’’
Mean Error 4 Standard Deviation _

MAMJJASONDJFMAM MAMJ JASONDJFMAM
Mean Absolute Error Multiplicative Bias
2.5 1
e 2]
£
é 1.5
0 T e e e S
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Root Mean Square Error Fractional Standard Error
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Figure A: Monthly score results for#N-! ¢ a{ 2 @SNJ C5 | NBI NBftl GAQSt @
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5.4  Soil Moisture Products Quality Assessment
5.4.1 Quality assessment for producdSM ASCAT NRT [HB8)

Product ID (Acronym)

HO8 (SSM ASCAT NRT DIS)

Product name

Smaliscale surface soil moisture by radar scatterometer

Software versior] Latest version: WH_NRT 1.2
I BEET Version considered for Q.A.: WH_NRT 1.2
ATBD version 1.1

Covered period

01/06/2020¢ 31/05/2021

Q.A. methods applied

Continuousstatistics

/12 wa{52Z

L1 {

54.1.1

0.9
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v D
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Figure26i Pear sono6 s
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In situ observations
Requirement (CC)
Median Correlation Coefficient (CC
Thresholg Target Optimal
Period SMOSMANIA
JJA 0.27
0.50 0.65| 0.80 SON b
DJF 0.56
MAM 0.52
June 2@0- May 221 0.72

Table39Median Correlation Coefficient (CC) for the comparison between the test data set and in situ observations.

541.2 Conclusions

In this report, the validation of the test data set through in situ data is camwigdfor the period
June 2020 May 2021.

It is obtained that in terms of median performances at annual scCEbdI€39), the test data set
overcomes the threshold aacacy requirements for 10 out 17 stations, and for 9 stations the target
accuracy is exceeded. The median Correlation Coefficient (CC) for thepehiolé is equal to 0.72
(Table39). By considering the-onth periods, the higher values are obtained in the SON period
(CC=0.68) and the lower in the JJA period (CC=0.27).
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5.4.2 Quality assessment for product SBIAS2 (H14)

Product ID (Acronym)

H14(SMDAS2)

Product name

Soil Moisture Profile Index in the roots region retrieved by surf
wetness scatterometer assimilation method

Software versior Latest version (from 01/06 to 22/11): | 41r2

P Latest version (from 23/11 to 31/05): | 43rl
Version considered foQ.A.(from 01/06 41r2
to 22/11)::
Version considered for Q.A.(from 23/] 43r1
to 31/05)::

ATBD version 0.2

Covered period

01/06/2020¢ 31/05/2021

Q.A. methods applied

Continuous statistics

RMSD, ME, SD, CC
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5.4.2.1 In situ comparison

a) Pearson CC USCRN (Surface) b) Pearson CC USCRN (Rootzone)

1.0 1.0
0.8 L 0.8 ;
0.6 0.6
0.4 0.4
0.2 0.2
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1.0 c) Pearson CC SNOTEL (Surface) 1.0 d) Pearson CC SNOTEL (Rootzone)
0
0.8 0.8
0.6 0.6
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0.2 , 0.2
0.0 cC CC_ano 0.0 cC
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Figure27Box plots of CC values between in situ observations aBdASRIfor the period 202&01 until 2020531.
The surface SM scores are on the left and include the CC and anomaly C&ofeeSbbscores are on the right and
include the CC only (anomaly CC not relevant for theoramt
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5.4.2.2  Global Triple Collocation

Pearson correlation coefficient (R)

Global

EEm 5.6 %: No valid results
264 %:R<05
=0 24.1 %: 0.5 >R < 0.65
- 271%065>R<08
N 16.7 %:R>0.8

Figure28Summary of validation results of H14 NRT for the perie@&DR0ntil 2020531. The percentage of raalid
is shown for glbal map. The valid results are further divided into thkefined thresholds. The map on top depicts the
spatial distribution of the different groups.

54.2.3 Conclusions

The SMDAS2 product was validated for the period 1/06/2020 to 31/5/2021 using in situ
observations and comparisons with other land surface/hydrological model outputs. The statistical
scores presented were based on the common validation methodology outlined at the start of CDOP
2 (Annex 2 in Albergel et al., 2011).

To assess the degree of cphance of the product with requirements, 358 (269) stations with in situ
surface (rootzone) measurements over 4 networks (3 in the USA and 1 in France) were used for the
validation. The in situ measurements were taken using electromagnetic techniquieh priovide
indirect but accurate soil moisture observations with a frequent temporal sampling (typically
hourly). A quality control screened data during frozen conditions. In general, the results
demonstrated adequate correlations between H14 and thetun data, with an average CC of 0.60
and 0.59 for the surface and roabne respectively, which are in between the threshold
requirement of 0.50 and the target CC requirement of 0.65.

The validation results with triple collocation indicate a gpedformance for global product, except
for parts of North America, Northern Europe akdestern Australia (se€igure28). On a global
scale, a lower performance of th¢14 NRT can be found in areas with low soil moisture dynamics
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(e.g. deserts) or at higher latitudes. In the latter case, frozen soil and snow cover make it difficult to

retrieve reliable soil moisture information. Therefore, in these regions only sumrmathma can be

used for validation. Looking at the distribution of the results and comparing them against the

threshold/target/optimal requirement shows that more than 75% (SIRRarson R) of the locations

are exceeding the minimal threshold. Only a smaficgntage of regions (SNR and Pearson R 25%)

are below the minimal threshold requirements.

5.4.3 Quality assessment for product SSNSCAB-NRT 012.5 (H16)

Product ID (Acronym)

H16 (SSM ASCABINRT 012.5)

Product name

Metop-B ASCAT NRT SSM orbit geometry krd.Sampling

Software versior| Latest version: 5.0.0
Sl Version considered for Q.A.: 5.0.0
ATBD version 0.2

Covered period

01/06/2020¢ 31/05/2021

Q.A. methods applied

Continuous statistics

SNR, Pearson correlation coefficient
TCA
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5.4.3.1  GlobalTriple Collocation

(a) (b)

wm— optimal e target = threshold == pptimal === farget === threshold
20 1 1.00 q
T 15% 24%
0.75 1
15 4 29% 44%
0.50 43% 61%
= .
=)
';' 10 A
= — 0.25
] -
C:-J 30% 36% o
2 s S 000
= 49% 56% g
8 7]
= 68% 74% B -0.25 4
T 0 3 3
c
o
o ~0.50 -
_5 4
—0.75 A1
-10 -1.00

G'Olbal Commlﬁed Area G|Olba| Commm]l:ed Area

Figure29The boxplots indicate the distribution of the quality benchmarks globally and just for the committed area.
The percentage of locations exceeding each of the three thresholds is indicated as well

Pearson R

B NaN

Non-committed area

2.8%: 0.65 < R<0.8 ‘
5.2%: 0.5 < R < 0.65 v

Committed area

EN 20.7%:08 s R =1 N 1.1%:08 sRs1
s 16.6%: 0.65 = R<0.8

15.3%: 0.5 = R < 0.65
B 35.8%:-1 = R<0.5 Bmm 39.3%:-1 = R<0.5
mm 11.7%: NaN M 51.6%: NaN

Figure30Summary of validation results of H16 NRT for the peric@6@R0ntil 2020531. The percentage of Aalid
and valid results is split into the committed andooommitted product area. The valid results for both aredsirther
divided into the prdefined thresholds. The map on top depicts the spatial distribution of the different groups.
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5.43.2 Conclusions

The validation results with triple collocation indicate a good performance for the committed product

area, except for parts of North America, Northern Europe and Western Australigigsee30). On

a global scale, a lower performance of the H16 soil moisture NRT can be found in areas with low soil
moisture dynamics (e.g. deserts) or at higher latitudes. In the latter case, frozen soil and snow cover
make it difficultto retrieve reliable soil moisture information. Therefore, in these regions only
summer months can be used for validation. Looking at the distribution of the results and comparing

them against the threshold/target/optimal requirement (ségure29) shows that more than 74%

(SNR) and 59% (Pearson R) of the locations are exceeding the minimal threshold and quite 56%

(SNR) and 42% (Pearson R) are above the target tHte&lrahe committed product area. Only a

small percentage of regions (SNR 36% and Pearson R 23%) are below the minimal threshold

requirements.
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5.5 Snow Products Quality Assessment

5.5.1 Quality assessment for produ&NOBS1 (H10
See sectio®.5.1

5.5.2 Quality assessment for product SBBS2 (H11)
As specified in sectiof.1 H11(SNOBS2) is not a target prduct and the validation of this product
is not foreseen for this OR11.

5.5.3 Quality assessment for produdtScE (H12)
See section

5.5.4 Qualty assessment for produtt SNOBS4 (H13)
Product ID (Acronym) | SNOB& (H13)

Product name Snow water equivalent by MW radiometry
Algorithm version Latest version: 1.0
UGS Version considered for Q.A.: | 1.0
Covered period 01/10/2020¢ 31/05/2021

Q.A. methods applied | Continuous statistics RMSE

Contributing countries FL,PLTU GE

In this Chapter the validation results of the-8IB$4 (in this report with internal H SAF identifier
H13)long statistics analysis for the snow season (1.1202(081.05.202) are reported.

Validation has been performed over Finlaamtd Turkey, with additional details in the report, and in
Poland, Germanyeach CountryalidationTeam contributes to long statistic validation by providing
the seasonal statistical scoreBhe esults are show separately for flat and mountainous areas (if
applicable), since the product requiremerttavedifferent thresholds irthe two areas. Where not
applicable that is ifno distinction is made) the stricter rules of thheountainousareas areaken
into account.

To assess the degree of compliance of the product with product requirem@&iatsig40), the
contributing SPVG members provided the long statistic residtlowing the standardvalidation
methodology.
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Area Threshold Target Optimal
flat (RMSE) 40 mm 20 mm 10 mm
mountain (RMSE) | 45 mm 25 mm 15 mm

Tabled0Product requirements for product-GRS4

554.1 Validation in Finland
Description of validation data

EUMETSAT-8AF Snow Water Equivalent (SWE) product H13 on flat areas is baassiritation

of ground based Snow Depth (SD) observations and space tadizeneter(SSMI/S) deriveBWE
estimates. Since SD data are used as input to the algorithm it means that an independent data set
describing SWE is required.

In this validation effd Finnish Environment Institutes (SYKE) snow course measurements have been
used. SYKE estimates SWE with both snow depth and snow weight measurements. These actions
are conducted on a course (typically length e4 Zm) and including multiple types of dmuse.
Resulting SWE is average of these measurements and thus a good representative of a radiometer
resolution (~ 25 km) pixel. There are altogether 150 active snow coufSgsré 31) and
measurements are performed once or twice in month.

Figure31Snow course locations in Finland
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Validation results

H-SAF H13 SWE was validated for period from Oct 1 2020 to May 31 2021. Scatterplotspio®) KE
course SWE versus H13 SWE estimate are presenkgure32.

Estimated SWE [mm]

HSAF-H13 SWE accuracy - Finnish snow course data, winter 2020 - 2021
T
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rms (no bias correction) 37.8151
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Figure32Scatterplot of SYKE snow course SWE vs. H13 SWE estimate.

Statistical figures obtained were bias of 2.5 mm, RMS without bias correction 37.8 mm, RMS with
bias correction 37.7mm, and correlation coefficient 0.68.

In Figure 33 the same results in scatterpldtigure 32 are presented in an alternative fashion
withaverage values and error limits
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Figure33Scatterplot of SYKE snow course SWE vs. H13 SWE estimate
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In Figure33 an underestimation of SWE is seen when SWE > 150 mm. This is typical behavior of the
algorithm snce with large values of SWE radiometer SWE estimates saturate.

Conclusions
H-SAF product H13 (SWE) validation limits for flat lands are based on RMS value with following

figures:

Number of cases 562

Standard Deviation --

CorrelationCoefficient 0.68

Root Mean Square Errdmm) 37.8

Root Mean Square Errdfo) --

Tabled41Statistical scores for validation period January R@Pdrch 2021 for Finland

In this validatiorRMS value 37.81m was obtained. This is in between target and threshold value.
Compared to validation period 20420 the bias and RMS have slightly larger values, due mainly
to underestimation in cases with snow cover over 100 cm.

5.5.4.2  Validation in Turkey

The validation oSnow Water Equivalent (SWE) from microwave imagery from SSMI/S (merged H13
product) is performed by using the snow depth measurement obtained from the ground
observation network of Turkish State Meteorological Service (TSMS). The locations of all available
AWOS (automated weather observing system), SPA (snowpack analyser), and synoptic gtations o
TSMS are presented Figure34.
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Figure34TSMs AWOS, SPA and Synoptic stations reporting snow depths.
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The insitu data falling in the mountain mask are included in the validation analysis. The validation
dataset covers the period of January 202March 2021 and 1282 measurements collected from 68
stations (AWOS: 62, SPA: 6) have been utilized in the validation study for the mountainous areas (cf.
Figure 35). The H13 Validation routine developed in the MATLABrenment is used in the
validation study. The average snow depth value for the abueationed validation interval is
calculated as 23.51 cm.

LEGEND DER
. 5559
0 75150 300 450 600 v Station Type m
R —— Z
L 7 ﬂ ® synopTIC [ ]
% spa e
A Awos ~—-33m

Figure35AWOS and SPA stations used in the validation.

Methodology
In-situ measurements are compared individually with the corresponding 25 x 25 3&MI/S

footprint. For each measurement location the elevation of the weather station is compared against
the SSMI/S pixel median elevation where the measurement falls insidenie. dié¢vation difference
0S0G6SSy G(G(KS YSI adaNBYSyid t20FiA2y |yR GKS LAE
meters, that weather station is excluded from the validation analysis. Since the SWE product is
developed for dry snow conditions, the valitbn period is selected as January to March. The results

are presented imMable42 The results for validation period Jan 202%ar 202Xor the 2021 water

year. The smparison between the retrieved and observed SVekles is presented iRigure36.

Range Meas. Calc. SWE| Stand. Dev. Data Mean Error
(mm) SWE (mm) Count
(mm)
0-25 0.27 33.41 1.42 656 -33.13
2550 42.50 53.89 4.98 36 -11.39
50-75 64.89 58.75 7.75 66 6.14
75100 89.65 82.18 6.19 184 7.47
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100125 112.56 100.68 7.16 221 11.88
125150 133.96 110.50 6.08 105 26.75
150175 154.10 135.12 3.21 10 31.16
175200 186.00 165.59 8.98 4 20.41

Tabled2 The results for validation period Jan 2024&r 2021

The calculated mean snow water equivalent values obtained from H13
corresponding to measured snow water equivalent values for the period

lan 2021 - Mar 2021
200

180
o RMSE=40.00 mm
140
120

100

Average Calculated SWE (mm)+/-5td. Dev

0 20 40 60 8O 100 120 140 160 180 200

Average Measured SWE (mm)

Figure36The calculated mean snow water equivalent obtained from H13 corresponding to measured snow water
equivalentvalues for the period Jan 202ar 2021

The SWE observatisfrom the SPA statiofi.e.,17777)are canpared withthe H13 SWE values (cf.
Figure37). The H13 SWE underestimation for March and April is seen in the figure.
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— S\WE_SPA @® hi13 swe

Figure37SWE measurements from SPA station 17777 versus H13 SWE values.

Conclusions

The amount of ground dataised in the validation study is limiteddditionally, the ground
measurements are not evenly distributed within the resolution elemgthtsrefore,the whole area

of individual footprint is not examined. The coarse spatial rasmiuand the penetration
characteristics of the SSMI/S instrument for shallow and deep snow lead under and over estimation
in the SWE retrieval. The overall RMSEJfmuary 2021 March 2021is 40.00 mm, the RMSE is
calculated as 40.54 mm, 39.31 mm and73mm for January, February, and March, respectively.
The results indicate that the threshold user requirement which is 45 mm for the mountainous areas
is already satisfiedReferring toFigure33, one can se¢he underestimation of SWE when ground
truth SWE is larger tharbD mm. This istypical behaviar of the algorithmsince with large values

of SWE, the signal of thradiometer is saturated. The maximum snoepth observed in 2021 was
95.34 cm and the average of the observed snow depttr 68 stations was 23.51 cm.

Statistical scores of H13 product validation&® > 2Znm, in the snow period that goes from January
2020 to Mach 2020, is presented ifable43.

Number of cases 1282

Standard Deviation --

Correlation Coefficient --

Root Mean Square Errdmm) 40.0

Root Mean Square Errdfo) --

Table43Statistical scores for validation period January R@drch 2021 for Turkey
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Scores for continuous statistics suggest good correspondence of SWE values derived from H13
product and ground measurementhe overalRMSEof 40.0 mmis over threshold of 45 mm over
mountainous areas, albeit far from target levels. This may be also due to a lack of snow cover in
Turkey during winter 202Q021

5543 Validation results in Poland

Statistical scores of H13 product validation&® > Znm, in the snow period that goes from January
2021 to February 2021 is presented able44.

Number of cases 1095
Standard Deviation 111
Correlation Coefficient 0.82

Root Mean Square Errdmm) | 16.3

Root Mean Square Errdfb 0.6

Tabled4 Statistical score for validation period JanuaryiZzb@iruary 2021 for Poland

Scores for continuous statistics suggest gaodrespondence of SWE values derived from H13
product and ground measurementVinter 202021 had a good snow cover and 1095 cases were
taken into accountin those cases, the over&®MSEf 16.3 mmisvery good and at target levels.
5.5.4.4  Validation results inGermany

Statistical scores of H13 produante validated onlyor 20 mm < SWE(H13) < 100 mmthe snow
period that goes from December 2020 to April 2021 and the results are preseniadbiedb.

Statistics Scores

Number of cases 1957
Standard Deviation 20.4
Correlation Coefficient 0.22

Root Mean Square Errdmm) | 32.8

Root Mean Square Errdfo 0.74

Table45Statistical scores faralidation period December 202(pril 2021 for Germany
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Scores for continuous statistics suggest rather good correspondence of SWE values derived from
H13 product and ground measuremetaluatedwith snow depthof more than 20 cm. The value

of RMSEof 32.8 mmlies above thethreshold and the statics is rather good, with 1957 cases
analysed.

5.5.4.5  Conclusions: Product requirement compliance

As shown inTable46, the statistical scores obtained by the validation of H13 in SPVG satisfy the
Product Requirements, with RMSE between threshold and target vadwdkareasSince the SWE
product is develped for dry snow conditions, validation periodimsited to some winter months;

as in the beginning go of winter there were some months with very little snow (or even without!).
In Finland the whole period is considered, in this country in 2021 more shaw usual was
observed, and this affects clearly the statistics, with a rather large RMSE of 37.8 mm

In this validation a RMSE valued®,0mm was obtained for the mountainous ar®af Turkey and
an average oRMSE 029,0 mm for the mostly flat areas of Finland, Germany and Poland; both
valuesare between threshold and targetbest performance are obtainedin the flat areas, as
expected.

The reportedrinnishand Turkisttase studies shasvas usuahat underestimationarise when SWE
values are larger than 150 mrand in this snowich winter there were many cases. In case of low
snow depths the same studies show that product H13 generally overestimate SWE values.

Area Threshold Target Optimal
flat (RMSE) 40 mm 20mm 10 mm
mountain (RMSE) | 45 mm 25 mm 15 mm

Tabled6Compliance analysis for product H13

5.5.5Quality assessment for produ@ED-SEVIR(H34)
Product ID (Acronym) | SED-SEVIRH34)

Product name Snow Detection by VIS/IR radiometry
Algorithm version Latest version: 1.0
TV ES Version considered for Q.A.: 1.0
Covered period 01/10/2020¢ 31/05/2021

Q.A. methods applied | Multi-categorical statistics POD, FARHit Rate, False Alarm)

Contributing countries BE DE, FL, IT, PL, TU
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Contributinginstitutes CIMA

In this Chapter, the validation results of th#84 SED-SEVIRIong statistics analys for the snow
season (1.10.202031.05.2@1) are reported.

SED-SEVIRI (Snow Detection by VIS/IR radiometry covering full MSG Ehgkreport with HSAF
identifier H34) is an +$AF snow product including daily srdetection maps based on visible/near
infrared (VIS/NIR) data from the Spinning Enhanced Visible and Infrared Imager (SEVIRI) on board
of Meteosat satellites. The algorithof H34 largely builds on-BAF products H10 and H31, which

are both currently operational. Compared to H10, which provides binary map of snesmow over

the HSAF area (25°N to 75°N latitude, 25°W to 45°E longitude), H34 is a ggmrdtion product
covering the full disk of SEVIRI. As such, H34 provides an opportunity to evals#®E show
products over larger areas than what is possible with HIBe product is at this stage
preoperational, and it is going to be soon fully operational and then ptace (superseed) product

H10 during CDOP4, thus it is considered target product for validation purposes.

Exactly as done in ORR, in this review, over Europe H34 is validated as Snow Cover product H10,
using ground station data of 6 countries. In additias product H34 has full disk coverage, a Satellite
based validation, using Sentinel2 data, is performed over selected-Ext@pean areas by CIMA.

This satellitebased validatior{ref. Piazzi et al. 2017% used operationally for Effective/Fractional

Show Cover product H35, which replaces H12 in CDOP4

For European areasahdation has been performed ov&elgium,Finland, Germany, Italy, Poland,
and Turkey: ach Country/Team contributes to long statistic validation by providing the monthly
contingencytable and the statistical scores.

Winter 202021 was a good winter season with some widespread snow cover also in central Europe
in the core winter monthsin this document, snow season is reduced in Poland from November to
March, in Germany from Decembter April.In the Italian Alps, as usual a case study validation from
November to April is applied, combining data from Satellite and Ground Station observatite

flat areas of Finland, where snow cover is more stable and homogeneous, the wholen seaso
OctoberMay is evaluated

In Turkey, the months from November to April are evaluated in the mourtanis country also

a separate Sentinéd basedvalidationis provided, which is a good case study for evaluation of
product performances over sameeas with different methods, with a case study also for the
influence of cloudiness in satellite data.

For extraEuropeanareas, validation period was chosen the whole season October 1, 2020
through May 31, 2P1 and areas of interest werselectedin the Caucasus mountain range,
Belarus & Russia Mount Atlas in Morocco, anith Mount Lebanon. These areas of interest include

a mixture of predominantly flat areas (Belarus &Russia) and predominantly mountainous areas
(Caucasus, Mount Atlas, and Md Lebanon)
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The main scores to be evaluatid product compliancare the Probability Of Detection (POD) and
the False Alarm Rate (FAR). However, to give a more complete idea of the product error structure
severalother statistical scores have been dwated and shown in this report.

The product requirementsf product H34 are the san& product H10and are displayed inTable
47 (requirements for mountainous arepand Table48 (requirements for flat/forested areas)

Score Threshold Target Optimal
POD 0.60 0.70 0.99
FAR 0.30 0.20 0.05

Table47product requirements for prod 8ED-SEVIRIn Mountainous areas

Score Threshold Target Optimal
POD 0.80 0.85 0.99
FAR 0.20 0.15 0.05

Table48product requirements for prod 8ED-SEVIRIn Flat/Forest areas

5.5.5.1  Validation for flat areas of Belgium

Validation of H34 is done with the same methodology as in H10. Validation is performed in the
whole winter periodfrom Octoberto May 2020-21. EvenasTable49 showsin Belgium there are

only 2 months with good snow corage, January, and February, in the other months product is
performing very well in discriminating bare soil, as is seen in very high accuracy in all months
(sometimes even in months with no snow deiea!).

flat area 2(? I\;%V [;%C Jan2l |Feb21| Mar 21 A;:)Lr l\/;y Total
hits 0 0 0 19 143 0 2 0 164
false alarms 2 0 6 13 67 1 2 0 91
misses 0 0 0 0 5 2 3 0 10

corr negatives 552 | 168 | 154 84 414 800 | 1030| 849 4051
numbers of obs 554 | 168 | 160 116 629 803 | 1037 | 849 4316

pod -- -- -- 1,00 | 0,9/ | 0,00 | 0,40 -- 0,94
far 1,00 - 1,00| 0,41 | 0,32 | 1,00 | 0,50 -- 0,36
csi 0,00 ~- 000| 0,59 | 0,67 | 0,00 | 0,29 ~- 0,62

pofd 0,00 -- 0,04 0,13 | 0,14 | 0,00 | 0,00 | 0,00 | 0,02
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acc 1,00 -- 0,96 0,89 0,89 1,00 | 1,00 | 1,00 0,98
hss 0,00 -- 0,00 0,68 0,72 0,00 | 0,44 -- 0,75

Table49Validation results for 202@1winter season in Belgium

POD of 0.9is very good and above target, close to optimal values. FAR ®&fs0r®t as good and
slightly below threshold: this is mainly due to the small numbesraiw detection events in the
mainly snowfree areas of in Belgium, even in core winter.

5.5.5.2  Validation for Germany

Validation of H34 is performed in the winter period of DecembeApril 2020-21, as there was
enough snow in this period for a viable validatidResults are showseparated for flat and

mountainous areas.

flat area Dec 20 Jan21l Feb21 Mar 21 Apr21 | Total
hits 153 2201 3370 40 53 5817
false alarms 20 23 100 34 44 221
misses 488 1355 558 63 41 2505
correct negatives 7957 5039 3756 8203 8231 33186
numbers of obs 8618 8618 3370 8340 8369 41729
pod 0,24 0,62 0,86 0,39 0,56 0,70
far 0,12 0,01 0,03 0,46 0,45 0,4
cSi 0,23 0,61 0,34 0,29 0,38 0,68
pofd 0,00 0,01 0,03 0,00 0,01 0,01
acc 0,87 0,59 0,60 0,97 0,97 0,78
hss 0,35 0,60 0,79 0,45 0,55 0,76
Table50Validation results for 202@1winter season iGermany, flat areas

mountain area Dec20 Jan21 Feb21 Mar 21 Apr 21 | Total
hits 100 215 122 110 57 604
false alarms 43 45 35 17 7 147
misses 16 0 8 4 14 42
correct negatives 120 19 87 139 192 557
numbers of obs 279 279 252 270 270 1350
pod 0,86 1,00 0,94 0,97 0,80 0,94
far 0,30 0,17 0,22 0,13 0,11 0,20
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csi 0,63 0,83 0,74 0,84 0,73 0,76
pofd 0,26 0,70 0,29 0,11 0,04 0,21
acc 0,50 0,43 0,50 0,62 0,72 0,54
hss 0,64 0,91 0,76 0,88 0,78 0,79

Table51Validation results for 202021 winter season in Germany, mountain areas.

In mountainous partsPOD of 0.94s very good and above target, close to optimal valk&sR of
0.20isat target lewels. In the flat areag20D of 0.7@ not as god and slightly below threshol&AR
of 0.040on the other side very good and at optimal levels.

5553 Validation for Poland

Validation of H34 is performed in the winter period dbvemberto March2020-21, as there was
enough snow only in this period for a viable validatiResults are shown separated for flat and
mountainous areas.

flat area Nov 20 Dec20 Jan21 Feb21 Mar 21 | Total
hits 6 174 1605 2920 201 4906
false alarms 40 144 160 83 237 664
misses 0 85 91 216 243 635
correct negatives 1691 705 197 457 2932 5982
numbers of obs 1737 1108 2053 3676 3613 12187
pod 1,00 0,67 0,95 0,93 0,45 0,89
far 0,87 0,45 0,09 0,03 0,54 0,12
cSi 0,13 0,43 0,86 0,91 0,30 0,79
pofd 0,02 0,17 0,45 0,15 0,07 0,10
acc 0,98 0,79 0,88 0,92 0,87 0,89
hss 0,23 0,47 0,54 0,71 0,38 0,79

Table52 : Validation results for 202@1winter season iRoland, flat areas

mountain area Nov 20 Dec20 Jan21 Feb21 Mar 21 | Total
hits 1 33 183 221 69 507
false alarms 4 16 5 2 9 36

misses 15 73 54 67 193 402
correct negatives 166 90 11 3 26 296
numbers of obs 186 212 253 293 297 1241
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pod 0,06 0,31 0,77 0,77 0,26 0,56
far 0,80 0,33 0,03 0,01 0,12 0,07
csi 0,05 0,27 0,76 0,76 0,25 0,54
pofd 0,02 0,15 0,31 0,40 0,26 0,11
acc 0,90 0,58 0,77 0,76 0,32 0,65
hss 0,06 0,16 0,19 0,05 0,00 0,33

Table53 Validation results for 262021 winter season in Poland, mountain areas.

November 2020 is included in the results, and it shtvas even with little snow cover, product has
a very good accuracy (even if POD and FAR are understandably not so good, due to lack of snow
detection).

In sum in flat area®OD of B9 and FAR at 0.12 avery goodvaluesand above target, close to
optimal. In mountainous areas POD of 0.56 is not good and below threshéld, of @7 is very
good and at optimal levels

5554 Validation for flat areas of Finland

Validated monthsare from October to May, the is th&ull winter season of 220-2021 in Nordic
areas, with some missing data in December and January due to winter darkness in high latitudes
Results of validations for theinter seasons are shown irable54.

flat area 2? ’\;%V Dec20| Jan20 |Feb20| Mar 20 ';%r May 20 | Total
hits 8 0 0 0 1128 | 1863 | 785 153 | 3937
false alarms 77 58 0 0 0 37 53 14 239
misses 0 1 0 0 2 69 107 40 219
corr negatives 706 | 101 0 0 0 29 668 | 1605 | 3109
numbers of obs 791 | 160 0 0 1130 | 1998 | 1613 | 1812 | 7504
pod 1,00 | 0,00 - - 1,00 | 0,96 | 0,88 | 0,79 | 0,95
far 0,91 | 1,00 - - 0,00 | 0,02 | 0,06 | 0,08 | 0,06
CSi 0,09 | 0,00 - - 1,00 | 0,95 | 0,83 | 0,74 | 0,90
pofd 0,10 | 0,36 - - -- 0,56 | 0,07 | 0,01 | 0,07
acc 0,90 | 0,63 - - 1,00 | 0,95 | 0,90 | 0,97 | 0,94
hss 0,16 | -0,01 - - 0,00 | 0,33 | 0,80 | 0,83 | 0,88

Tableb4Validation results f@0262®1winter season in Finland
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Both POD (0,95) and FAR @),are very good and close to optimal values: product H34 has, as
product H10, very good performances in flat and forested areas, especially in casmaka
homogenous and stable snow cover during the winter months, as in Nordic countries. Validation
over Belarus with Sentinel2 data shows vemyilar values of FAR and POD, at optimal levels, in
winter 202021.

5.5.5.5 Validation for mountainousareasof Italy

Validation is performed in thevhole winter period ofNovemberto April 2020-21, asthis season
was very snowich, with many good snow observations even in the very complex terrain of the
Italian Alps

mountaineous

area Nov 20 | Dec 20| Jan 21| Feb21 Mar 21 | Apr?21 Total
hits 25 521 184 418 248 59 1271
false alarms 16 6 2 13 16 3 54
misses 43 30 15 69 128 45 315
corrnegatives 244 41 11 109 167 60 621
numbers of obs 328 598 212 609 559 167 2261
pod 0,37 0,95 0,92 0,86 0,66 0,57 0,80
far 0,39 0,01 0,01 0,03 0,06 0,05 0,04
pofd 0,06 0,13 0,15 0,11 0,09 0,05 0,08
acc 0,82 0,9 0,92 0,87 0,74 0,71 0,34

Tableb5Validation results for 202@1winter season in Italy.

POD of B0 is good and above thresholehd at target levelsFAR of 0.0 is even betterand at
optimal levels. A slight decay of performances is noted in early winter and in the spring months, in
this case even in selected cases the very complex terrain of the Italian Alps, with large valley and
steep terrain, lead to a very inhomogeneous snow cover: thus snow detected by stations in the
mountains are not representative for the large scale snow cover.
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5.5.5.6  Validation in Turkey

5.5.5.7  Validation of H34 with insitu snow depth data.

MSG/SEVIRI product validation oveountainous areas of Turkey for the period of November 1,
2020 ¢ April 30, 2021, has been carried out using the snow depth measurements from
meteorological stationsThe distribution of all stations over DEM of Turkey is showfignre38
andFigure39. Srow depth measurement data have been retrieved from the ground station network

of TSMS within the validation area over Turkey. Validation of the H34 product is being carried out
using the B4 validation routine in the MATLAEIvironment. The quantitative validation has been
performed using the methodology described in the associated product validation docyrh&#F,

2020.

All the available station observations have been revised, corrected and filtered in order to minimize
the error or mistakes generated from the observation dafar the period of validation, 132
SYNOPTIC stations, 16 SPA stations and 333 AWOS stations with ground observations were
available. 4278 measurements collected from 62 AWOS and 6 SPA stations have been utilized in the
validation study for mountainous areas, whilo measurement has been utilized in the validation
study for flat areassince all selected stations (i.e., 62 AWOS and 6 SPA) fall inside the mountain
mask area of H34T@ble56).
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Figure38 All available stations used in the validation procedure (481 stations).

Station Type All Available Stations After Applying Quality Contro

AWOS 333 62

SPA 16 6
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SYNOPTIC 132 0
TOTAL 481 68
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Figure39Stations that are used in the validation after the quality control filtering (68 stations).

The validation results of H34 product using ground observatimagresented imable57.

mountaineous
area Nov 20 | Dec 20| Jan 21| Feb21 Mar 21 | Apr21 Total
hits 54 389 820 1004 635 161 3063
false alarms 0 0 0 0 0 0 0
misses 128 137 168 245 201 331 1210
corrnegatives 0 0 0 5 0 0 5
numbers of obs 182 526 988 1254 836 492 4278
pod 0.30 0.74 0.83 0.80 0.76 0.33 0.72
far 0.00 0.00 0.00 0.00 0.00 0.00 0.00
pofd 0.30 0.74 0.83 0.80 0.76 0.33 0.72
acc NaN NaN NaN 0.00 NaN NaN 0.00
Table57Validation results for 202021 winter season in Turkey.
5.5.5.8  Validation of H34 with Sentinel 2 imagery

Validation of medium/coarse resolution snow products by using reference snow maps obtained
from higher resolution satellite data, also known as cresssor validation, is a common practice in
remote sensingD.K. Hall, Riggs, & Salomonson, 199&zzi et al.2019 Salomonson & Appel,
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2004). H34 (cfFigure40) is also validated by using higher resolution (i.e., 20 m) Sentinel 2 images
acquired between November 2020 and April 2021 over Turkey.

No datz

Dark

Water

Bare
ground

Cloud

Snow

Figure40H34 product for 24.01.2021

The Sentinel 2 reference image dataset is composed of 103 scenes from 8 distinct tile locations,
whose positions are shown kigure41. Binary snow maps (i.e., snow/snow) at 20 m are obtained

from Sentinel 2 images by applying the SNOMAP algofiorothy K. Hall & Riggs, 20T1K. Hall

et al., 1995Klein, Hall, & Riggs, 1998 hen, reference fractional snegovered area (fSCA) value

inside the exact footprint of each H34 pixekaculated by taking the ratio of snow pixels to the

total number of pixels. H34 pixels already labeled as cloud, sea/water, dark etc. are excluded from
GKS lylrftearad 'y |RRAGAZ2YLFE Of2dzR Yl ai Aa | f
module, Sen2Cor v2.9Mueller-Wilm, 2020, in order to eliminate the H34 pixels with cloud

O2y G YAYlLGAR2Y x prrd ¢KSys ft @GFEtAR lon LAES
snow; otherwise (i.e., fSCA < 50%), they are labeled as no snow.
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Sentinel 2
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Figure41Positionsof Sentinel 2 tiles used in the validation of H34.

Monthly and tilewise POD, FAR and ACC boxplots are representEdjume42 and Figure43,

respectively
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Figure43Boxplots of tilavise POD, FAR and ACC.
The obtained monthhpased dichotomous mtrics are represented ifiable58.




Doc. No: SAF/HSAF/OpRep/2021_S1 S2
EUMETSAT OperationsReport Version: 1.0
G H SAF 2020 S1/S2 Date:18/07/2022
Page108/145
MOUNTAINOUS
Nov Dec Jan Feb Mar Apr Total
2020 2020 2021 2021 2021 2021
Hits 678 1720 1832 5618 1532 651 | 12031
False Alarms 502 848 759 1566 737 1110 5522
Misses 208 301 338 497 302 212 1858
Corr. Negatives 8593 3876 2477 2623 2144 4498 | 24211
Number of Obs. 9981 6745 5406 | 10304 4715 6471 | 43622
POD 0.77 0.85 0.84 0.92 0.84 0.75 0.87
FAR 0.43 0.33 0.30 0.22 0.33 0.63 0.31
CsSl 0.49 0.60 0.63 0.73 0.60 0.33 0.62
POFD 0.06 0.18 0.23 0.37 0.26 0.20 0.19
ACC 0.93 0.83 0.80 0.80 0.78 0.80 0.83
HSS 0.62 0.62 0.59 0.57 0.56 0.39 0.64
FLAT AREAS
Hits 0 5
False Alarms 11 19
Misses 0 0
Corr. Negatives 85 43 286 190 341 33 978
Number of Obs. 85 43 297 199 345 33 1002
POD NaN NaN NaN 1.00 NaN NaN 1.00
FAR NaN NaN 1.00 0.44 1.00 NaN 0.79
CSl NaN NaN 1.00 0.44 1.00 NaN 0.21
POFD 0.00 0.00 0.04 0.02 0.01 0.00 0.02
ACC 1.00 1.00 0.96 0.98 0.99 1.00 0.98
HSS NaN NaN 1.00 0.44 1.00 NaN 0.34
MOUNTAINOUS & FLAT AREAS
Hits 678 1720 1832 5623 1532 651 | 12036
False Alarms 502 848 770 1570 741 1110 5541
Misses 208 301 338 497 302 212 1858
Corr. Negatives 8678 3919 2763 2813 2485 4531 | 25189
Number of Obs. 10066 6788 | 5703 | 10503 5060 6504 | 44624
POD 0.77 0.85 0.84 0.92 0.84 0.75 0.87
FAR 0.43 0.33 0.30 0.22 0.33 0.63 0.32
CSl 0.49 0.60 0.62 0.73 0.60 0.33 0.62
POFD 0.06 0.18 0.22 0.36 0.23 0.20 0.18
ACC 0.93 0.83 0.81 0.80 0.79 0.90 0.83
HSS 0.62 0.63 0.60 0.58 0.58 0.39 0.64

Table58H34 validation results by using Sentinel 2 imagery.




Doc. No: SAF/HSAF/OpRep/2021_S1 S2
EUMETSAT OperationsReport Version: 1.0
H SAF 2020 S1/S2 Date:18/07/2022

Page109145

Results obtained by using Sentinel 2 data are better than the ones obtained by using ground data in
terms of POD (0.89), and worse in terms of FAR (0.11). Both figures are above the thresholds and
above target levels.

Discussion

Differences betweeisentinel and ground data validation

Validation of a mediumor coarseresolution snow cover product is a challenging task sidée
validation data should match with the spatial scale of the remotely sensed snow product within a
similar spatial or tempral extent, ideally both at the same timi), crosssensor comparison by
using snow cover data derived from higkresolution satellite imagery is considered as spatially
comprehensive reference data; however, they are often available only for a shioneperiod and
suffer from similar uncertainties in forested regions or complex terragall satellitederived snow
products;iii) in-situ measurements may provide long time series data for validation, yet they
represent the pointscale data, for whicinterpolation further introduces errors unless the spatial
density of ground station network is adequate, especially in complex ter(@n«. Hall, Riggs,
DiGirolamog& Roman, 201%H(sler, Jonas, Wunderle, & Albrecht, 2D12

The results reveal that H34 validation metrics obtained frorsiin data and Sentinel 2 images are

quite different. According to the dichotomasumetrics calculated from 4situ snow depth data, in

which 4278 observations are available, POD and ACC start with 0.30 in Nov 2020 and reach their
maximum (i.e., 0.83) in Jan 2021. Then, they start to drop graduallgradxiwith a value of B3 in

Apr 2021.

The validation performed with Sentinel 2 includes 44,624 observations (based on valid H34 pixels
included in the analysis) over 8 tile locations F§ure4l). The results show that even during the
pre-accumulation period of snow in Nov 2020, H34 has high POD with 0.77, yet it also yields high
FAR (0.43). POD peaks in Feb 2021 with 0.92 (FAR = 0.22, the minimum), and it exhibits a gradual
decrease util the end of Apr 2021 (0.75). Unlike ACC values obtained from ground observations,
ACC calculated from Sentinel 2 follows a relatively stable trend between Nov 2020 and Apr 2021
with minimum and maximum values of 0.79 (in Mar 2021) and 0.93 (in Nov ,2@3pgctively. In
Figure43, the performance of H34 over Sentinel 2 tile T36 TWL gives the worst results in terms of
POD and FAR. This tile is located over the Ng@mantain range covered by dense forest stands,
which eventually reduces the performance of the retrieval algorithm as expected.

The most obvious difference in the validations made with Sentinel 2 asdurmeasurements is
observed in fall (i.e., Nov) and spring (i.e., Apr) months, which correspond to the accumulation and
ablation periods of snow (drigure44). Except these months, both validations give relatively similar
results, where the metrics from Sentinel 2 indicate slightly better performance as compared to those
of in-situ data.
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Figured44Sentinel 2 vs. dsitu with respect to POD and ACC (metrics are for the merged product).

In general, snow starts to accumulate in rddtober over the eastern mountainous parts of Turkey,
and it often tends to stay othe ground till the end of May. However, the amount and duration of
snow cover is less than usually observed during the 202021 snow season; therefore, the
validation period is confined between Nov 2028\pr 2021.

Case study on cloudiness

Anotherissue that should be pointed when interpreting the validation results is the cloud/snow
discrimination in H34 realized through the utilization of NowcastingSAF cloud products by applying
default parameters. Ifrigure45, the differences in the cloud cover between the fatsdor MODIS
image and the H34 product for 13 Feb 2021 is represented. The MODI8dls&€omposite in
Figure 44 uses the following band combination: Red = 6, Green = 2 and Blue = 4. This band
combination shows ice and snow in bright blue, whereas water bodies appear in near black.
Saturated soil can be seen aisdblue, and clouds are still white.
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Figure45MODIS snow product vs. H34 on 13 Feb 2021

3.6 Validation using SENTINRLsatellite data for extra HFSAF areaby CIMA

ThissectionA & | & dzY Y| NE Validationi cRHSAMNEB4L BnbMi Produit using Senthel

Level2 Scene Classifications over Caucasus, BeRuasia, Lebanon & the Atlas region (Oct. 2020
-May 2021)¢ = gNAGGSY o6& CNIyOSaod2 '@yl A YR {AY2Y
The original Report is prested in Annex 1, a brief summary of the methods and the results of the
validation is given below:

Evaluation of FEAF snow products has been usually performed using grbased snow data, such

as snowdepth sensors, or Sentin@l SceneClassification mas (Piazzi et al., 2019). In this report,
we followed theSentinel2 validation methodology and we compared SCA maps derived from H34
vs. SCA maps derived from SentiBellhe validation period was the 202021 snow season and
areas of interest were thealicasus mountain range, Belarus & Russia, Mount Atlas in Morocco, and
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Mount Lebanon. These areas of interest include a mixture of predominantly flat areas (Belarus &
Russia) and predominantly mountainous areas (Caucasus, Mount Atlas, and Mount Lebanon).
Cimates are also markedly different, with Belarus & Russia, Caucasus, and both Mount Atlas and
Mount Lebanon falling in the Boreal, Bord¢aiPolar, and WarsTemperatureto-Arid regions
according to the Kdppefseiger climate map.

The first step was the sat@on of the SentineP tiles over each area of interest to be compared
with H34. This selection was performed by seeking a t@dfibetween extensively assessing H34
performance and limiting computational times. As a result, tile selection in CaucadubeaAtlas

region focused on the most mountainous areas. In Lebanon, we selected two tiles covering a central
portion of the local mountain range and not including any portion of the Mediterranean Sea. In
Belarus & Russia, we looked for areas that weaedhd without large water bodies.

Overall, we considered 9 tiles in Belarus & Russia, 7 tiles in the Caucasus region, 4 tiles in the Atlas
region, and 2 tile in Lebanon. For each tile, we then selected an orbit providingsgudalle map by
visually inpecting representative images dntps://scihub.copernicus.eu/dhus/#/homerigure46

reports the location of each tile
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Figured6Location of validation regions with seleeatinel 2iles

In Lebanon and the Atlas region, the snow season was limited to OctoBpril owing to local
climatology. Two dates out of nearly 100 were eliminated from thaatibn pool (March 16 2021
and October 2 2020), due to errarsthe merging process of H34.
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Correct negatives were generally high in all areas of interest, with peaks in Lebanon and the Atlas,
the driest regions. In Caucasus, which was the region wighntbst persistent snow cover in our
dataset, correct negatives were obviously smaller than elsewhere (63%). Hits were comparatively
high across all regions but Lebanon, which has a quite ephemeral snowpack due to its
Mediterranean climate. Both false alasnand misses were minimal in all regions.

Monthly contingency scores show that correct negatives are consistently high for all months both

in the Atlas and Lebanon regions, whereas they are much more variable in the Caucasus region
owing to the increasesomplexity of snowpack accumulation and melt in this mountainous region.
.St NYzda 3 wdzaail akKz2g GKS GeLMAOKE LIFGAOSNYy 27
ayz2p¢é¢ (G2 ay2 ayz2g¢é Ay SIENIe& ALINAYy3Id ardasSa |y

Accuracy metrics iTable59 confirm the generally good performance of H34 in detecting snow
conditions over all regions.

Between target and| Betweenthreshold Threshold exceeded| Threshold exceeded

optimal and target by < 50 % 0oe x pn
Validation area Caucasus Belarus Lebanon Atlas
pod 0.86 0.96 0.73 0.86
far 0.19 0.00 0.12 0.18
CSi 0.72 0.96 0.66 0.72
pofd 0.01 0.00 0.00 0.01
acc 0.89 0.98 0.99 0.99
hss 0.76 0.97 0.80 0.83

Table59: Accuracy metrics over the four areas of interest, aggregated across all tiles and images available.

Results showin the meana very good agreement between H34 and Sentinel 2 across all areas of
interest. Overall, fractionadnow-cover statistics by Sentinel 2 and sroavered areas by H34 are
spatially consistent. All PODs and all FARs are above threstoblalso over targefThus, the H34
snow product is successfully validated for the 2020/P8Row season also in extthSARreas.
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5.5.,5.9  Conclusions: Product requirement compliance

The main scores to be evaluated are the Probability Of Detection (POD) and the False Alarm Rate
(FAR). Howevein order to give a more complete idea of the product error strucfaiso CSI and
ACC indices are shown

Validation with ground station over H SAF area

Looking athe figures over all the countries and terraiff@able60andTable61), with ground station
data,averygood capability of the product to detect snow on the grousabserved The average
values lie in most cases above the thresholds and even over target levels.

As expected problems arise in the compilegography of mountainous areas (see POD in Poland),
and in the flat areas of Belgium and Germany, where snow cover is not stable and less
homogeneous. This may be due to the validation procedure with groundasia@oint observation,
compared to observations of H34 satellite products, which are large scale snow cover.

Between threshold | Threshold exceeded
and target by <50 %

~

L2 R
T NJ

gl f ARI (G
L2 R
Tl NJ

Table61Statistical scores for H34 over flat areas with ground station data relatively period-3116.2020
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HSAF Accuracy requirements fa34H
mountainousareas

Product requirements

Score |threshold| target | optimal | total

POD 0.60 0.70 0.99
FAR 0.30 0.20 0.05

Table62Simplified compliance analysis for product H34 (mountainous areas).

HSAF Accuracy requirements fa3ZH
Flat/Forest areas

Product requirements

Score |threshold| target | optimal | total

POD 0.80 0.85 0.99
FAR 0.20 0.15 0.05

Table63Simplified compliance analysis for product H34 (Flat/Forest areas)

In Table62 and Table63, the results areseparated for flat and mountainous areas, as thresholds
are different.In average, on ¥5AF areas and with standard ground data validation, product H34 is
abovetargetfor all terrains and in this snow rich winter it satisfies fully the requirements.

Validation with Sentinel2 higlesolution satellite data

Sentinel 2 highresolution satellite data validation was performed by CIMA and Turkey, and overall
results are displayed ihable64

Validation | Caucasus Belarus | ¢ dzNJ | Lebanon| Atlas
area 0 Y 2 dz] (mount)

pod
far
Table64 Statistical scores for H34 over mountainous and flat areas with Sentinel2 data relatively peric811512023120
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In all areas of validation, POD is above threshold above target=AR is above threshold and target
in the 4 target areasof CIMA Stdy, whereas in the mountains of Turkeéyis only little below
threshold.

Conclusion:

In conclusionin this validatiorproduct H34 satisfiefully therequirements in almost all cases, even

in the most complex and demanding are@sly in some areas sex are little below threshold, and

this is due to periods with very inhomogeneous snow cover. In all other areas, and also in the
average, in both validations, with ground station data and frggolution satellite data, scores are
over target and even isome cases near optimal levels, with POD over 0,90 and FAR below 0.10.
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5.5.5.10 Validation of HSAF H34 Snow Product using SentiBdlevel2 Scene Classifications
over Caucasus, Belart#Bussia, Lebanon & the Atlas region (Oct. 2020ay 2021)

5.5.5.10.1 Contextand aim of this report

This report discusses validation results for th&AF snow product H34 vs. SentiBdlevel2 snow
coveredarea maps (SCA). H34 is aBAF snow product including daily sndetection maps based

on visible/nearinfrared (VIS/NIR) ata from the Spinning Enhanced Visible and Infrared Imager
(SEVIRI) on board of Meteosat satellites. The algorithm of H34 largely buildSA# products H10
and H31, which are both currently operational after successful validation (see e.g. Piaz204t9l.
Compared to H10, which provides binary map of snowgnow over the FSAF area (25°N to 75°N
latitude, 25°W to 45°E longitude), H34 is a seecgaderation product covering the full disk of SEVIRI
(seeFigure4?). As such, H34 provides an opportunity to evaluat8AfF snow products over larger
areas than what is possible with H10.

Evaluation of FEAF snow products has been usually performed using grbased sow data, such

as snowdepth sensors, or Sentin@l SceneClassification maps (Piazzi et al., 2019). In this report,
we followed the validation methodology for H10 that was applied in Piazzi et al. (2019) and we
compared SCA maps derived from H34 vs. S derived from Sentinél. The validation period

was the 2022021 snow season and areas of interest were the Caucasus mountain range, Belarus
& Russia, Mount Atlas in Morocco, and Mount Lebanon. These areas of interest include a mixture
of predominantlyflat areas (Belarus & Russia) and predominantly mountainous areas (Caucasus,
Mount Atlas, and Mount Lebanon). Climates are also markedly different, with Belarus & Russia,
Caucasus, and both Mount Atlas and Mount Lebanon falling in the Boreal, Bmieabr, and
Warm-Temperatureto-Arid regions according to the Koppeaeiger climate map.

H34 original map 2021/02/15 H34 original map -- snow mask
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Figure47Example of 3AF H34 original classification map for February 15 2021 (left) andwaredarea map for the
same day derived dng the validation process (right), where snow is in yellow.
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5.5.5.10.2 Methods

Our validation approach followed the methodology discussed in Piazzi et al. (2019), which we briefly
summarizebelow.

The first step was the selection of the Sentifidiles over each area of interest to be compared
with H34. This selection was performed by seeking a tradeoff between extensively assessing H3-
performance and limiting computational times. As a resuk, $lection in Caucasus and the Atlas
region focused on the most mountainous areas. In Lebanon, we selected two tiles covering a centra
portion of the local mountain range and not including any portion of the Mediterranean Sea. In
Belarus & Russia, we lked for areas that were flat and without large water bodies.

Overall, we considered 9 tiles in Belarus & Russia, 7 tiles in the Caucasus region, 4 tiles in the Atle
region, and 2 tile in Lebanon. For each tile, we then selected an orbit providingsgualle map by
visually inspecting representative images lottps://scihub.copernicus.eu/dhus/#/horfRgure 48
reports the location of eachlé, while Table65 summarizes how many maps for each tile we
considered (after filtering images with cloud cover above 20%) and the corresponding orbit.

3 138TPM T36UVG | g2 A
C T38TNM BZI TI6UVF | . VO A A
T38TMM £ T36UUG | ; s i’y

[ 38TML ] T36UUF PI "2

T38TLN =3 T35UPB ¢ o
[ T38TLM -3 T35UPA AN - Belarus &
T37TGH [ T35UNB 5P e > . Russia '
B T37SBT I T30SUC \ o . g

£ T37SBS M T30SUB
T36UWG [ T30STB
B3 T36UWF [ T30STA

Cau»cas‘,l’JS

Lebanon

_T30

Figure48Considered Sentingltiles.
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Area of interest Tile Orbit # of images
Atlas 30STA 94 23
30STB 94 20
30SUB 94 22
30SUC 94 19
Lebanon 37SBS 121 19
37SBT 121 17
Caucasus 37TGH 78 9
38TLM 35 10
38TLN 35 4
38TML 135 14
38TMM 135 9
38TNM 135 9
38TPM 135 7
Belarus & Russia 35UNB 93 2
35UPA 93 2
35UPB 93 1
36UUF 50 2
36UVF 7 4
36UVG 7 2
36UUG 50 1
36UWF 7 0
36UWG 7 2
Total 252

Table65Considered Sentingltiles,satellite orbit, and number of images for each area of interest. Images cover the
period October 1, 2020 through May 31, 2021 and were filtered to discard those with overall cloud cover above 20%

After tile selection, we downloaded frorhttps://scihub.copernicus.eu/dhus/#/hoaik available
S2MSI2A Sentin@l Level2A images between October 1 2020 and May 31 2021, including both
Sentinel 2A and 2B. For each map, we then extracted Scene Classification maps (S@L(hate20
that these Scene Classifications are directly available hitps://scihub.copernicus.eu/dhus/#/home
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and so no processing with Sen2Cor was performed). SCassification maps provide indication of
predominant land/cloudcover for each pixel in the image, including ground (ID 5), vegetation (ID
4), snow (ID 11), water (6), and various IDs for cloud anecihins cover. These Scefassification
maps represent the validation source against which to assess the perfoentamt34.

After downloading from theneteoam.itftp all available H34 images between October 1 2020 and
May 31 2021, we performed an imag@image comparison between Sentinel 2 and H34 with the
goal of assessing H34 performance in estimating Serirg&®. This assessment was limited to
Sentinel images with overall cloud cover below 20%, as already done by Piazzi et al. (2019). Th
impact of clouds is particularly high in Belarus & Russia, where the number of usable images per tile
was sometimes less thalD (seeTable65). Cloud obstruction was much less significant in Lebanon
and the Atlas region, in agreement with a drier climate.

The comparison procedure worked falows (see also Piazzi et al., 2019):

1. We firstly determined the H34 scene corresponding to each Serlitied-map by clipping
the H34 fuldisk raster according to the bounding box of each Senfinatage;

2. We then estimated a fractionanow-cover (FS) and fractionafjroundcover (FGC) map
fromSentine G GKS O2F NASNJI NBaz2fdziazy 27F | on
and ground pixels in each coarser pixel of H34. Any pixel where the percentagesriown
and nonground pixels was above0% was set to NaN and was not considered in this
evaluation (following again Piazzi et al., 2019);

3. We finally derived a Sentinblased snowcoveredarea map by assuming any pixel with FSC
>50% as snhowovered, and as grouncbvered otherwise. This SCA maps the final
comparison source for H34.

Agreement between H34 and SentideElsed SCA maps was assessed using multiple performance
metrics. The first one is the confusion matrix, which quaesfthe frequency of agreements and
disagreements between the wvproducts. Agreements can result from both products assigning a
given pixel to snow (hits, n11) or to bare ground (correct negatives, n00). On the other hand,
disagreement may results from Sentinel and H34 assigning a pixel to snow and ground, regpectivel
(misses, n10), or Sentinel and H34 assigning a pixel to ground and snow, respectively (false alarm
n01). Confusion matrices are generally summarized as follows:

ni1 nm
nig Moo

Frequencies of the contingency matrix were also used to compute a number ofrattacs:
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