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Version prepared for th€loseout of the OR13 covering the following rids:

1 RIDID: OBJ1_OPS_2023_Ackermann_001.txt
RID ID: OBJ1_OPS _2023_Ackermann_002.txt
RID ID: OBJ1_OPS_ 2023 Vicente_016.txt
Table2 Table 3 and Tabke

Identifier | Acronym Name Type Opera
Precipitation products
HO1 new | PROBSL new Precipitation rate at ground by
. NRT Operd
rel. rel. MW conical scanner
Precipitation rate at ground by
HO02B PROBS2B NRT Operd
MW crosstrack scanners
Precipitation rate at ground by
H18 P-IN-ATMS NRT Operd
MW cross track scanners
Precipitation rate at ground by
HB0B P-IN- blended SEVIRI IR / LEO MW NRT Operd
SEVIRIPMW precipitation and morphologic
information
Accumulated Precipitation at
H61R P-AG ground by blended SEVIRI IR NRT Pre-Oy
SEVIRIPMW LEO MW precipitation and
morphologic information
Precipitation rate at ground by
NRT Operd
H63 P-IN-SEVIRI_E | GEO/IR supported by LEO/MW
IODC
Accumulated Precipitation fron
Hea P-AG PassiveMicrowave/Soil NRT | Opera
SM2RPMW Moisture
integrated rainfalbroduct
Gridded MW instantaneous
precipitation rate based on
intercalibrated PMW NRT Operd
H68 P-IN-PMW _ S
instantaneous precipitation
rate
estimates
AccumulatedPrecipitation at
NRT PreOy
H90 P-AGSEVIRI_E | ground by blended MW and IR
IODC
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Soil Moisture products
Smaliscale surface soll i
. Preoperation
HO8 SMOBS2 moisture by radar NRT
Develppment
scatterometer
Metop-B ASCAT NRT SSM orf
H16 SSM ASCAINRT P : NRT | Operaional s
012.5 geometry 12.5 km sampling
Metop ASCAT NRT Root Zon€
H26 Rzﬁgﬁfgm_ Soil Moisture Profile Index NRT Operational s
10km resolution
Metop-B ASCAT NRT SSM orf
H103 SSM ASCAE NRT| METOP >>MOT  NRT | Operational s
025 geometry 25 km sampling
Soil Moisture Profile Index in
the roots region retrieved by )
H14 SMDAS2 NRT Operational s
surface wetness scatterometef
assimilation method
Scatterometer Root Zone
RZSMDR2026 | Soil Moisture (RZSM) Data
H142 . DR June pP020
EXT10km Record extension, 10km
resolution
SSM Metop ASCAT DR2021EXT] Extension o
H120 ASCATDR202] SSM time DR ASCAT DR:
EXTTS12.5 | series 12.5 km sampling ‘
Snow products
Snow detection (snow mask) i )
H10 SNOBSL ) NRT Operational s
VIS/IR radiometry
Snow status (dry/wet) by MW Operational s
H11 SNOBS2 , NRT
radiometry 2013
Effective snow cover byISIR Pre-operation
H12 SNOBS3 , NRT
radiometry 2012
Snow water equivalent by MW )
H13 SNOB# . NRT Operational s
radiometry
Snow detection for flat land OperTonal ir
H31 SED-SEVIRI (snow mask) by VIS/NIR of NRT 2019 (previol
SEVIRI SAF)
Snow detection for flat land Opera(ltional ir
H32 SEGAVHRR (snow mask) by VIS/NIR of NRT 2019 (previol
AVHRR SAF)
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Snow detection (snow mask) j

H34 SED-SEVIRI VIS/IR radiometry covering full NRT Operafional s
MSG Disk
Effective snow cover by VIS/IR i

H35 ESEH NRT Operafional s
of AVHRR

Table2 updated according to th rid disposition
1 RIDID: OBJ1_OPS_2023_Ackermann_003.txt
RID ID: OBJ1_OPS_2023_Ackermann_004.txt
RID ID: OBJ1_OPS_2023 Vicente_020.txt
Tablel3ans Sectior8.3.2changed according to rid disposition
1 RIDID: OBJ1_OPS_2023_Ackermann_005.txt
Figurel updated
1 RIDID: OBJ1_OPS_2023_Ackermann_008.txt
Table21 and Table23 updated
1 RIDID: OBJ1_OPS_2023_Ackermann_009.txt
Sectim 6.4.4.2updated
1 RIDID: OBJ1_OPS_2023_Vicente_018.txt
Tablel0updated according to the rid disposition
RID ID: OBJ1_OPS_2023_Vicente_019.txt
Tablell Tablel2 updatedRID ID: OBJ1_OPS_2023_Vicente 022.txt

dection3.3.2.1lupdated¢ addedan explanationfor the amount of orders
placedfrom Italy

1 RIDID: OBJ1_OPS_2023 Vicente 025.txt
Pag.60typo correcton
1 RIDID: OBJ1_OPS_2023 Vicente 027.txt

Pag.63added a statemengxplainingthe meaning ofiDissemination failed
IC fault type

1 RIDID: OBJ1_OPS_2023_Vicente_028.txt
Section5.1typo topearii A @dsrécted
1 RIDID: OBJ1_OPS_2023_Vicente_029.txt

In Sectiorb reference toTablel added instead of table repetition
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1 INTRODUCTION

1.1

The purpose of the document is to provide a report of the engineering aspects of the H SAF
operations for the first and second semester2023 (from 01/01/2023 to 31/12/2023). It includes
performance statistics of H SAF operational produantslalso provides integrity check statistics for

the mentionedperiod.

Purpose of the document

As presented in the Integrity Monitoring Protocol docum¢AD1]and reported also in table below,

the IMP will be applied on all operational/pmgerational products distributed within H SAF and the
results will be included, systematically, in all the Operation Review (OR) regtarting from OR

11, while the QA and HV will be performed every two years forlORORL3 and ORL5 only on
Target Products, of which definition is described in a dedicated H SAF document. The results will be
presented for the full two years period if the dataset for tiveotyears is available, otherwise the
widest possible extension will be valid since the prodsicgerational / preoperational

Operation Report
Statistics onEngineerin Statistics on Integrit Hydrovalidation Report
OR# | Year g g oty Quality Assessment
Performances Check
Delivery Applicability Delivery | Applicability | Delivery | Applicability | Delivery | Applicability
All
Operational/Pre Target Target
OR11| 2022 YES . NO - YES YES
operational Products Products
Products
All
All .
. Operational/
Operational/Pre
OR12| 2023 YES ) YES Pre NO - NO -
operational i
operational
Products
Products
All
All ) Target Target
. Operational/
Operational/Pre Products on Products on
OR13| 2024 YES . YES Pre YES YES
operational ) two-years two-years
operational i i
Products period period
Products
All
All .
i Operational/
Operational/Pre
OR14| 2025 YES . YES Pre NO - NO -
operational .
operational
Products
Products
OR15| 2026 | YES Al YES All YES Target YES Target
Operational/Pre Operational/ Products on Products on
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operational Pre two years two-years
Products operational period period
Products

Tablel ORreview process for CDOP4

1.2 Document overview

The following sections compose the present document:

Section 1 (thisection): provides an introduction to the document.
Section 2: provides an overview of the operations in the relevant period.

Section3: reports the performances of the system in terms of products availability, archiving
dissemination angbroblems

Sectiond: reportsthe userstieedback received from the communities and from the web.site
Section5: reports the integrity check statistics

Section6: reportsthe quality assessment for the H SAF products under review

1.3 Applicable documents

[AD1] hsafcdop4integrity-Monitoring-Protocol_1 0.docx Integrity Check Monitoring Protocol
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2 OPERATIONS REVIEW

2.1 Operation commitments: the service specification

Reference for the operations is the H SAF Service Specification (current baseline release
SAF/HSAF/SeSp/B)1

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

2.2 Reference period
The Operation Report covers both the semesters of the year, reflected in following name
convention:

SAF_HSAF_OpRep_<YYYY>_S<x> <v> <r>

where<YYYYis the year<x>the semester (or semesters, if both) of the yesw>version andr>
the revision.

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

The scientific aspects of H SAF cannot be monitored with the same frequency as the engineering
ones, due to specific reasons, such as the need of cover a complete snow season for a significar
quality assessment of snow products, or the duration of a sbast hydrovalidation campaign: this
implies that only at mid/ear these aspects are included in the report.

Current report 2023 S1/S2) covers following periods:

Operations aspect in this report Covered period

Engineering aspectsystem performances) from 01/01/2023to 31/12/2023
integrity check statistics from 01/01/2023 to 31/12/2023
Quality assesment report from 01/01/2021 to 31/12/2023
Hydro Validation report from 01/01/2021 to 31/12/2023

2.3 Products list

Identifier | Acronym Name Type Operational Status history

Precipitation products

HO1 new | PROBS1 new Precipitation rate at ground by

, NRT Operational since July 2013
rel. rel. MW conical scanner
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Identifier | Acronym Name Type Operational Status history
Precipitation rate at ground by , )
HO2B PROBS2B NRT Operational since October 2019
MW crosstrack scanners
Precipitation rate at ground by , )
H18 P-IN-ATMS NRT Operational since February 2020
MW cross track scanners
Precipitation rate at ground by
HeOB P-IN- blended SEVIRI IR / LEO MW NRT Operational since June 292
SEVIRIPMW precipitation and morphologic
information
Accumulated Precipitation at
H61B P-AG ground by blended SEVIRI IR NRT Pre-Operational since June 2022
SEVIRIPMW LEO MW precipitation and
morphologic information
Precipitation rate at ground by . )
NRT Operational since June 2022
H63 P-IN-SEVIRI_E | GEO/IR supported by LEO/MW
IODC
Accumulated Precipitation fron
Hea PAG PassiveMicrowave/Soil NRT Operational since June 2022
SM2RPMW Moisture
integrated rainfalproduct
Gridded MW instantaneous
precipitation rate based on
intercalibrated PMW NRT Operational since June 2022
H68 P-IN-PMW _ S
instantaneous precipitation
rate
estimates
AccumulatedPrecipitation at ) _
NRT PreOperational since June 2022
H90 P-ACSEVIRI_E | ground by blended MW and IR
IODC
Soil Moisture products
Smaliscale surface soll . .
) Preoperational since H SAF
HO8 SMOBS2 moisture by radar NRT
Development Phase
scatterometer
Metop-B ASCAT NRT SSM ort
H16 SSM ASCAS NRT P i NRT Operational since June 2016
0125 geometry 12.5 km sampling
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Identifier | Acronym Name Type Operational Status history
Metop ASCAT NRT Root Zone
H26 Rzﬁgﬁfoc'ﬂ Soil Moisture Profile Index NRT Operational since March 2022
10km resolution
Metop-B ASCAT NRT SSM ort
H103 SSMASCAFNRT P , NRT Operational since June 2016
025 geometry 25 km sampling
Soil Moisture Profile Index in
the roots region retrieved by ) )
H14 SMDAS2 NRT Operational since June 2012
surface wetness scatteromete]
assimilation method
Scatterometer Root Zone
RZSMDR2026 | Soil Moisture (RZSM) Data
H142 . DR June 2020
EXT10km Record extension, 10km
resolution
SSM Metop ASCAT DR2021EXT] .
H120 | ASCATDR202| SSM time DR E’;tg;‘f'r'o;:;g;;rzegord SSM
EXTTS12.5 series 12.5 km sampling '
Snow products
Snow detection (snow mask) 4 . .
H10 SNOBSL i NRT Operational since November 2011
VIS/IR radiometry
Snow status (dry/wet) by MW Operational since midecember
H11 SNOBS2 ] NRT
radiometry 2013
Effective snow cover byISIR Preoperational since November
H12 SNOBS3 . NRT
radiometry 2012
Snow water equivalent by MW ) )
H13 SNOB#H4 , NRT Operational since November 2012
radiometry
Snow detection for flat land Operational in H SAF since Februar
H31 SED-SEVIRI (snow mask) by VIS/NIR of NRT 2019 (previously operational in LSA
SEVIRI SAF)
Snow detection for flat land Operational in H SAdtnce February
H32 SEGAVHRR (snow mask) by VIS/NIR of NRT 2019 (previously operational in LSA
AVHRR SAF)
Snow detection (snow mask) b
H34 SED-SEVIRI VIS/IR radiometry covering full NRT Operational sincd-ebruary2024
MSG Disk
Effective snow cover by VIS/IR , )
H35 ESEH NRT Operational sincé-ebruary2024
of AVHRR
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Table2 lists all products

with operational or pi@perational status for the entire period under

review.
Identifier | Acronym Name Type Operational Status history
Precipitation products
HO1 new | PROBS1 new Precipitation rate at ground by , )
, NRT Operational since July 2013
rel. rel. MW conical scanner
Precipitation rate at ground by ) )
HO2B PROBS2B NRT Operational since October 2019
MW crosstrack scanners
Precipitation rate at ground by . .
H18 P-IN-ATMS NRT Operational since February 2020
MW cross track scanners
Precipitation rate at ground by
HeOB P-IN- blended SEVIRI IR/ LEO MW NRT Operational since June 2P2
SEVIRIPMW precipitation and morphologic
information
Accumulated Precipitation at
H61B P-AG ground by blended SEVIRI IR NRT PreOperational since June 2022
SEVIRIPMW LEO MW precipitation and
morphologic information
Precipitation rate at ground by _ )
NRT Operational since June 2022
H63 P-IN-SEVIRI_E | GEO/IR supported by LEO/MW
IODC
Accumulated Precipitation fron
H64 P-AG PassiveMicrowave/Soil NRT Operational since June 2022
SM2RPMW Moisture
integrated rainfalproduct
Gridded MW instantaneous
precipitation rate based on
intercalibrated PMW NRT Operational since June 2022
H68 P-IN-PMW ) S
instantaneous precipitation
rate
estimates
AccumulatedPrecipitation at ) _
NRT PreOperational since June 2022
H90 P-AGSEVIRI_E | ground by blended MW and IR
IODC
Soil Moisture products
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Identifier | Acronym Name Type Operational Status history
Smaliscale surface soll . .
) Preoperational since H SAF
HO8 SMOBS2 moisture by radar NRT
Development Phase
scatterometer
Metop-B ASCAT NRT SSM ort
H16 SSM ASCAINRT P ) NRT Operational since June 2016
012.5 geometry 12.5 km sampling
Metop ASCAT NRT Root Zong
H26 stgﬁfocA_T Soil Moisture Profile Index NRT Operational since March 2022
10km resolution
Metop-B ASCAT NRT SSM ort
H103 SSM ASCAF NRT P ) NRT Operational since June 2016
025 geometry 25 km sampling
Soil Moisture Profile Index in
the roots region retrieved by . .
H14 SMDAS2 NRT Operational since June 2012
surface wetness scatterometef
assimilation method
Scatterometer Root Zone
RZSMDR2026 | Soil Moisture (RZSM) Data
H142 ) DR June 2020
EXT10km Record extension, 10km
resolution
SSM Metop ASCAT DR2021EXT] .
. Extension of recor M
Hi20 | ASCATDR202| SSM time DR AStgA?I' ODFSZS;;;‘;O dss
EXTTS12.5 series 12.5 km sampling '
Snow products
Snow detection (snow mask) b ) )
H10 SNOBS1 _ NRT Operational since November 2011
VIS/IR radiometry
Snow status (dry/wet) by MW Operational since midbecember
H11 SNOB& . NRT
radiometry 2013
Effective snow cover byISIR Preoperational since November
H12 SNOBS3 . NRT
radiometry 2012
Snow water equivalent by MW _ )
H13 SNOB#A ) NRT Operational since November 2012
radiometry
Snow detection for flat land Operational in H SAF since Februar
H31 SED-SEVIRI (snow mask) by VIS/NIR of NRT 2019 (previously operational in LSA
SEVIRI SAF)
Snow detection for flat land Operational in H SAdince February
H32 SEGAVHRR (snow mask) by VIS/NIR of NRT 2019 (previously operational in LSA

AVHRR

SAF)
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Identifier | Acronym Name Type Operational Status history
Snow detection (show mask) 4
H34 SED-SEVIRI VIS/IR radiometry covering full NRT Operational sincé-ebruary2024
MSG Disk
Effective snow cover by VIS/IR , )
H35 ESEH NRT Operational sincd=ebruary2024
of AVHRR

Table2: H SAF operational or prperational products list
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2.4 Commitments related to Product Requirements and NRT Production

Operational

Other

Type ID Product Name Acronym Satellite Input| Operational | Format C?)[\)/ztrlz‘l;e Spatial Resolution | Threshold Accuracy Target Accuracy Optimal Accuracy
Data Input Data
SSMI and Changing with Changing with
SSMIS on SSM/I (on H SAF areg Resolution changing precipitation type: Changing with precipitation type:
HO1 Precipitation rate gt PROBSI new DMSP (SSM_I DMSP15) exte_nded to| with precipitati_on w GUE: T2 precipitation type: W HPp: T2
PR new rel ground by MW conical rel on DMSP unti| and AMSHE BUFR | Africaand type: 30 km in mm/h, w yUsmE: FT2N mm/h,
' scanner ' Nov. 2011¢ (on EOS southern average w MHJEN0T| w mnapzlom/iN] o« p m-10F 2
no longer Aqua) Atlantic Sampling: 16 km mm/h, w mnp:x F2N mm/h,
available) W HNUE: T2 w drE: F2N
AMSUA and H SAF area Resolution changing
MHS on extended to|  along the scan:
P initati e at NOAA19 Afncti and varying from 16 x 16
recipriation rate & AMSU/A and southern km2 /circular | RR > 1 mm/h FSE% RR > 1 mm/h FSE% 4 RR > 1 mm/h FSEY
PR HO2B | ground by MW cross PROBS2B Metop-Band BUFR Atlantlg. at nadir to 26 x 52 200% 150% 100%
track scanners MetOp-C LAT 60°S | km2/oval at scan
75°N, edge
when ! g
available LON 60°W Sampling 16 km
60°E
P-IN-SSMIS Resolution changing
(HO1), PIN- MSG Full along the scan:
Precipitation rate at MHS (H02B disk: LAT| varying from 15.8 x
PR H18 ground by MW cross| P-INATMS P-INNATMS | NetCDF | 60°S-75°N,| 15.8 km2 / circular af RR > 1 mm/h FSE% = 200% RR > 1 mm/h
track scanners (H18), H LON 80°W nadir to 30 x 68.4
AUX17, H 80°E km2 / oval at scan
AUX20 edge
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Operational Other Spatial
Type ID Product Name Acronym Satellite Input | Operational | Format Co?/era e Spatial Resolution | Threshold Accuracy Target Accuracy Optimal Accuracy
Data Input Data 9
Precipitation rate at RR > 1 mm/h FSEY
ground byblended Full SEVIR 100%
HO1, HO2B disk LAT P
SEVIRI IR/ LEO MV ' ! . Validation method
PR LsoB PIN- Vs sevir] L8 HAUX NetCDF | 60 S MSGSEVIRI grid | RR > 1Mm/A FSE% RR>1mm/h FSE% 1  Meteorological
precipitation and | SEVIRIPMW 17, HAUX 67.5°N, 200% 150% radar and rain
morphologic 20 LON 80°W gauge; use of
) ) 80°E spaceborne
information precipitation radar (
Accumulated
Precipitation at
ground by blended Full SEVIR
SEVIRI IR / P-AG disk LAT
PR | He1B SEVIRIPMW| msG sevirl 11998 NetCDF | 60°S- MSGSEVIRI arid | RR > 1 mm/24h CC| R > 1 mm/24h CC 5 RR > 1 mm/24h CC
LEO MW precipitatior 67.5°N, g 0.50 0.65 0.80
d LON 80°W
n
a 80°E
morphologic
information
Precipitation rate at
ground by MSG SEVIRI HO1, HO2B,
PR PIN-SEVIRI_E  MSG East | H18,H-AUX | NetCDF | gy SeviR : > 1 mm/h FSE% = > 1 mm/h FSE% =
0p =
H63 | GEOIIR supported by SEVIRI | 17, HAUX disk lopc|  MSGSEVIRI grid 200% > 1 mm/h FSE% = 150 100%
LEO/MW 20
IODC
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Operational Other Spatial
Type ID Product Name Acronym Satellite Input | Operational | Format Co?/era e Spatial Resolution | Threshold Accuracy Target Accuracy Optimal Accuracy
Data Input Data 9
Accumulated HAUX
Precipitation from 67 PDM-
- P-AG PMW) or T 60°S
PR H64 PaSSIVeMlcrowave/SC SMZRPMW EX|St|ng successors NetCDF 75°N LON ReSO|UtI0n > 1 mm/24h CC = > 1 mm/24h CC _ (56 > 1 mm/24h CC =
Moisture LEO/GEO SA| and SSM on Ao 0.25°x0.25° 0.50 - 0.80
60°W- 60°E
. . ASCAT
integrated rainfall
A/B/C NRT
product 012.5)
Gridded MW
instantaneous
recipitation r
precipitation rate Metop, NOAA SI\|I_|F(>)F2>E|3—|01, R e e
PR | e based on P-IN-PMW DMSP, | NeCDR ot g%‘gf‘;ogg?a RR>1mmhFSE% RR >1mm/h FSE% 3 RR > 1 mm/h FSEY
intercalibrated PMW Gcomwi, | H18, HAUX Al o9 XL 200% 150% 100%
17, HAUX 60°W- 60°E resolution
instantaneous GPMCO 20
precipitation rate
estimates
Accumulated
Precipitation at PAG
NetCDF | FylISEVIRI RR > 1 mm/24h CC| RR >1mm/24h CC 5 RR >1 mm/24h CC
H90 round by blended i
PR g Yy SEVIRI_E H63 disk 10DC MSGSEVIRI grid 0.50 0.65 0.80
MW and IR
10DC
Smaliscale surface soil ASCAT on ﬁc?riojjlfggggrreesglgggg Correlation Correlation coefficient Correlation
SM HO8 m:gtl:;fo?%/gg?ar SMOBS2 Metop SARImager)  BUFR | H SAF ared starting from 25 km | coefficient (CC): 0.5 (CC): 0.65 coefficient (CC): 0,8
Sampling: 0.5 km
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Operational Other Spatial
Type ID Product Name Acronym Satellite Input | Operational | Format P Spatial Resolution | Threshold Accuracy Target Accuracy Optimal Accuracy
Coverage
Data Input Data
Horizontal resolution
25km
Soil Moisture Profile Values in Vertical resolution: 4
Index in the roots regior grid points layers inthe range . . - .
SM H14 retrieved by surface SMDAS2 ASCAT on SAFH/HL6 ona Global surface t02.89m: (.:9rrelat|on' Correlatlon. coefficient (.:grrelanon.
Metop . coefficient (CC): 0.5 (CC): 0.65 coefficient (CC): 0,8
wetness scatterometer Gaussian layer1 (0-7cm), layer
assimilation method grid 2 (7-28cm), layes3
(28-100cm) and laye
4 (106289cm).
Meton-B ASCAT NRT Resolution: 284 km
P- X 2534 km i i i i i io: i i i
SM H16 | SSM orbigeometry 12.5 SEZTAgfg ,?\\ASCATBon BUER Global . . Signal tg cr]|10|se ratio| Signal toor|10|se ratio: 3| Signal tg 20|se ratioj
km sampling . etop Spatial sampling: 12. B B B
km
Metop-B ASCAT NRT Resolution: 50 km x
= 50 km . . . . . . . . . .
SM H103 | SSMorbit geometry 25 SSNIVFIQ_?SC;AB' ,?\\ASCATBon BUER Global . _ Signal to gglse ratio| Signal toorllglse ratio: 3| Signal to g;lse ratio|
km sampling 025 etop Spatial sampling: 24 0 6
km
Extension of
Metop ASCAT SSM data record fcrn\:leotvcviaF Resolution: 2634 km Signal to noise ratio| Signal to noise ratio: 3| Signal to noise ratio|
SM H120 | DR2021EXT SSM timd ASCATDR202 SSM 9 Global X 2534 km 9 9 ' 9
. . CF ) 0dB dB 6 dB
series 12.5 km sampling{ EXTTS12.5 | ASCAT DR201 . Sampling: 12.5 km
convention
TS12.5
Values on
a regular
Scatterometer Root RZSM ASCAT on 0.1 Horizontal resolution Correlation Correlation coefficient Correlation
SM H142 Zone Soil Moisture DR2026EXT | Metop-A/B/C degrees Global N - . . - .
Climate Data 10Kkm for 20192021 grid, in 0.1 degrees (~10 km coefficient (CC): 0.5 (CC): 0.65 coefficient (CC): 0,8
GRIB and
NetCDF
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Operational Other Spatial
Type ID Product Name Acronym Satellite Input | Operational | Format Col\)/era e Spatial Resolution | Threshold Accuracy Target Accuracy Optimal Accuracy
Data Input Data 9
Horizontal resolution
H102 0.1 degrees (~10km
(ASCA™R) Vertical resolution: 4
Metop ASCAT NRT Ro and H103 layers inthe range
SM H26 Zone Soil Moisture | RZSMASCAT (ASCAB); NetCDE Global surface t02.89m: Correlation Correlation coefficient Correlation
Profile Index 10km NRTF10 and H105 layerl (0-7cm), layer | coefficient (CC): 0.5 (CC): 0.65 coefficient (CC): 0.8
resolution (ASCAT) 2 (*
when 28cm), layei3 (28
available 100cm) and layed
(100-289cm).
POD: POD:
Flat/Forested areas| Flat/Forested areas: 85
80 % %
. Mountainous areas:{ Mountainous areas:
sp | H10 Snmgs)tﬁ/?g/f;now SNOBSL SII\E/I\QECIJSO:ESA 5 HDF5 | HSAFared  SEVIRIpixel 60% 70% POD: 99 %
radiomet 9 resolution and grid FAR: FAR: FAR: 5 %
Y Flat / Forested areag Flat/Forested areas: 15
20 % %
Mountainous areas:{ Mountainous areas:
30% 20%
Hit Rate (HR): 60 %4  Hit Rate (HR): 80 % | Hit Rate (HR): 90 9
Resolution: ~ 20 km
SP H11 Show status_ (dry/wet) by SNOBS&2 AMSRE on HDF5 H SAF ares False Alarm Rate | False Alarm Rate (FAR False Alarm Rate
MW radiometry EO&Aqua Samblina: 20 km
piing: (FAR): 20 % 10 % (FAR): 5 %
. AVHRR on Resolution: 2 km, o o
SP H12 Effective Snow cover by SNOBS3 NOAA and HDF5 H SAF areg Sampling:0.01 45% (Overall 65% (Overall accuracy 95% (Overall
VIS/IR radiometry accuracy) accuracy)
Metop degrees
. w CFdreftedk | @ Cf G0 k C| w Cfl G «
S t ivalent SSMIS Resolution: ~ 20 km areas: 40mm 20mm areas: 10mm
now water equivalen on i : :
SP H13 . SNOB#A HDF5 H SAF areg : . . .
by MW radiometry DMSP 4 Sampling:0.25 | " Loy idi| © azdyidlAy| w az2dyidl
degrees . .
areas: 45mm 25mm areas: 15mm
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Operational Other Spatial
Type ID Product Name Acronym Satellite Input | Operational | Format Co?/era e Spatial Resolution | Threshold Accuracy Target Accuracy Optimal Accuracy
Data Input Data 9
Snow detection for flat HDF5, , SEVIRI pixel wFalse Alarm: 259  wFalse Alarm: 15% | wFalse Alarm: 5%
*F H31 land by VIS/NIR of SED-SEVIRF | SEVIRI on M§ MSG Disk . . . . .
SEVIRI NetCDF resolution and grid |  wHit Rate: 70% wHit Rate: 80% wHit Rate: 90%
AVHRR on
. Metop, and . . .
X wWFAR: 25% wWFAR: 15% wWFAR: 5%
sp | Ha2 Snow detection by | e AvHRR|  AVHRR on HDF5 | Global 0.01° x 0.01° ’ ’ °
VIS/NIR of AVHRR NOAA if wPOD: 70% wPOD: 80% wPOD: 90%
feasible
Probability Of 1 o - hility Of Detection
Detection (POD): :
(POD):
WCEHU K | cerd k caz
areas: 80 % o
wazdy it Ay 85 % Probability Of
Snow detection (snow SEVIRI pixel 60% wa 2 dzy 0| Ay 2| Detection (POD): 9
SP H34 mask) by VIS/NIR of | SEDHSEVIRI| SEVIRI on MY HDF5 MSGdisk resolution aFr)1d grid False Al Rat 70% %
SEVIRI aise AAM KA | calse Alarm Rate (FAR ~ False Alarm Rate
(FAR): ) R
wCt i k C2 (FAR): 5 %
wCt i «k 15 %
areas: 20 % °
wa2dzy/ it Ay ‘*’aZd%(y“"Ayg
30% 0
Snowdetection (snow AVHRR Flat areas: 40 % | Flat areas: 20 % (RMY Flat areas: 10 %
i Resolution: ~ 8 km | (RMSE in SCA unit in SCA units RMSE in SCA unit
sp Has | mask) and Effective snol coo oo (NOAA. GRig2 | Northern ! ( ' ' ) ( .
cover by VIS/NIR of Metop) Hemispherd  Sampling: ~5 km | Mountainous areas] Mountainous areas: | Mountainous areas
AVHRR 50% (RMSE) 30% (RMSE) 10% (RMSE)

Table3 list all the operational and preperational products in the covered period with their main characteristics:
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Operational Other Spatial
Type ID Product Name Acronym Satellite Input | Operational | Format Coverage Spatial Resolution | Threshold Accuracy Target Accuracy Optimal Accuracy
Data Input Data
SSMI and Changing with Changing with
SSMIS on SSM/I (on H SAF areg Resolution changing precipitation type: Changing with precipitation type:
HO1 Precipitation rate at PROBSL new DMSP (SSMI DMSP15) extended to| with precipitation w pE: T2 precipitation type: W Hp: T2
PR new rel ground by MW conical rel on DMSP unti| and AMSHE BUFR Africa and type: 30 km in mm/h, w ymr: F2N mm/h,
’ scanner ’ Nov. 2011g (on EOS southern average @ MHJEZO T| 0w ™Mnpzl0 MMM w  p sE-10F 2
no longer Agqua) Atlantic Sampling: 16 km mm/h, w mnp: 2N mm/h,
available) W HNUE: F2 w E: FT2N
AMSUA and H SAF area Resolution changing
MHS on extended to|  along the scan:
Precinitati te at NOAA19 Afnct?] and varying from 16 x 16
recipitation rate a southern km2 / circular S 0 S o S 0
PR | HO2B | ground by MW cross | PROBSZB Q'Z'Ss_/gaizd BUFR | Atanic: | atnadir to 26 x 52 RR 12'80";2 FSE% RR 11'20";2 FSE% 1 RR 11'80";2 FSE
track scanners MetOp-C LAT 60°S | km2/oval at scan
when 75°N; edge
available LON (?,0 W Sampling 16 km
60°E
P-IN-SSMIS Resolution changing
(HO1), PIN- MSG Full along the scan:
Precipitation rate at MHS (H02B disk: LAT| varying from 15.8 x
PR H18 ground by MW cross| P-INATMS P-INNATMS | NetCDF | 60°S-75°N,| 15.8 km2 / circular af RR > 1 mm/h FSE% = 200% RR > 1 mm/h
track scanners (H18), H LON 80°W nadir to 30 x 68.4
AUX17, H 80°E km2 / oval at scan
AUX20 edge
Precipitation rate at RR > 1 mm/h FSEY
ground byblended Full SEVIR 100%
HO1, HO2B, disk LAT Validation method
PR soB SEVIRIIRTLEOMY o MsG sgyir| 18 HAUX| NetCDF 1 60°s MSGSEVIR| arid | RR > 1 mm/h FSE% RR>1mm/h FSE% 1  Meteorological
precipitation and | SEVIRIPMW 17, HAUX 67.5°N, o 200% 150% radar and rain
morphologic 20 LON 80°W gauge; use of
80°E spaceborne
information precipitation radar (
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Operational Other Spatial
Type ID Product Name Acronym Satellite Input | Operational | Format Co?/era e Spatial Resolution | Threshold Accuracy Target Accuracy Optimal Accuracy
Data Input Data 9
Accumulated
Precipitation at
ground by blended Full SEVIR
P-AG disk LAT
PR | He1B SEVIRIIR/ SEVIRIPMW| msc sevirl 00 NetCDF | 60°S- MSGSEVIRI arig | RR > 1 MM/24h CC|  RR > 1 mm/24h CC 5 RR > 1 mm/24h CC
LEO MW precipitatior 67.5°N, g 0.50 0.65 0.80
d LON 80°W
an
80°E
morphologic
information
Precipitation rate at
ground by MSG SEVIR| HO1, H02B,
PR P-IN-SEVIRI_E  MSG East | H18,H-AUX | NetCDF | ki SEVIR ) > 1 mm/h FSE% = > 1 mm/h FSE% =
H63 | GEOI/IR supported b % =
PP ) SEVIRI | 17, HAUX disk lopc|  MSGSEVIRI grid 200% > 1 mm/h FSE% = 150 100%
LEO/MW
20
10DC
Accumulated HAUX
Precipitation from 67 RDM-
o P-AG PMW) or T 60°S
PR H64 PassiveMicrowave/Sg SM2RPMW Existing successors| NECDF 755N, LON Resolution: >1mm2ahCC=| | o ccogg| > 1mm/24hCC=
Moisture LEO/GEO SA| and SSM nr Ao 0.25°x0.25° 0.50 - 0.80
60°W- 60°E
. . ASCAT
integrated rainfall
A/B/C NRT
product 012.5)
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Operational Other Spatial
Type ID Product Name Acronym Satellite Input | Operational | Format Col\)/era e Spatial Resolution | Threshold Accuracy Target Accuracy Optimal Accuracy
Data Input Data 9
Gridded MW
instantaneous
precipitation rate Metop, NOAA SNPP HO1,
' 1 HO2B, : 60° i
PR | o8 based on PIN-PMW DMSP, NetCDF ';QL Gfoi- Rg%‘;'?rogggoat RR>1mm/h FSE% RR > 1 mm/h FSE% i RR > 1 mm/h FSE?
intercalibrated PMW Gcomwi, | H18, HAUX dpet e9 X, 200% 150% 100%
17, HAUX 60°W- 60°E resolution
instantaneous GPMCO 20
precipitation rate
estimates
Accumulated
Precipitation at PAG
NetCDF i
PR | H90 | ground by blended | SEVIRI_E H63 ';‘ijs"fl'é\gﬁ' MSGSEVIRI grid | "R~ 1(')“;‘)/24h CCl RR> 1(;“62/24h CCIRR> 18“&?)/24“ cc
MW and IR ' ' '
10DC
Smaliscale surface soil Resolution resulting
. ASCAT on . | from disaggregation Correlation Correlation coefficient Correlation
SM HO8 moisture by radar SMOBS2 Metop SARImager)  BUFR | H SAF areg starting from 25 km | coefficient (CC): 0.5 (CC): 0.65 coefficient (CC): 0,8
scatterometer Sampling: 0.5 km
Horizontal resolution
25km
Soil Moisture Profile Values in Vertical resolution: 4
Index in the roots regior grid points layers inthe range . . .- .
SM H14 retrieved by surface SMDAS2 ASCAT on SAFH/HL6 ona Global surface t02.89m: C;qrrelaﬂon_ Correlatlon_ coefficient (_:qrrelanon.
Metop . coefficient (CC): 0.5 (CC): 0.65 coefficient (CC): 0,8
wetness scatterometer Gaussian layerl (0-7cm), layer
assimilation method grid 2 (7-28cm), layes3
(28-100cm) and layer
4 (106289cm).
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Operational Other Spatial
Type ID Product Name Acronym Satellite Input | Operational | Format Co?/era e Spatial Resolution | Threshold Accuracy Target Accuracy Optimal Accuracy
Data Input Data 9
MetopB ASCAT NRT Resolution: 2584 km
etop- SSMASCAF | ASCAT on X 2534 km Signal to noise ratio| Signal to noise ratio: 3| Signal to noise ratio
SM H16 | SSM orbigeometry 12.5 NRT O12.5 M B BUFR Global ) ) d d d
km sampling . etop Spatial sampling: 12. 0dB B 6 dB
km
Meton-B ASCAT NRT Resolution: 50 km x
eop- SSM ASCAE ASCAT on 50 km Signal to noise ratio| Signal to noise ratio: 3| Signal to noise ratio|
SM H103 | SSMorbit geometry 25 NRT 025 M B BUFR Global . . 0dB dB 6 dB
km sampling etop Spatial sampling: 25
km
Extension of
Metop ASCAT SSM data record fcrn\:li)tvcvi?: Resolution: 234 km Signal to noise ratio| Signal to noise ratio: 3| Signal to noise ratio|
SM | H120 | DR2021EXT SSM tim{ ASCATDR202|  SSM 91 Global X 2534 km 9 9 -9 =19
. . CF ) 0dB dB 6 dB
series 12.5 km samplin{ EXTTS12.5 | ASCAT DR201 . Sampling: 12.5 km
TS12.5 convention
Values on
a regular
Scatterometer Root RZSM ASCAT on 0.1 Horizontal resolution Correlation Correlation coefficient Correlation
SM H142 Zone Soil Moisture DR2026EXT | Metop-A/B/C degrees Global N - . . - ]
Climate Data 10km for 20162021 grid, in 0.1 degrees (~10 km coefficient (CC): 0.5 (CC): 0.65 coefficient (CC): 0,8
GRIB and
NetCDF
Horizontal resolution
H102 0.1 degrees (~10km
(ASCAR) Vertical resolution: 4
Metop ASCAT NRT Ro| and H103 layers inthe range
SM H26 Zone Soil Moisture | RZSMASCAT (ASCAB); NetCDE Global surface t02.89m: Correlation Correlation coefficient Correlation
Profile Index 10km NRTF10 and H105 layer1 (0-7cm), layer| coefficient (CC): 0.5 (CC): 0.65 coefficient (CC): 0.8
resolution (ASCAT) 2 (7
when 28cm), layes (28
available 100cm) and laye#
(100289cm).
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Operational Other Spatial
Type ID Product Name Acronym Satellite Input | Operational | Format Co?/era e Spatial Resolution | Threshold Accuracy Target Accuracy Optimal Accuracy
Data Input Data 9
POD: POD:
Flat/Forested areas| Flat/Forested areas: 85
80 % %
. Mountainous areas:{ Mountainous areas:
sP | H10 Snmgs)t%&?g/f;now SNOBSL SI\EA\QEclas?ansgﬂ 5 HDF5 | HSAFared  SEVIRIpel 60% 70% POD: 99 %
radomet 9 resolution and grid FAR: FAR: FAR: 5 %
Y Flat / Forested areag Flat/Forested areas: 11
20 % %
Mountainous areas:{ Mountainous areas:
30% 20%
Hit Rate (HR): 60 9 Hit Rate (HR): 80 % | Hit Rate (HR): 90 9
Resolution: ~ 20 km
sp | H1p |Snowstatus (dyweby  oynpe, | AMSREON HDF5 | H SAF ared False Alarm Rate | False Alarm Rate (FAR  False Alarm Rate
MW radiometry EOSAqua Sampling: 20 km
piing: (FAR): 20 % 10 % (FAR): 5 %
. AVHRR on Resolution: 2 km
! 0, 0,
sp | wHip | Effective snowcoverby o peq NOAA and HDF5 | HSAFared  Sampling:0.01 4s% (Overall | go00 Overall accuracyf 220 (Overal
VIS/IR radiometry accuracy) accuracy)
Metop degrees
. w CHdreStedk | @ Cf G k C| w Ctld «
S t ivalent SSMIS Resolution: ~ 20 km areas: 40mm 20mm areas: 10mm
now water equivalen on i : :
SP H13 . SNOB#A HDF5 H SAF areg : . . .
by MW radiometry DMSP g Sampling:025 | ) aodyit| w azdy it Ay| w a2dyiil
degrees . .
areas: 45mm 25mm areas: 15mm
Snow detection for flat HDFS5, . SEVIRI pixel wFalse Alarm: 25%  wFalse Alarm: 15% wFalse Alarm: 5%
* H31 land by VIS/NIR of SED-SEVIRF | SEVIRI on M§ MSG Disk . . . . .
SEVIRI NetCDF resolution and grid | wHit Rate: 70% wHit Rate: 80% wHit Rate: 90%
AVHRR on
. Metop, and . . .
! wWFAR: 25% wWFAR: 15% WFAR: 5%
sp | H Snow detection by | e AvRR| AVHRR on HDF5 | Global 0.01° X 0.01° ’ ’ °
VISINIR of AVHRR NOAA if wPOD: 70% wPOD: 80% wPOD: 90%
feasible
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Operational Other Spatial
Type ID Product Name Acronym Satellite Input | Operational | Format P Spatial Resolution | Threshold Accuracy Target Accuracy Optimal Accuracy
Coverage
Data Input Data
Probability Of . .
- . | Probability Of Detectior]
Dete(t:tltljn '(POD). (POD):
(.\)C 3 U K e
areas: 80 % wCtl UOK cz
wa2dy it Ay 85 % Probability Of
Snow detection (snow ) o wa 2dzy il Ay 2| Detection (POD): 9
. SEVIRI pixel 60% 0 9
SP H34 mask) by VIS/NIR of | SEDHSEVIRI| SEVIRI on MY HDF5 MSGdisk resolution and arid False Al Rat 70% %
SEVIRI 9 aise varm Ral€ | caise Alarm Rate (FAH  False Alarm Rate
(FAR): i FAR): 5 %
- wCf i k C2 ( ):5%
wCt i « 15 %
areas: 20 % °
wa2dz/ it Ay waedzzgo/ul-kyz
30% 0
Snowdetection (snow AVHRR Flat areas: 40 % | Flat areas: 20 % (RMS  Flat areas: 10 %
i Resolution: ~ 8 km| (RMSE in SCA unit in SCA units RMSE in SCA unit
sp h3s | mask) and Effective snol Lo o0 (NOAA. GRig2 | Northern . ( _ _ ) ( .
cover by VIS/NIR of Metop) Hemispherd  Sampling: ~5 km | Mountainous areas{ Mountainous areas: | Mountainous areas
AVHRR 50% (RMSE) 30% (RMSE) 10% (RMSE)

Table3: Commitments related to Product Requirenievitsn characteristics
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Type ID Product Name Acronym | Generation frequency Timeliness
Precipitation rate at ground by MW Up to six passes/day in the
pr | HOL new Frecip g y PROBSL | tervals 0612 and 184 UTC | 2.5 hours
rel. conical scanner new rel. )
Observing cycle over Europe: ~ 1
Up to six passes/day with
Precipitation rate at ground by MW somewhat irregular distribution A
PR HO02B crosstrack scanners P-IN-MHS | across the day_ 2.5 hours
Observing cycle over Europe: ~ 5
Observing cycle 12 h (on average
o lower when ATMS will be availabl
PR H18 Precipitation rate at ground by MW PIN-ATMS | also on JPS irregular 15h
crosstrackscanners ATMS o
distribution each day and across
MSG full disk region.
Precipitation rate at ground
byblendedSEVIRI IR / LEO MW P-IN- : .
15 min
PR HeoB precipitation and morphologic SEVIRIPMW 15 min
information
Accumulated Precipitation at DA ih accumulategrecipitation every
AL our
PR He1s ground by blended SEVIRIIR /| op\ /2 oy o 30 min
LEO MW precipitation and 24h accumulated precipitation
morphologic information every 6 hours
PR Precipitation rate at ground by P-IN-
H63 GEO/IR supported by LEO/MW | SEVIRI_E | 15 min 30 min
I0DC
PR Accumulated Precipitation from P-AC
H64 PassiveMicrowave/Soil Moisture| SM2RPMW | Once daily N.A
integrated rainfall product
Gridded MW instantaneous
precipitation rate based on LINL
PR H68 intercalibrated PMW PINPMW 1 30 min 4 hours
instantaneous precipitation rate
estimates
1h accumulated precipitation eve
Accumulated Precipitation at P-AG hour
PR H90 ground byblended MW and IR SEVIRI_E o 30 min
1ODC 24h accumulated precipitation
once a day
On completion of each orbit at 10
Smaliscale surface soil moisture byf min intervals, through the interval .
SM HO8 radar scatterometer SMOB=2 07-11 and 1723 UTC 130 min
Observing cycle over Europe: 36
SO|I MOiSture PI‘Ofi|e |ndeX in the Model Output at 24h intervals
SM H14 rootsregion retrieved by su-rfa.ce_ SMDAS2 | Observing cycle ~ 24 h (NWP mo 24 to 36
wetness scatterometer assimilation hours

method

assimilation / stabilisation process
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Type ID Product Name Acronym | Generation frequency Timeliness
_ On completion of each orbit. Each
SM H16 Metop-B ASCAT NRT SSM orbit | SSM ASCAH orbit lasts 101 minutes (orbital 2 hours
geometry 12.5 knsampling NRT O12.5 ) o
period), resulting in ca. 14
Model output at 24h intervals
Metop ASCAT NRT Root Zone Soill RZSMASCAT .
SM H26 Moisture Profile Index 10km resolution NRTF10 Observing cycle ~ 24 h (N\WP mo| 15 huors
assimilation / stabilisation process
_ orbits/day. Observing cycle over
SM H103 Metop-B ASCAT NRT _SSM orbit | SSM ASCAH Europe: 36 h (full geographical |2 hours
geometry 25 km sampling NRT 025
coverage).
i SSM Irregular (36 months
SM H120 semitigéi?nA;aaRlzir?ZlEXT SSMtint | < - ATDR202 gular ( ) |rregl:1|ar (36
: piing EXTTS12.5 months)
SM H142 Sgatterometer Root Zone Soil Moisture DR202CEXT y NA
Climate Data
10km
Snow detection (snow mask) by o
utput result every 24 h
SP H10 VIS/IR radiometry SNOBS1 p y 3 hours
sp H11 | Show statugdry/wet) by MW SNOBS2 | Output result every 24 h 6 hours
radiometry
Output result every 24 h
i Aft h AVHRR , th
sp H12 Effgctwe snow cover by VIS/IR SNOBS3 er eac _ pass, then mu 3 hours
radiometry temporal analysis for clouftee
pixels
Output result every 24 h
SP H13 Zr:j?m:ttrilr equivalent by MW SNOB&4 | Assimilation of SSMI/S brightnesq 6 hours
temperatures in a background fiel
Snow detection for flat land (snow
Output result every 24 h
SP H31 mask) by VIS/NIR of SEVIRI SED-SEVIRI p ry 3 hours
Snow detection for flat land (snow
= Output result every 24 h
SP H32 mask) by VISINIR of AVHRR SEG-AVHRR p y 3 hours
Snow detection (snownask) by o
utput result every 24 h
SP H34 VIS/IR radiometry SED-SEVIRI p ry 3 hours
After each AVHRR pass, then mu
sp Has | Effective snow cover by VIS/IR Fsa+ | temporal analysis for cloutfee 3 hours
radiometry AVHRR | pixels

Output result every 24 h

Table4 lists all the operational and preperational products in the covered period with their
performance reuirements in terms of generation frequency and timeliness:
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Type ID Product Name Acronym | Generation frequency Timeliness
Precipitation rate at ground by MW Up to six passes/day in the
pr | HO1 new) mrecip g Y PROBSL | t6rvals 0612 and 1824 UTC | 2.5 hours
rel. conical scanner new rel. )
Observing cycle over Europe: ~ 1
Up to six passes/day with
Precipitation rate at ground by MW somewhat irregular distribution A
PR HO02B crosstrack scanners P-IN-MHS | across the day_ 2.5 hours
Observing cycle over Europe: ~ 5
Observing cycle 12 h (on average
o lower when ATMS will be availabl
PR H18 Precipitation rate at ground by MW PIN-ATMS | also on JPSE irregular 15h
crosstrackscanners ATMS o
distribution each day and across
MSG full disk region.
Precipitation rate at ground
byblendedSEVIRI IR / LEO MW P-IN- ; .
15 min
PR HeoB precipitation and morphologic SEVIRIPMW 15 min
information
Accumulated Precipitation at A ih accumulategrecipitation every
AL our
PR He1s ground by blended SEVIRIIR /| ey 2 oy o 30 min
LEO MW precipitation and 24h accumulated precipitation
morphologic information every 6 hours
PR Precipitation rate at ground by P-IN-
H63 GEO/IR supported by LEO/MW | SEVIRI_E | 15 min 30 min
I0DC
PR Accumulated Precipitation from P-AC
H64 PassiveMicrowave/Soil Moisture| SM2RPMW | Once daily N.A
integrated rainfall product
Gridded MW instantaneous
precipitation rate based on LINL
PR H68 intercalibrated PMW PINPMW 1 30 min 4 hours
instantaneous precipitation rate
estimates
1h accumulated precipitation ever
Accumulated Precipitation at P-AG hour
PR H90 ground byblended MW and IR SEVIRI_E o 30 min
1ODC 24h accumulated precipitation
once a day
On completion of each orbit at 10
Smaliscale surface soil moisture byf min intervals, through the interval .
SM HO8 radar scatterometer SMOB=2 07-11 and 123 UTC 130 min
Observing cycle over Europe: 36
SO|I MOiSture PI‘Ofi|e |ndeX in the Model Output at 24h intervals
SM H14 rootsregion retrieved by su-rfa.ce_ SMDAS2 | Observing cycle ~ 24 h (NWP mo 24 to 36
wetness scatterometer assimilation hours

method

assimilation / stabilisation process
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Type ID Product Name Acronym | Generation frequency Timeliness
_ On completion of each orbit. Each
SM H16 Metop-B ASCAT NRT SSM orbit | SSM ASCAH orbit lasts 101 minutes (orbital 2 hours
geometry 12.5 knsampling NRT O12.5 ) o
period), resulting in ca. 14
Model output at 24h intervals
Metop ASCAT NRT Root Zone Soill RZSMASCAT .
SM H26 Moisture Profile Index 10km resolution NRTF10 Observing cycle ~ 24 h (N\WP mo| 15 huors
assimilation / stabilisation process
_ orbits/day. Observing cycle over
SM H103 Metop-B ASCAT NRT _SSM orbit | SSM ASCAH Europe: 36 h (full geographical |2 hours
geometry 25 km sampling NRT 025
coverage).
i SSM Irregular (36 months
SM H120 semitigéi?nA;aaRlzir?ZlEXT SSMtint | < - ATDR202 gular ( ) |rregl:1|ar (36
: piing EXTTS12.5 months)
SM H142 Sgatterometer Root Zone Soil Moisture DR202CEXT y NA
Climate Data
10km
Snow detection (snow mask) by o
utput result every 24 h
SP H10 VIS/IR radiometry SNOBS1 p y 3 hours
sp H11 | Show statugdry/wet) by MW SNOBS2 | Output result every 24 h 6 hours
radiometry
Output result every 24 h
i Aft h AVHRR , th
sp H12 Effgctwe snow cover by VIS/IR SNOBS3 er eac _ pass, then mu 3 hours
radiometry temporal analysis for clouftee
pixels
Output result every 24 h
SP H13 Zr:j?m:ttrilr equivalent by MW SNOB&4 | Assimilation of SSMI/S brightnesq 6 hours
temperatures in a background fiel
Snow detection for flat land (snow
Output result every 24 h
SP H31 mask) by VIS/NIR of SEVIRI SED-SEVIRI p ry 3 hours
Snow detection for flat land (snow
= Output result every 24 h
SP H32 mask) by VISINIR of AVHRR SEG-AVHRR p y 3 hours
Snow detection (snownask) by o
utput result every 24 h
SP H34 VIS/IR radiometry SED-SEVIRI p ry 3 hours
After each AVHRR pass, then mu
sp Has | Effective snow cover by VIS/IR Fsa+ | temporal analysis for cloutfee 3 hours
radiometry AVHRR | pixels

Output result every 24 h

Table4d: Commitments related to Product RequirenieBeneration frequency and Timeliness (only for NRT products)
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3 SYSTEM PERFORMANCE

3.1 Products availability

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 maximum theoretical
value. Here below a detailed description of the parametersaioagate the metrics:

TheExpected Productio(EP) counts the amount of products expected to be generated (the results
will be shown both on a monthly and seamnual basis).

The Successful ProductioiSP) counts the amount of products successfully generated and
disseminated within the expected timeliness of each NRT product (the results will be shown both
on a monthly and serannual basis). For the dfhe products the value of timeliness will no¢ b
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.

TheSuccess RatSR) is calculated as SP/EP. It is expressed as a percentage value with a define
colour code to better identify results below, above or close to the threshold of 95%. The used colour
code is the following:

3.2 EUMETCast Dissemination Timeline

Here below the detailed history of activation/deactivation of the dissemination via EUMETCast is
shown.

ERENEN |-

BENNNEENNENNENER |-

o
N}

pRnnn f
“In

1o

<

o

T RE

RRNREE |9

ERENEE o

T RE

EEREEN o

EENNEE [

TI1ITRE

11111 RE

EENNENNNNNENNRER 5

EENNNENNNEENNRER |9

ANENENNENENNENEN [of

EENNENNNNENENNRER 3

BENNNEENNENNENER [o

EENNONENNCNNENRERE |

iR 5

N
iR 5
L]

L e

iR o

BN |9

in 3

il

in

hOlnewrel| Apr.2012 'y Wl B W
h02B Oct. 2019 Ip B

h03B Mar. 2019 g
h0o5B Mar. 2019 p
hi5 Jun. 2015 Th
hi8 Feb.2020 Iy
h60B Sep. 2022
h61B Sep. 2022
h63 Sep. 2022
h64 Sep 2022
hés Sep. 2022
ho0 Sep. 2022
hos Apr. 2011 T
hi4 May 2013 T
h16 Jul. 2016 T
h26 Mar. 2022
h101 Jul. 2016 Tp
h102 Jul. 2016 Th
h103 Jul. 2016 T
h10 Apr. 2012 My
hil Jul. 2014 T
h12 Nov. 2012 Iy
h13 Nov. 2012 g
b
o

BEREEE ||y

PRECIPITATION

[ § ]
[ § ]
=2 1]

EENNNNNENNEENEER [B

BiENsgoeasIRRNEN B
ERNRENNNNRENENNNN

SOIL MOISTURE

EEENENENEN NER
EEENENENEN NER
EEEENEEEE NER
SoIININNNER HNN
EEENENENEN NER
EEEENEEEE NER
EEENENENEN NER
EEENENENEN NER
EEEENEEEE NER

SNOW

h31* Feb.2019
h32* Feb.2019

h34 May 2021
h35 May 2021

*NOTE:Operational in H SAF since February 2019 (previously operational in LSA SAF) B8 OPERATIONAL
PRE-OPERATIONAL
Il DISMISSED




Doc. No: SAF/HSAF/OpRep/2023_S1_S2
EUMETSAT Operations Report Version:2.0
H SAF 2023S1/S2 Date:22/05/2024

Page43/195

Figurel: EUMETCast Dissemination Timelimgreen the dissemination period via EUMETCast
3.2.1 EUMETCastissemination
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.
3.2.2 Monthly performance
This section reports the availability of H SAF products on a monthly basis. Please note that the value
of SP in the table are calculated on the basis of the time reported by the dissemination tool (AFD
tool) within the expected timeliness. All NRT produdisseminated after the expected timeliness
have not been included in the sum to obtain the related SP value.

Concerning the value of the timeliness used to compute the SRtseglhas been considered the

values reported in

Type ID Product Name Acronym | Generation frequency Timeliness
Precipitation rate at ground by MW Up to six passes/day in the
PR HOL new ) P g Y PROBSL  1intervals 0612 and 1824 UTC 2.5 hours
rel. conical scanner new rel. )
Observing cycle over Europe: ~ 1
Up to six passes/day with
Precipitation rate at ground by MW somewhat irregular distribution o
PR HO2B crosstrack scanners P-IN-MHS across the day. 2.5 hours
Observing cycle over Europe: ~ 5
Observing cycle 12 h (on average
o lower when ATMS will be availabl
PR H18 Precipitation rate at ground by MW PIN-ATMS | also on JPSE irregular 15h
crosstrackscanners ATMS o
distribution each day and across
MSG full disk region.
Precipitation rate at ground
byblendedSEVIRI IR / LEO MW P-IN- : .
15 min
PR He0B precipitation and morphologic | SEVIRIPMW 15 min
information
Accumulated Precipitation at AG ih accumulategrecipitation every
- our
PR He1s ground by blended SEVIRIIR /| e\ 2 oy o 30 min
LEO MW precipitation and 24h accumulated precipitation
morphologic information every 6 hours
PR Precipitation rate at ground by P-IN-
H63 GEO/IR supported by LEO/MW | SEVIRI_E | 15 min 30 min
IODC
PR Accumulated Precipitation from P-AG
H64 PassiveMicrowave/Soil Moisture| SM2RPMW | Once daily N.A
integrated rainfall product
Gridded MW instantaneous
PR H68 precipitation rate based on PINPMW 1 30 min 4 hours
intercalibrated PMW
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Type ID Product Name Acronym | Generation frequency Timeliness
instantaneous precipitation rate
estimates
1h accumulated precipitation ever
Accumulated Precipitation at P-AG hour
PR H90 ground byblended MW and IR SEVIRI_E . 30 min
IODC 24h accumulated precipitation
once a day
On completion of each orbit at 10
Smaliscale surface soil moisture byf min intervals, through the interval .
SM Ho8 radar scatterometer SMOBS2 07-11 and 1723 UTC 130 min
Observing cycle over Europe: 36
Soil Moisture Profile Index in the Model output at 24h intervals
SM H14 rootsregion retrieved by su_rfa_ce_ SMDAS? | Observing cycle ~ 24 h (NWP mo 24 to 36
wetness scatterometer assimilation o L hours
method assimilation / stabilisation procesg
_ On completion of each orbit. Each
SM Hie |Metop-B ASCAT NRT SSMorbit | SSMASCATY it |asts 101 minutes (orbital | 2 hours
geometry 12.5 knsampling NRT O12.5 . o
period), resulting in ca. 14
Model output at 24h intervals
Metop ASCAT NRT Root Zone Soill RZSMASCAT .
SM H26 Moisture Profile Index 10km resolutior NRTF10 Observing cycle ~ 24 h (N\WP mo| 15 huors
assimilation / stabilisation procesg
_ orbits/day. Observing cycle over
SM H103 Metop-B ASCAT NRT SSM orbit | SSM ASCAH Europe: 36 h (full geographical |2 hours
geometry 25 km sampling NRT O25
coverage).
i SSM Irregular (36 months
SM H120 ser'\i/leest(:)Lg AB?(%ASTalezir?zlEXT SSM UM o A TDR202 gular ( ) |rregl,;]|ar (36
: piing EXTTS12.5 months)
SM H142 Sc_atterometer Root Zone Soil Moisture] DR2020EXT y NA
Climate Data
10km
Snow detection (snow mask) by o
utput result every 24 h
SP H10 VIS/IR radiometry SNOBS1 p y 3 hours
sp H11 anw statugdry/wet) by MW SNOBS2 | Output result every 24 h 6 hours
radiometry
Output result every 24 h
i After each AVHRR pass, then mu
sp H12 Eﬁgctwe show cover by VIS/IR SNOBS3 - p 3 hours
radiometry temporal analysis for clouftee
pixels
Output result every 24 h
sp | Hi3 g{‘j‘?m:tts equivalent by MW SNOBS4 | Assimilation of SSMI/S brightnesd 6 hours
temperatures in a background fiel
sp H31 Snow detection for flat land (snow SED-SEVIRI| Output result every 24 h 3 hours

mask) by VIS/NIR of SEVIRI
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Type ID Product Name Acronym | Generation frequency Timeliness
Snow detection for flat land (snow
Output result every 24 h
SP H32 mask) by VIS/NIR of AVHRR SEG-AVHRR p ry 3 hours
Snow detection (snownask) by Outbut result every 24 h
SP H34 VIS/IR radiometry SED-SEVIRI| Outpu ult every 3 hours
After each AVHRR pass, then mu
sp H3s | Effective snow cover by VIS/IR FSEH- te.mporal analysis for clouttee 3 hours
radiometry AVHRR | pixels
Output result every 24 h

Tabledd & RSTAYSR Ay 14& fvith @ fixed{offs& of five fMibifes @sthe estimated
average time for uploading data on the EUMETSAT FTP ser¥agune®, it is shown the sequence

of events that contribute to the definition of the value BESARimeliness T3T0 and the time

range used to compute the SP resul@®{0. More in detail, an NRT product is considered
Gadz00SaafdzZ t @ LINPRAzZOSRE OLI NIGAOALI GAY3I R (K
SAR-TP servawithin (T2TO)time range.

End to End TIMELINESS

& Satellite Data EUMETCast
=/ Acquisition H-SAF TIMELINESS Dissemination }“

At =5 min
UPLOADINGTO UPLOADINGTO TIME
H-SAF FTP EUMETSAT FTP
T0 T1 T2 T3
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)

Figure2. HSAF Timeliness decomposition
Where:

- TOis the starting processing time (it is extracted from the outputs of operational chaote
GKFG GKS adAYS GF3¢ Ay SFEOK FAES yILYS OF yy;

- T1lis the end of data processing;

- T2is the time when the product is completely uploaded on the H SAF FTP server (it is extracted
from the FTP logs);

- T3is the time when the product is completely uploaded on the EUMETSAT FTP server.
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Table5 and Table6 report, for each producaénd for each month ¢12), the numberof expected files along with the numbef files that have been
actually disseminatedlhe percentage adisseminated wrt expected files also reported

TOTAL number of files disseminated VS Expected
1 2 3 4 5 6
Prod type Prod Id | File type | Diss. Exp % Diss. Exp % Diss. Exp % Diss. Exp % Diss. EXxp % Diss. Exp %

ho1 nc.gz 1174 1226 | 95,76% | 938 984 95,33%| 1153 1200 | 96,08%| 1108 1136 | 97,54%| 1107 1120 | 98,84%| 1059 1066 | 99,34%
h02B nc.gz 1302 1302 | 100,00% 1043 1043 | 100,00% 1300 1302 | 99,85%| 1257 1257 | 100,00%¢ 1311 1311 | 100,00% 1187 1187 | 100,00%
h03B grb.gz 2901 2976 | 97,48%
h05B grb.gz 972 992 97,98% DISMISSED starting from 31/01/2023
h15 grb.gz 2857 2976 | 96,00%

PR h18 nc.gz 876 879 99,66%| 793 793 | 100,00% 878 879 99,89%| 790 816 96,81%| 829 831 99,76% | 846 848 99,76%
h60 nc.gz 2968 2976 | 99,73%| 2684 2688 | 99,85%| 2964 2976 | 99,60% | 2874 2880 | 99,79%| 2968 2976 | 99,73%| 2864 2880 | 99,44%
h61 nc.gz 868 868 | 100,00% 784 784 | 100,009 867 868 99,88% | 840 840 | 100,00% 868 868 | 100,00% 836 840 99,52%
h63 nc.gz 2965 2976 | 99,63%| 2684 2688 | 99,85%| 2969 2976 | 99,76% | 2875 2880 | 99,83%| 2971 2976 | 99,83%| 2872 2880 | 99,72%
h64 nc.gz 31 31 100,00% 28 28 100,00% 31 31 100,00% 30 30 100,00% 30 31 96,77% 30 30 100,00%
h68 nc.gz 1478 1488 | 99,33% [ 1327 1344 | 98,74%| 1478 1488 | 99,33% | 1432 1440 | 99,44%( 1480 1488 | 99,46%( 1431 1440 [ 99,38%
h90 nc.gz 867 867 | 100,00% 784 784 | 100,00% 868 868 | 100,00% 840 840 | 100,00% 868 868 | 100,00% 838 840 99,76%
hos buf 1390 1426 | 97,48%| 1249 1288 | 96,97% | 1394 1426 | 97,76% | 1343 1380 | 97,32% | 1261 1426 | 88,43% [ 1302 1380 [ 94,35%
ho8 netcdf 1390 1426 | 97,48% [ 1249 1288 | 96,97%( 1394 1426 | 97,76% | 1343 1380 | 97,32%( 1261 1426 | 88,43% [ 1302 1380 [ 94,35%

SM h14 grib2.gz 31 31 100,00% 28 28 100,00% 31 31 100,00% 30 30 100,009 31 31 100,00% 30 30 100,00%
h16 netcdf 14868 | 14880 | 99,92% | 13437 | 13440 | 99,98% | 14861 | 14880 | 99,87% | 14399 | 14400 | 99,99%| 14878 | 14880 [ 99,99% | 14364 | 14400 | 99,75%
h103 buf 14867 | 14880 | 99,91%| 13437 | 13440 | 99,98% | 14399 | 14880 | 96,77% | 14400 | 14400 | 100,00% 14874 | 14880 [ 99,96% | 14304 | 14400 | 99,33%
h26 nc 31 31 100,00% 28 28 100,00% 31 31 100,00% 30 30 100,009 31 31 100,00% 30 30 100,00%
h10 H5.gz 31 31 100,00% 28 28 100,00% 31 31 100,00% 30 30 100,009 31 31 100,009 30 30 100,00%
hil grib2.g9z 31 31 100,00% 28 28 100,00% 31 31 100,00% 30 30 100,009 31 31 100,00% 30 30 100,00%
h12 grib2.gz 31 31 100,00% 28 28 100,00% 31 31 100,00% 30 30 100,009 31 31 100,00% 30 30 100,00%

sp h13 grib2.g9z 31 31 100,00% 28 28 100,00% 30 31 96,77% 30 30 100,009 31 31 100,00%¢ 30 30 100,00%
h34 H5.9z 31 31 100,00% 28 28 100,00% 31 31 100,00% 30 30 100,009 31 31 100,00% 30 30 100,00%
h35 grib2.9z 27 31 87,10% 28 28 100,00% 31 31 100,00% 29 30 96,67% 31 31 100,00%¢ 30 30 100,00%
h31 H5.9z 31 31 100,00% 28 28 100,00% 31 31 100,00% 30 30 100,009 31 31 100,00% 30 30 100,00%
h32 H5.gz 31 31 100,00% 28 28 100,00% 31 31 100,00% 30 30 100,00%9 31 31 100,00% 30 30 100,00%

Table5: Product dissemination statistics (1st semeXi&s)
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TOTAL number of files disseminated VS Expected
7 8 9 10 11 12
Prod typg Prod Id | Format [ Diss. Exp % Diss. Exp % Diss. Exp % Diss. Exp % Diss. Exp % Diss. Exp %

hol nc.gz 972 989 98,28% | 1050 1073 | 97,86% | 1025 1046 | 97,99% | 1073 1089 | 98,53%| 1014 1042 | 97,31% | 1043 1069 | 97,57%

h02B | nc.gz 1150 1151 | 99,91% | 1188 1191 | 99,75% | 1155 1157 | 99,83% | 1074 1075 | 99,91%| 1050 1050 | 100,00%| 1163 1165 | 99,83%

h18 nc.gz 685 685 | 100,00% 856 856 100,00%| 825 827 99,76%| 800 800 | 100,00% 814 820 99,27% | 864 871 99,20%

h60 nc.gz 2746 2976 | 92,27%| 2967 2976 | 99,70% | 2875 2880 | 99,83%| 2971 2976 | 99,83%| 2876 2880 | 99,86% | 2969 2976 | 99,76%
PR h61 nc.gz 783 868 90,21%| 868 868 100,00%| 840 840 | 100,00% 868 868 | 100,00% 840 840 100,00%| 868 868 | 100,00%
h63 nc.gz 2868 2976 | 96,37%| 2929 2976 | 98,42% | 2877 2880 | 99,90% | 2899 2976 | 97,41%| 2873 2880 | 99,76% | 2972 2976 | 99,87%
h64 nc.gz 31 31 100,00%¢ 31 31 100,00%| 30 30 100,00%¢ 31 31 100,00% 30 30 100,00%| 31 31 100,00%

h68 nc.gz 1480 1480 [ 100,00% 1479 1488 [ 99,40% [ 1431 1440 [ 99,38% [ 1476 1488 [ 99,19% | 1431 1440 | 99,38% | 1480 1488 | 99,46%

h90 nc.gz 837 854 98,01%| 854 854 | 100,00%| 840 840 | 100,00%9 851 854 99,65%| 840 840 100,00%| 854 868 98,39%

ho8 nc 1369 1426 | 96,00% | 1394 1426 | 97,76% | 1328 1380 | 96,23%| 1379 1426 | 96,70%| 1336 1380 | 96,81% | 1364 1426 | 95,65%

ho8 buf.gz 1369 1426 [ 96,00% | 1394 1426 | 97,76% | 1328 1380 [ 96,23% | 1379 1426 [ 96,70%| 1336 1380 | 96,81% | 1366 1426 | 95,79%

SM h14 grib2.gz 31 31 100,00%¢ 31 31 100,00%| 30 30 100,00%¢ 31 31 100,00% 30 30 100,00%| 31 31 100,00%
h16 nc 14880 [ 14880 | 100,00% 14480 | 14480 | 100,00%| 14400 | 14400 | 100,00% 14880 | 14880 [ 100,009 14400 14400 | 100,00%| 14880 [ 14880 | 100,009

h103 | nc 14880 [ 14880 | 100,009 14480 | 14480 | 100,00%| 14400 | 14400 | 100,00% 14880 | 14880 | 100,00% 14400 14400 | 100,00%| 14880 [ 14880 | 100,00%

h26 nc 31 31 100,00% 31 31 100,00%| 30 30 100,00% 31 31 100,00% 30 30 100,00%| 31 31 100,00%

h10 H5.9z 31 31 100,009 31 31 100,00%| 30 30 100,009 31 31 100,009 30 30 100,00%| 31 31 100,00%

h1l grib2.gz 31 31 100,009 31 31 100,00%| 30 30 100,009 31 31 100,009 30 30 100,00%| 31 31 100,00%

h12 grib2.9z 31 31 100,00%¢ 31 31 100,00%| 30 30 100,00%¢ 31 31 100,009 30 30 100,00%| 31 31 100,00%

sp h13 grib2.gz 31 31 100,009 31 31 100,00%| 30 30 100,009 31 31 100,009 30 30 100,00%| 31 31 100,00%
h34 H5.gz 31 31 100,00%¢ 31 31 100,00%| 30 30 100,00%¢ 31 31 100,009 30 30 100,00%| 31 31 100,00%

h35 grib2.gz 31 31 100,009 31 31 100,00%| 29 30 96,67% 30 31 96,77% 30 30 100,00%| 31 31 100,00%

h31 H5.9z 31 31 100,009 31 31 100,00%| 30 30 100,009 31 31 100,009 30 31 96,77% 31 31 100,00%

h32 H5.9z 31 31 100,00% 31 31 100,00%| 30 30 100,00% 31 31 100,00% 30 31 96,77% 31 31 100,00%

Table6: Product dissemination statistics (2nd seme0a)

Table7 and Table8 report, for each produceind for each monthgecond raw numbers from 1 td2), the number ofon-time deliveries The
percentage obn-time deliveries wrt the number aflisseminationss also reported
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TOTAL number of files disseminated in Timelines VS Generated
1 2 3 4 5 Mean 1st Sem
Prod type | Prod Id | File type| Diss. % Diss. % Diss. % Diss. % Diss. % Diss. %
hol nc.gz 1145 | 97,53% 934 99,57% 1134 98,35% | 1103 99,55% | 1085 [ 98,01% 1037 97,92% 98,49%
h02B | nc.gz 1302 | 100,00%| 1043 | 100,00% 1225 94,23% | 1249 99,36% | 1309 [ 99,85% 1182 99,58% 98,84%
hO3B | grb.gz 2899 99,93% 99,93%
hO5B | grb.gz 972 100,00% DISMISSED starting from 31/01/2023 100,00%
h15 grb.gz 2856 | 99,96% 99,96%
PR h18 nc.gz 876 100,00%| 793 100,00% 878 100,00% 780 98,73% 822 99,16% 846 100,00% 99,65%
h60 nc.gz 2967 99,97% 2684 | 100,00%| 2963 99,97% | 2871 99,90% | 2968 [ 100,00% 2864 | 100,009 99,97%
h61 nc.gz 868 100,00%| 784 100,00%| 867 100,00% 840 100,00% 868 100,00% 836 100,00% 100,00%
h63 nc.gz 2964 | 99,97% | 2683 | 99,96% | 2969 | 100,00% 2875 | 100,00% 2971 | 100,00% 2870 | 99,93% 99,98%
h64 nc.gz 31 100,00% 28 100,00%) 31 100,00% 30 100,00% 30 100,00% 30 100,00% 100,00%
h68 nc.gz 1478 | 100,00%| 1327 [ 100,00% 1478 | 100,00% 1432 | 100,00% 1480 | 100,00% 1431 | 100,00% 100,00%
ho0 nc.gz 867 100,00% 784 100,00%| 868 100,00% 840 100,009 868 100,00% 838 100,00% 100,00%
h08 buf 1390 | 100,00%| 1249 | 100,00% 1394 [ 100,00% 1343 | 100,00% 1213 | 96,19% 1299 99,77% 99,33%
h08 netcdf 1390 | 100,00%| 1249 | 100,00% 1394 [ 100,00% 1343 | 100,00% 1225 | 97,15% 1300 99,85% 99,50%
SM h14 grib2.gz 31 100,00% 28 100,00% 31 100,00%| 30 100,00% 31 100,00%| 30 100,00% 100,00%
h16 netcdf 14868 | 100,00%| 13437 | 99,98% | 14861 | 100,00% 14399 | 100,00% 14878 | 100,00% 14364 | 100,00% 100,00%
h103 buf 14867 | 100,00%| 13437 | 99,98% | 14399 | 100,00%| 14400 | 100,00% 14874 | 100,00% 14304 | 100,00% 100,00%
h26 nc 31 100,00%) 28 100,00%) 31 100,00% 30 100,00% 31 100,00% 30 100,00% 100,00%
h10 H5.9z 30 96,77% 28 100,00%) 31 100,00% 30 100,00% 31 100,00% 29 96,67% 98,91%
hll grib2.gz 30 96,77% 28 100,00%) 31 100,00% 30 100,00% 31 100,00% 28 93,33% 98,35%
h12 grib2.gz 31 100,00%) 28 100,00%) 31 100,00% 30 100,00% 30 96,77% 29 96,67% 98,91%
sp h13 grib2.gz 29 93,55% 28 100,00%) 30 100,00% 30 100,00% 31 100,00% 28 93,33% 97,81%
h34 H5.9z 31 100,00%) 28 100,00%) 30 96,77% 30 100,00% 31 100,00% 29 96,67% 98,91%
h35 grib2.g9z 27 100,00%) 28 100,00%) 31 100,00% 29 100,00% 31 100,00% 30 100,00% 100,00%
h31 H5.9z 31 100,00% 28 100,00%) 31 100,00% 30 100,00% 31 100,00% 30 100,00% 100,00%
h32 H5.gz 31 100,00% 28 100,00% 31 100,00%| 30 100,00% 31 100,00% 30 100,00% 100,00%

Table7: Ontime product dissemination statistics (1st semest&) 202
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TOTAL number of files disseminated in Timelines VS Generated

7 8 9 10 11 12 Mean 2nd Sen
Prod typg ProdId| Format| Diss. % Diss. % Diss. % Diss. % Diss. % Diss. %
ho1 nc.gz 952 97,94% | 1014 | 96,57%| 1004 | 97,95% | 1058 | 98,60%| 991 97,73%| 1011 | 96,93% 97,62%
h02B | nc.gz 1131 | 98,35% | 1140 | 95,96% | 1109 | 96,02%| 1028 | 95,72% | 1042 | 99,24% | 1162 | 99,91% 97,53%
h18 grb.gz 639 93,28%| 818 95,56% | 807 97,82% | 773 96,63% | 814 | 100,00% 800 92,59% 95,98%
h60 grb.gz 2554 | 93,01% | 2967 |100,00% 2872 | 99,90%| 2970 | 99,97%| 2844 | 98,89% | 2967 [ 99,93% 98,61%
PR h61 grb.gz 757 96,68% | 868 |[100,00% 840 | 100,00% 868 | 100,00% 838 99,76% | 868 | 100,009 99,41%
h63 nc.gz 2593 | 90,41% | 2913 | 99,45% | 2877 | 100,00% 2763 | 95,31%| 2869 | 99,86% | 2970 [ 99,93% 97,49%
h64 nc.gz 28 90,32% 31 100,009%9 29 96,67% 30 96,77% 28 93,33% 31 100,00% 96,18%
h68 nc.gz 1480 | 100,00% 1479 | 100,00% 1431 | 100,00% 1476 | 100,00% 1430 | 99,93% | 1480 | 100,00% 99,99%
h90 nc.gz 770 92,00%| 856 | 100,23% 840 | 100,00% 819 96,24%| 840 | 100,00% 868 | 101,64% 98,35%
h08 nc.gz 1236 | 90,28%| 1394 | 100,00% 1328 [ 100,00% 1379 | 100,00% 1336 | 100,00% 1364 | 100,00% 98,38%
h08 nc.gz 1236 | 90,28% | 1394 | 100,00% 1328 [ 100,00% 1379 [ 100,00% 1336 [ 100,00% 1364 [ 99,85% 98,36%
SM h14 grib2.gz 31 100,00% 31 100,00% 30 100,00% 31 100,009 30 100,00% 31 100,00% 100,00%
h16 nc.gz 14818 | 99,58% | 14480 | 100,00% 14400 | 100,00%| 14880 | 100,00% 14400 | 100,00% 14736 | 99,03% 99,77%
h103 | nc 14818 | 99,58% | 14480 | 100,00%| 14400 | 100,00% 14880 | 100,00%4 14400 | 100,00% 14736 | 99,03% 99,77%
h26 nc 31 100,009 31 100,009%9 29 96,67% 31 100,009 30 100,009 31 100,00% 99,44%
h10 H5.9z 31 100,00% 31 100,00% 30 100,00% 31 100,009 30 100,00%9 31 100,00% 100,00%
h11 grib2.gz 31 100,00% 31 100,009 29 96,67% 31 100,00%9 30 100,00% 29 93,55% 98,37%
h12 grib2.gz 31 100,009 30 96,77% 29 96,67% 31 100,009 30 100,009 31 100,00% 98,91%
Sp h13 grib2.gz 29 93,55% 31 100,009 30 100,00% 31 100,009 30 100,009 31 100,00% 98,92%
h34 H5.gz 31 100,000 31 100,009%9 30 100,00% 31 100,009 30 100,009 31 100,00% 100,00%
h35 grib2.gz 31 100,00% 31 100,009%9 29 100,00% 29 96,67% 26 86,67% 31 100,00% 97,22%
h31 H5.9z 31 100,00% 31 100,00% 30 100,00% 31 100,009 30 100,00% 31 100,00% 100,00%
h32 H5.9z 31 100,009 31 100,009 30 100,00% 31 100,009 30 100,009 31 100,00% 100,00%

Table8: Ontime product dissemination statistics (2nd semesg&3j 20
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Finally,Table9 resumes for the whole 2@the same figures reported above.

TYPE | PRODUCT Expected (A) Disseminated (B) On Time (C) Diss. vs Exp. (B/A) OT vs Diss. (C/B)| OT vs Exp. (C/A)
PR hO1 14.166 14.166 13.896 100,00% 98,09% 98,09%
PR h02B 14.830 14.830 14.675 100,00% 98,95% 98,95%
PR h03B 35.040 34.948 34.295 99,74% 98,13% 97,87%
PR h05B 11.680 11.677 11.677 99,97% 100,00% 99,97%
PR h15 35.040 34.475 33.290 98,39% 96,56% 95,01%
PR h18 12.181 12.181 12.024 100,00% 98,71% 98,71%
SM h08 16.790 16.271 15.655 96,91% 96,21% 93,24%
SM h14 365 364 364 99,73% 100,00% 99,73%
SM h16 174.800 174.176 174.176 99,64% 100,00% 99,64%
SM h26 275 272 270 98,91% 99,26% 98,18%
SM h103 174.800 174.176 174.176 99,64% 100,00% 99,64%
SP h10 365 362 362 99,18% 100,00% 99,18%
SP h1l 365 361 362 98,90% 100,28% 99,18%
SP h12 365 362 359 99,18% 99,17% 98,36%
SP h13 365 360 352 98,63% 97,78% 96,44%
SP h31 365 365 365 100,00% 100,00% 100,00%
SP h32 365 365 365 100,00% 100,00% 100,00%
SP h34 365 363 356 99,45% 98,07% 97,53%
SP h35 365 351 350 96,16% 99,72% 95,89%

Table9: Overall 20@statistics
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3.3 Product archiving andlissemination

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 slot of availability of the products.

Operational and pr@perational products are also archived centrally in a complel® NRA 2fRA Y6 2 &F
archive. The H SAF archive is accessible by means of-lbaset) application "H SAF Data Centre"
available athttp://hsaf.meteoam.it/downloadproducts.phpon the H SAF website. This service
allows all registered users to place an order and receive the access on required data by dedicatec
FTP server within three business days.

3.3.1 Product archiving

Product archiving information is here provided. Note that this table lists the number of products
generated and successfully uploaded on the H SAF FTP considering in the total amount also produc
delivered after theexpected timeliness (e.g. products generated and/or uploaded with a delay or
reprocessed).

CKS AYF2N¥IFGAZ2Y NBFSNNBR (G2 a{dFNI 2F LISNRA2F
the front-end and archive hosts.

Tables below shows the central archive capacity-l{o& storage area), in terms of amount of
products stored in the archive. An incremental accumulation of products is expected for this storage
area.

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


http://hsaf.meteoam.it/download-products.php
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Amount of files stored in the HSAF archive
2023

Type ID Start period (31/12/2022) first semestell second semeste

PR ho1 154230 6539 6177

PR h02B 129228 7400 6778

PR h18 115469 5012 4865

PR h60 0 17315 17344

PR h61 0 5062 5054

PR h63 0 17336 17186

PR h64 0 180 181

PR h68 0 8626 8777

PR h90 0 5065 5011

SM h08 261925 7939 8039

SM h16 1151982 86807 87563

SM h103 1147904 86280 87587

SM h26 482 181 184

SP h103 4262 181 184

SP h11l 3244 181 184

SP h12 3587 181 184

SP h13 3645 180 184

SP h34 1303 181 184

SP h35 1293 176 182

TablelQ Central archive capacit§st and 2d Semester 2@
1 2 3 4

Type ID |Generated Arch. % [Generated Arch. %  [Generated Arch. % [Generated Arch. %  |Genere
PR ho1l 1174 1174 100,009 938 939 100,009 1153 1153 100,009 1108 1104 100,009 1
PR h0o2B 1302 1304 100,009 1043 1049 100,009 1300 1304 100,009 1257 1257 100,009 1
PR h18 876 876 100,009 793 793 100,009 878 878 100,009 790 790 100,009 [
PR h60 2064 2964 100,009 2684 2684 100,009 2064 2964 100,009 2874 2874 100,009 2
PR h61 8683 868 100,009 784 784 100,009 867 867 100,009 840 840 100,009 [
PR h63 2068 2965 100,009 2684 2684 100,009 206 2969 100,009 2879 2874 100,009 2
PR he4 31 31] 100,009 28 28 100,009 31 31] 100,009 30 30/ 100,009
PR h68 1478 1479 100,009 1327 1327 100,009 1478 1474 100,009 1432 1434 100,009 1.
PR h90 867 867 100,009 784 784 100,009 868 868 100,009 844 840 100,009 [
SM hog 1390 1390 100,009 1249 1249 100,009 1394 1394 100,009 1343 1349 100,009 1.
SM h16 14864 14864 100,00% 13437 134371 100,009% 14861 14861 100,00% 14399 14399 100,00% 14
SM h103 14867 14867 100,00% 13437 13437 100,009p 14399 14399 100,00% 14400 14399 99,99% 14
SM h26 31 31] 100,009 28 28 100,009 31 31] 100,009 30 30/ 100,009
SP h103 31 31| 100,009 28 28| 100,009 31 31| 100,009 30 30/ 100,009
SP h11 31 31] 100,009 28 28 100,009 31 31] 100,009 30 30/ 100,009
SP h12 31 31| 100,009 28 28| 100,009 31 31| 100,009 30 30/ 100,009
SP h13 31 31] 100,009 28 28 100,009 30 30 100,009 30 30/ 100,009
SP h34 31 31| 100,009 28 28| 100,009 31 31| 100,009 30 30/ 100,009
SP h35 27 27 100,009 28 28 100,009 31 31] 100,009 29 29 100,009
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Tablelland
7 8 9 10

Type ID |Generated Arch. %  [Generated Arch. %  [Generated Arch. %  [Generated Arch. %  |Genere
PR h01 972 972 100,009 1050 1050 100,009 1025 1025 100,009 1073 1073 100,009 1
PR h02B 115(Q 1150 100,009 1189 1188 100,009 1155 1153 99,839 1074 1074 100,009 1
PR h18 685 685 100,009 877 877 100,009 825 825 100,009 800 8001 100,009 ¢
PR h60 26864 2684 100,009 2967 2967 100,009 2875 2875 100,009 2971 2971 100,009 2
PR h61 770 770 100,009 869 868 100,009 840 840 100,009 868 868 100,00% ¢
PR h63 2634 2634 100,009 2929 2929 100,009 2877 2877 100,009 2899 2899 100,009 2.
PR h64 28] 28( 100,009 31 31 100,009 30| 30[ 100,009 31 31 100,009
PR h68 1480 1480 100,009 1479 1479 100,009 1437 1431 100,009 1474 1474 100,009 1
PR h9o0 770 770 100,009 856 856 100,009 840 840 100,009 851 851 100,00% ¢
SM h08 1234 1236 100,009 1394 1394 100,009 132§ 1328 100,009 1379 1379 100,009 1
SM h16 14880 14864 99,919 14480 14480 100,009 14400 14399 99,999 1488( 14874 99,959 14
SM h103 14880 14865 99,909 14480 14480 100,009 14400 14399 99,999 14880 14874 99,959 14
SM h26 31 31] 100,009 31 31 100,009 30| 30[ 100,009 31 31 100,009
SP h103 31 31| 100,009 31 31| 100,009 30 30/ 100,009 31 31| 100,009
SP h11l 31 31] 100,009 31 31 100,009 30| 30[ 100,009 31 31 100,009
SP h12 31 31| 100,009 31 31| 100,009 30 30/ 100,009 31 31 100,009
SP h13 31 31] 100,009 31 31| 100,009 30 30] 100,009 31 31| 100,009
SP h34 31 31| 100,009 31 31| 100,009 30 30/ 100,009 31 31 100,009
SP h35 31 31] 100,009 3] 31| 100,009 29 29 100,009 30 30] 100,009

Tablel2 show the number of archived products, the number of products successfully disseminated
on time is also reported for reference.
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1 2 3 4 5 6
Type ID |[Generated Arch. % |Generated Arch. % |Generated Arch. % [Generated Arch. % [Generated Arch. % [Generated Arch. %
PR h01 1174 1174 100,009 938 938 100,009 1153 1153 100,009 110§ 1108 100,009 1107 1107 100,009 1059 1059 100,009
PR h02B 1302 1302 100,009 1043 1043 100,009 1300 1309 100,009 1257 1257 100,009 1311 1311 100,009 1187 1187 100,009
PR h18 876 876 100,009 793 793 100,009 878 878 100,009 790 790 100,009 829 829 100,009 846 846 100,009
PR h60 2969 2969 100,009 2684 2684 100,009 2964 2964 100,009 2874 2874 100,009 2969 2969 100,009 2864 2857 99,769
PR h61 868 868 100,009 784 784 100,009 867 867 100,009 840 840 100,009 868 868 100,009 836 839 99,889
PR h63 2965 2965 100,009 2684 2684 100,009 2969 2969 100,009 2874 2875 100,009 2971 2971 100,009 2872 2872 100,009
PR h64 31 31] 100,009 28, 28| 100,009 31 31| 100,009 30) 30/ 100,009 30 30/ 100,009 30| 30] 100,009
PR h68 147§ 1478 100,009 1327 1327 100,009 147§ 1478 100,009 1432 1432 100,009 1480 1480 100,009 1431 1431 100,009
PR h90 867 867 100,009 784 784 100,009 868 868 100,009 840 840 100,009 868 868 100,009 838 839 100,009
SM h08 139Q 1390 100,009 1249 1249 100,009 1394 1394 100,009 1343 1343 100,009 1267 1261 100,009 1302 1302 100,009
SM h16 14864 14864 100,009 13437 13437 100,009 14861 14861 100,009 14399 14399 100,009 14874 14878 100,009 14364 14364 100,009
SM h103 14861 14867 100,009 13437 13437 100,009 14399 14399 100,009 14400 14399 99,999 14874 14874 100,009 14304 14304 100,009
SM h26 31 31] 100,009 28 28| 100,009 31 31| 100,009 30 30/ 100,009 31 31| 100,009 30| 30/ 100,009
SP h103 31 31} 100,009 28, 28| 100,009 31 31| 100,009 30| 30] 100,009 31 31| 100,009 30 30] 100,009
SP h1l 31 31] 100,009 28, 28| 100,009 31 31| 100,009 30 30/ 100,009 31 31| 100,009 30| 30/ 100,009
SP h12 31 31} 100,009 28, 28| 100,009 31 31| 100,009 30| 30] 100,009 31 31| 100,009 30 30] 100,009
SP h13 31 31| 100,009 28 28| 100,009 30 30] 100,009 30 30] 100,009 31 31| 100,009 30 30/ 100,009
SP h34 31 31} 100,009 28, 28| 100,009 31 31| 100,009 30 30] 100,009 31 31 100,009 30 30] 100,009
SP h35 27| 27| 100,009 28, 28| 100,009 31 31] 100,009 29 29| 100,009 31 31| 100,009 30) 30/ 100,009

Tablell archiving integrity 1st Semester 22
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7 8 9 10 11 12
Type ID |[Generated Arch. % |Generated Arch. % |Generated Arch. % [Generated Arch. % [Generated Arch. Generated Arch. %
PR h01 972 972/ 100,009 1050 1050 100,009 1025 1025 100,009 1073 1073 100,009 1014 1014 100,009 1043 1043 100,009
PR h02B 115(Q 1150 100,009 118§ 1188 100,009 115§ 1153 99,839 1074 1074 100,009 1050 1050 100,009 1163 1163 100,009
PR h18 685 685 100,009 877 877 100,009 825 825 100,009 800 800 100,009 814 814 100,009 864 864 100,009
PR h60 2686 2684 100,009 2967 2967 100,009 2874 2875 100,009 2971 2971 100,009 28764 2874 100,009 2969 2969 100,009
PR h61 770 770 100,009 868 868 100,009 840 840 100,009 868 868 100,009 840 840 100,009 868 868 100,009
PR h63 2636 2634 100,009 2929 2929 100,009 2877 2877 100,009 2899 2899 100,009 2873 2873 100,009 2972 2972 100,009
PR h64 28 28| 100,009 31 31| 100,009 30 30/ 100,009 31 31| 100,009 30 30/ 100,009 31 31 100,009
PR h68 1480 1480 100,009 1479 1479 100,009 1431 1431 100,009 14764 1476 100,009 1431 1431 100,009 1480 1480 100,009
PR h90 770 770 100,009 856 856 100,009 840 840 100,009 851 851 100,009 840 840 100,009 854 854 100,009
SM h08 1234 1236 100,009 1394 1394 100,009 1329 1328 100,009 1379 1379 100,009 1336 1334 100,009 1366 1364 100,009
SM h16 14880 148664 99,919 14480 14480 100,009 14400 14399 99,999 14880 14874 99,959 14400 14351 99,669 14880 14593 98,089
SM h103 14880 14865 99,909 14480 14480 100,009 14400 14399 99,999 14880 14873 99,959 14400 14351 99,669 14880 14620 98,259
SM h26 31 31| 100,009 31 31| 100,009 30 30/ 100,009 31 31| 100,009 30) 30/ 100,009 31 31 100,009
SP h103 31 31} 100,009 31 31} 100,009 30, 30] 100,009 31 31| 100,009 30 30] 100,009 31 31| 100,009
SP h1l 31 31| 100,009 31 31| 100,009 30 30/ 100,009 31 31| 100,009 30) 30/ 100,009 31 31{ 100,009
SP h12 31 31} 100,009 31 31 100,009 30, 30] 100,009 31 31| 100,009 30 30] 100,009 31 31| 100,009
SP h13 31 31| 100,009 31 31| 100,009 30 30] 100,009 31 31| 100,009 30) 30/ 100,009 31 31{ 100,009
SP h34 31 31} 100,009 31 31 100,009 30, 30] 100,009 31 31| 100,009 30 30] 100,009 31 31| 100,009
SP h35 31 31| 100,009 31 31 100,009 29 29| 100,009 30) 30] 100,009 30) 30/ 100,009 31 31| 100,009

Tablel2 archiving integrity 2nd Semester 22
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3.3.2 FTP dissemination

The access to the restricted area of the web site and the accehls t6TP server are possible using

the same account. 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/downloadproducts.php. The new FSAF FTP server
ftp://ftphsaf.meteoam.itis accessible to authorized users for product download.

Starting from December 2022 a functionality for monitoring the HSAF users downloads from the
HSAF ftp serveftp://fiphsaf.meteocam.it) has been implemented.

Tablel3 and shovsthe total number offilesdownloaded for the whole 2023for each month

Number of files downloaded from the HSAF FTP during the 2023

Montl = Precipitation - Soil Moisture - Snow - TOT |~
JAN Ta503m 84925 581 254543
FEg INSE,11 60191 281 191090
MAR INSE429 91740 649 255633
APR INSTo09 89446 576 255890
MAY IENEE419 84283 621 236693
Jun (NA6sp 83631 669 262691
JuL BN 24917 69577 364 189757
Auc INSEs34 90602 430 254638
sep NASTs? 64329 284 214738
ocT NNNNAES19 87255 593 258159
Nov [NEE313 91079 858 262527
peEc B 21092 38791 278 120341

Tablel3 Product downloadsoperations

Tablel4 shows product downloaced by countryconsidering only the first 30 occurrencies
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Number of files downloaded from the hsaf FTP during the 2023 vs Countrie

Countries Precipitation Soil Moisture Snow TOT
GB [ ] 19195 404263 373 84766(
IT [ | 6223 277362 776 56591(
KR 0 146494 0 292988
cz - 116767 0 0 21978¢
DE NG 345 4382 391 206476
us ] 6520€; 13487 4190 13065z
ES [ ] 40460 11045 1 100268
AT 33 47642 0 95381
CH [ ] 37958 0 289 70383
CN | ] 23232 10762 1 65295
GR [ ] 32546 0 120 62221
FR || 15636 128 0 3155C
BG [ | 10110 3132 0 26496
RS 0 7199 0 1439¢
RO 0 5878 0 11767
SK | 1857 14 17 3785
BE | 1206 393 0 2102
HU 6 1140 0 2292
PT 2 984 0 1976
SE | 370 291 0 1324
RU 0 531 2 1067
NL 53 326 0 783
AU 0 260 0 520
TR 187 0 4 406
PL 213 11 0 448
(3% 202 3 0 414
AR 0 96 0 192
TH 0 6 0 27
= 0 0 20 40

Tablel4 Product downloads via FTP by country
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3.3.2.1  Dissemination ordemand (H SABata Centre)

On March 2015 the product dissemination-damand has been activated via a web application
YyIEYSR a4l {!C 51 G hitp3/hsar.m&Eeoamlit/GodScadiploduttSphptoall
registered users. This tool provides all basic functions to carry out orders on H SAF historica
archives. The orders placed are submitted for approval by the Central Services Staff, and processe
within three working days. Since August 2015, saesdrictions to the order requests have been
introduced to avoid an overload of FTP server and to optimize the data storage: the total amount of
data required by a single user cannot exceed 20 GB per day.

During2023, 639 orders have been processeuth an average 063 orders per month Figure3
illustrates the number of orders processed along the past yearsrf@ar on the count of SP products
has been fixed

Among the processed orden® order has been aborted.

Orders per product type
400

350 /
300

Product orders
]
o
o
E t
< =

2015 2016 2017 2018 2019 2020 2021 2022 2023

Years

Figure3: Number of orders per product type

Figured reportsthe number of orders peproduct n 2023.
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ORDERS PER PRODUCTS
(PERIOD 2023)
2
& - o
& m R

HO1 HO2 HO03 HO4 HO5 HO2B HO3B HOSB H15 H61B HE0B H64 H63 HO0 H68 HOB H14 H16 H26 H101 H102 H103 H104 H105 H10 H11 H12 H13 H34 H35

Figure4: Number obrders per product (year 3)2

Number of orders (updated: 31/12/2023)

| Country Geo Area 2023
Italy Europe
Slovakia Europe
Israel Middle-East
Greece Europe
China Asia
Spain Europe
Germany Europe
Turkey Europe
Romania Europe
Hungary Europe
Belgium Europe
Ukraine Europe 9
France Europe 7
Indonesia Asia 7
India Asia 6
United States America 6
United Kingdom Europe 6
Morocco Africa 4
Netherlands Europe 3
Austria Europe 3

Tablel5Number of orderiscountry(first 20 enrties)
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Number of orders (updated: 31/12/2023
2023

Europe 323

Asia

Africa

Middle-East

America

Oceania

Tablel6Numebr of ordersggeographical region

Tablel5 Number of orders; country (first 20 enrtiesshow asignificantnumber of orders placed
from lItaly, This is probably due to two main raisons:

1- The geographical areaakes Italy very sensitive to hidrologl aspects
2- A lot ofltalianinstitution are involved in theH SAF consortiurand the productand their
benifitsare verywell known by those institution that uséhem in many application

3.4 Anomalies and problems report

Main problems encounteredh the reporting periodat the generation chainer at central facilities
are here reportedTablel7 listsproblems thathavedetermined an unsuccessful product generation
andor a decay of the product qualitgerformances

Product / Chain / System / Service Period Description and Planned Solution

HO2 input data are METOPB, METOPC e NOAA19. In the 2023 the
METOPC input data have not been received or received delayed while
h02B whole period |NOAA19 input data provided on "best-effort" basis.

In some cases this caused missing or delayed production

Whole 2023 but|spacecraft/instrument anomalies, instrument calibration

h0o8 in particular |Metop-B data became unavailable and affected the SSM ASCAT-B NRT produ
May-July 2023 |generation

hi3 Jan 2023 According to timestamps two dates, 24th and 25th were few hours later than
nominal.Processing was stuck and restarted by operator.

June 2023 / July

2023 network / FTP issues.

h13 and h11

some problem in the PPS cloud masking that was implemented early Decemb

h35 January 2023 |did not cause any problem until there were too many files gathering exported |

PPS, which caused the issue of it failing. It was fixed right back then.

February, April |Problems occurred during the whole phase due to the implementation and
and July operativeness of integrity check protocol on the operative chains

h01,h02B and H18

h60 / h63 July 2023  |Missing or delayed input data cause outage or deleyed products
h35 November 2023| network / FTP issues.
h1ll December 2023| network / FTP issues.

Tablel7 Anomalies and problems refpor
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In the following table are reported all the anomalies related to user feedback and contacts:

Anomaly description Period Description
Delay in order processing February 2023 Due to darge amount of orders received
March 2023 and to thelimited storageavailableto be
Aucust 2023 managed the processing of some ordg
¢ has bendelayed
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4 HSAF BERS

4.1 Users community

The current total number of H SAF Users from different sources, either registered through the H SAF
Web Portal and downloading products (last 60 days) using the H SAF FTP or subscribed to th
EUMETCast service,aound 3314up to 3T December 202. The detail is reported in the table
below.

User Type Number of Users
H SAF Web / FTP 2590up to 31" December2023
EUMETCast 724 up to 1stJanuary2024

Tablel8 Number of H SAF Users

In the followingFigure5 the diagram of the H SAF Users increase (web, ftp and EUMETCast) is
depicted. It can be noted how the H SAF Users community has kept increasing on a constant anc
continuous basis.

It is noted that a check on the validity of web/ftp users is continuously performed and no more valid
users are removed from the users list.

3000
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1500
1000

500

1
99 NS «“?’ q“?’ > C\y > q\io c\’(o N c”b (J\/’\ a\(’b c"’g c"’\’ &q, c”%
& <§$ & &P
Figureb: Trend of increase in number of H 8#d¥s (web/ftp/EUMETCast data up to Decemi3gr 202

In the following graphic, instead, is reported the trend focused on EUMETCast users, in order to
show the increase of the trend during the reference period for this subset of users.



Doc. No: SAF/HSAF/OpRep/2023_S1_S2
H SAF 2023S1/S2 Date:22/05/2024
Page63/195
Eumetcast Users
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Figure6: Trend of increase in number of H SAF EUMETCast (dalanymtg202)

4.2 Help desk response
In the reporting period 57 requests have been submitted to help desk which required a response.

All responses have been provided, witlowing response time:

Number of requests73

Responsiveness (avg daysp22,
1 within 1 days43 57%
1 within 3 days18 24%
1 within 5 days9 12%
1 over5days 3 4%

Starting from the 2023 an automatic approach is applied for sorting the users' emails to the proper
recipient in order to speed up the answer proceEse most of the response to users requests have
been provide within 3 days. In few cases the response have been provided after 5 days. The PT wi
try to improve the help desk responsiveness



Doc. No: SAF/HSAF/OpRep/2023_S1_S2
EUMETSAT Operations Report Version:2.0
H SAF 202351/S2 Date:22/05/2024
Page64/195
4.3 Website

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

The new version of the website has been released on Jannuary 2021. During the 2021 and part o
the 2022 the actions opened during the previous OR10 have been implemented.

Some minor improvements have been implemented like for example the new presentation of the
cases studies in the home page banner. Some bug fixing activities have been also implemented.
Summary of the maiactivities on the website:

U Maintenance activities;

U Several pending issues has been resolved,;

U adding more people in the mailing list of help desk;

U introducing mailing list for each cluster

U Updating of thecase study page of website. It contains the list of case studies, each is shown
by title, a brief abstract and an image.
U Home page banner showing the news of the latest case studies.

Starting from September 2023 some improvements on the web site are under development. The
main goal of these newmplementation is to improve the user experience in navigatimough the
HSAF web site pages and to better present and select the hsaf products.

In particular it will be possible to search the hsaf products based on filters available to the users
(Figure?).

H SAF Products Download Centre

¢ =~

H SAF products fnap

Figure7 Draft of the page for products search
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Moreover, it will be possible for the users to download to access to the last 60 days of products
directly from the websiteKigure)

JUT PRODUCTS >  NEWS &MEDIA~ SUPPORT~

Back to products map

Figure8 Draft of the page for the products download
Anotherfeature in development on the web site is a page dedicate to the notification NRT to the
users about missing/problem in the products generation identified by the Integrity Check.

The web page will allow the users to filter among the H SAF products and to select a period for
identifying the issues affecting the generation of a specific product.

B O | [ reeoecnomymontor x |

- o
€« C () https://hsaf2-new.metecam.it/monitor/user_notification service.php o o= @ ®

User notification service

20/05/26 07:30 UTC
Product (W1 v,
From[01/0524 | To[ 2005724
Found 14 files

File Nominal time Error code
2024-05-18 230000

hi01_20240518_2300_DMSP17_80506 _rom.nc
hi01_20240518_1324_DMSP17_80501_rom.nc
ho1_20240516_2223_DMSP16_6188._rom.nc

ho1_20240516_2034 _DMSP17_80477 _rom.nc

2024-05-18 13:26:00
2024-05-16 22:2300
2024-05-16 20:36:00
2024-05-15 23:4100
2024-05-15 20:4800
2024-05-13 04:13.00
2024-05-10 22:0300
2024-05-07 23:50:00
2024-05-07 12:34:00

ho1_20240515_2341_DMSP17_80464_rom.nc
ho1_20240515_2048_DMSP17_80463_romnc
ho1_20240513_0419_DMSP18_75143_romnc
ho1_20240510_2203_DMSP17_50393_
po01_20240507_2350_DMSP16_6061_rom.nc
ho1_20240507_1234_DMSP17_30345_

reshol
01_20240507_0005_DMSP17_30337_romunc 2024-05-07 00:05:00 under threshald
01_20240505_0027_DMSP16_6019_rom.nc 2024-05-05 00:27:00 under threshold
01_20240506_0039_DMSP16_5005_rom.nc 2024-05-04 00:33:00 under threshold
01_20240501_2332_DMSP17_30266_rom.nc 2024-05-0123:32:00 under threshold

Tablel9i Draft web page dedicated to the User Notification service

The release of the new website version implementing these new features is foreseen @mBept
2024.
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5 INTEGRITY CHECK

Starting from January 2028e clusters carry oud reaktime quality checks on the products. This
allows to avoid the distribution of products of insufficient qualifyerformances In the event that

a product is rejected following the aforementioned cheeksl defined in the Integrity Monitoring
Protocol document[AD1] a ".nok" (i.e. not ok) fd with the same name is generated in its place
and used for:

1. Tracing the (missing) product within the operative chains;
2. Generate yearly performance statistics.

As further development to be performed during the CDOP4 phase, the integrity check outcomes
collected in a dedicated Database will be use to provide an NRT user notification éseeitable
19) of the H SAF products generation, available through a webpage on the H SAF website.

Forthe wholeperiod 2296.nok files were generated, as per the followihgble20.

2023 - nok files per month
01 02 03 04 05 06 07 08 09 10 11 12
PR ho1 h01 52 46 47, 28| 13 7 17 23 21 16 28] 26|
PR h02B h02B 0| 0| 2 0 0 0| 1 3| 2| 1 0| 2
PR h02i h02i 49 45 29 35| 28] 28] 48] 46) 54 32 42 40
PR h17 h17 1 0 0 0 1 0| 0| 1 0 0 0| 2
PR h17i h17i 7| 2| 1 3 0 1 0| 0| 1 0 4 3
PR h18 h18 3| 0| 1 26| 2 2 0| 0 2| 0 6 7
PR h18i h18i 65 50 49 29 28] 35) 35) 43 31 37 53] 76|
PR h20 h20 0| 0 0 0 4 2 4 13 11 23| 28] 47|
PR h60 h60 8| 4 11 6 8 15 230 9 5 5| 4 7
PR h61 h61 0| 0| 1 0 0 4 85) 0| 0 0 0| 0|
PR h63 h63 11 4 7 5 5 8| 108 47, 3 77 7 4
PR h67 h67 0 1] 0 0 0 0 0 0 0 0 0 0
PR h68 h68 0| 9 1 0 0 0| 0| 1 1 3 1 0|
PR h90 h90 0] 0] 0] 0] 0 2 17 0] 0] 3 0 14
2023 - nok files per month
01 02 03 04 05 06 07 08 09 10 11 12
SM ICh14 h14 2| 0 0 0 0 0| 0| 0 0 0 0| 0|
SM ICh26 h26 0 0 0 0 0 0| 0 0 0 0 0| 0
SM ICh26 ho8 0] 0] 0] 0 0 0] 0] 0] 0] 0 0] 0]
2023 - nok files per month
01 02 03 04 05 06 07 08 09 10 11 12
SP h10 h10 0| 0 0 0 0 0| 0| 0| 0 0 0| 0|
SP h11 h11 0 0 0 0 0 0| 0| 0| 0 0 0| 0|
SP h12 h12 0 0 0 0 0 0| 0| 0 0 0 0| 0]
SP h13 h13 0| 0 1 0 0 0| 0| 0| 0 0 0| 0|
SP h34 h34 0| 0| 0 0 0 0| 0| 0| 0 0 0| 0|
SP h35 h35 2] 0] 0] 0] 0 0] 0] 0] 0] 0 0] 0]

Table2Q Nok files
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5.1 Integrity Check Fault Analysis

The following table showvall the nok files, reporting also the reasons stopping the products as
described by[AD1] and to cross check the IC analisys with the engineering statisttesms of
files distributed

S S
~ [
(]
£ - | S 5
= £ |52 |08
] CT) g‘ (o] W O
= o = ™ =
o o o © - 'S
— ] eI < @
() — wn 5 o
2 g 20 | =2
S o ET = S
PR ho1 324 0 0 0
PR h02B 11 0 0 0
PR h02i 476 0 0 0
PR h17 5 0 0 0
PR h17i 22 0 0 0
PR h18 49 0 0 0
PR h18i 531 0 0 0
PR h20 132 0 0 0
PR h60 0 0 104 208
PR h61 8 1 0 81
PR h63 0 0 202 85
PR h67 1 0 0 0
PR h68 16 0 0 0
PR h90 6 0 0 30

Table21i Precipitation nok files sorted by check failure type
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Table23Soil Moisture nok files sorted by check failure type

It has to be noted thathe dDisseminatiorFailed failure type reported for the Soil moisture and

Snow products refex to thedinternal disseminatioai.e. the upload of thgroducts generated by
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the respective clusters on the Central Facility placedtafian Air Force. Since the Precipitation
products generatiorthains ardocated tayether with the HSAF éntral facilities this failure type is
not reported for theprecipitation products.

FinallyTable24 and Table25 show the comparison between the not generated product statistics
(shown inTable5 Table6) and the nok files generatda the integrity check.

FIRST SEMESTER 2023
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Table24Comparison between

the Generation statistics and the sdKlfilsemester 2023
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Table25 Comparisotbetween the Generation statistics and the nok s semester 2023

Conclusion:

1. HO8operative chain did not generated any nok files during the whole 2023 although the
engineering statistics report several missing files. Stated thah@aepth analysis is still on
going on this aspect, asention inTablel7: Anomalies and problems refgrit has to be
noted that h0O8 has been affected by some anomalies imputable to satellite/instrument
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anomalies during the whole 2023and this aspect is not captwleby the current
implementation of the IC protocol.
2. Some other discrepancies (red celi&tween the engineering statistics and the nokdile
generatedcan be noted also for other products particular:
Precipitation products:

NOT GENERATE

Nok files | Difference

1144

1124 20

Snow products:

NOT GENERATE

Nok files | Difference

7

5 2

In some cases the problem was due to FTP connection issue (68% cadashbutananlisys
are on going on this aspect in order to improve the IC protocol.
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6 PRODUCTS QUALITY ASSESSMENT

6.1 Detailed OR review process

In accordance with what described in the H SAF Project &ldnsummarized inrablel, the
Operational Reviews will be organizedf@low:

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

1 Every two years (i.e. OR11, OR13 and OR15) the Quality Assessment and Hydrovalidation
reports, applied to the target products.

It is noted that the Target Product Lr&iported inTablel is a dynamic listwhich depends on the
following aspects:

1 the specific life cycle associated to each product;

1 the availability of new operational products originated by CEIQfevelopment activities;

1 the various evolution paths foreseen for the product families, whichsee the
replacement of operational products with their successors.

On this basis the target product list will be periodically updated and will be presented in advance
with respect to each OR.

In the following sections the target products lists at the starting of CBQ® be presented at this
Operatinal Review ORB) are detailed.

6.1.1 Target Products: Precipitation
Quality Assessmen{Referent: Marco Petracca)
- H60B(P-IN-SEVIRPMW)in operational status;
- H61B(P-AGSEVIRPMW)in pre-operational status;

-  H64(P-AGSM2RAINN operational status;
- H68(P-IN-PMW)in operational status.

Product ID Validation period Validation Method Data used for
validation
H60B 01/06/2022¢ 31/05/2023 Comparison with DPR 2A-DPRFS

H61B 01/06/2022¢ 31/05/2023 Triple Collocation GPCC + GLDAS




Doc. No: SAF/HSAF/OpRep/2023_S1_S2
H SAF 2023S1/S2 Date:22/05/2024
Page72/195
Product ID Validation period Validation Method Data used for
validation
H64 01/06/2022¢ 31/05/2023 Triple Collocation GPCC + GLDAS
H68 01/06/2022¢ 31/05/2023 Comparison with DPR 2A-DPRFS

6.1.2 Target Products: Soil Moisture

Quality AssessmentReferentsiuca Brocca&Simone Gabellani, David Fairbai@#astian Hahip

H26 operationalMetop ASCAT Near Real Time Root Zone Soil Moisture Profile Index

10 km sampling: RZSASCANRTF10km
H16 operationalMetop-B ASCAT NRT SSM orbit geometry 12.8ampling
H142 Scatterometer Root Zone Soil Moisture Climate Data Record 10km resolution

H120:Metop ASCAT Surface Soil Moisture Climate Data Record v7 Extension 12.5 km

sampling
Product ID Validation period Validation Method Data to use for
validation
H26 01/06/2021 ¢ 31/05/2023 | Triple Collocation ground | GLDAS+ESA CCI pass
measurementsand model | ISMN SCHEE model

H16 01/06/2021 ¢ 31/05/2023 | Triple Collocation GLDAS+ESA CCI pass
H142 01/06/2021 ¢ 31/12/2021 | Groundmeasurements ISMN

H120 01/06/2021 ¢ 31/12/2022 | Triple Collocation GLDAS+ESA CCI pass

6.1.3 Target Products: Snow

Quality AssessmeniReferent: Alexander Toniazzo)
H34SED-SEVIRISnow Detection by VIS/IR radioméeytendsH10in the MSG full

diskarea

H35ESEH (Effective snow cover by VIS/IR of AVHFSRbroduct that extends H12
over the northernhemisphere
H13SNOB$4 (Snow water equivalent by MW radiomeltig H SAF are@ihe northern
hemispeheic extension H65 was ngtet operational in 202123)
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Product ID Validation period Validation Method Data to use for validation
H34 Winter seasor2021-23 | FAR and POD Grund stations in H SAF areat
Satellite (Sentinel 2) oveother
areas in Eastern Europe/Asia
H35 Winter seasors 2021-23 | RMSE in % Satellite data (Sentinel 2)
H13 Winter season2021-23 | RMSE in mm (SWE) Ground stations withSnow Depth
and SWE sensors

6.2 General Aspects

This section provides the assessment of the products in terms of prpauftirmances against the
Service Specification product quality requirements. Statistics are herers{iext, tables figures
and diagrams) along ¥rdonths period for precipitation, soil moisture and snow producté/ithin
0KAA LISNA2R GKS aayz2¢ aSlhazyé¢ Aa O2yaARSNBR
1stof Octoberg 315t of May.Further detailed results of the Quality Assessment are reportéahimex
chapters.

Statistics are obtained from the outcomes of the H SAF continuous validation service. The Product
Validation Group (PVG) is composed of experts from the National Meteorological and Hydrological
Institutes of Austria, Belgium, Bulgaria, Finland, Francan@ay, Hungary, Italy, Poland, Slovakia,
and Turkey, under 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, S&¥AL-:0020, SS/AL-0030.

6.3 Precipitation Products Quality Assessment

vdzt ft AGe |aaSaaySyid NBadzZ da 206GFAYSR F2NJ 2 LIS
LINE RdzOG &¢ | NB KSNB adzYYlI NAT SR® ¢ KSN-SEARRPMW | v |
(H60B), AGSEVIRPMW (H61B),AGSM2RAIN (H64) andIR-PMW (H68) The objective of this
report is to determine and quantify both the limits and the potentiality of the products in order to
assess the overall quality and confirm the availability to end users.

All information about the analysis, validation, and quality assessment methodology are contained
in Annex 1¢ GAnnex to the precipitation quality assessmé&n®

For any errors, oversights, or requests for updates or changes, please contact us via H SAF proje
website:http://h -saf.eumetsat.int
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6.3.1 Quality assessment for productiN-SEVIRPMW (H60B)
6.3.1.1 Overview

Product ID (Acronym) | H60B (AN-SEVIRPMW)

Product name Precipitation rate at ground by GEO/IR supported by LEO/MW
Algorithm version Latest version: 3.0

number Version considered for Q.A.: 3.0

Covered period 01/06/2022¢ 31/05/2023

Q.A. method applied DPR comparisof2A DPR FS, VO7A)

Continuous statistic§ ME, SD, MAE, MB, RMSE, FSE

Multi-categorical POD, FAR, CSI
statistics

The quality assessment ofiR-SEVIRPMW product in relation with reference data (DPR estimates)
over the FD area is here illustrated. For this methodology, continuous and-catétjorical
statistics referred to the period as indicated in the overviableare shown

6.3.1.2 Comparison over FD area

The quality assessment procedure over FD area has been developed by the PPVG and conducted |
Italian ISAGCNR. DPRS product represents the reference for instantaneous precipitation rate over
the FD coverage. Values obtained by the FSE score definectieaay of the H SAF product.
Monthly accuracy and muttategorical statistics are here shown.

6.3.1.2.1 User requirement compliance

' ASNJ NBldANBYSyGa T2NJ NEFSNByOS t wTabke26rwhieY k K
on the right side the accuracy obtained by théNPSEVIRPMW product in comparison with DPR

FS data is summarizeResults are all between the target atite threshold requirement, with
better results over sea and coast areas. The overall average result is equal to 164%.

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

FSE average (%)
vs DPR

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

thresh | target | optimal

X M Y Y200 150 100 177 159 153 164

Table26 PR and compliance analysisPdNSEVIRPMW product over FD area.

6.3.1.2.2 Monthly accuracy

The monthly accuracy obtained for productNeSEVIRPMW in comparison with DPIRS estimates

is shown inFigure9 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 areas represent the 11% of the full dataset: these data aredpsssentative 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 represent the most part of dataset with 59%
while land areas represenhé remaining 30% of data.

As it can be observed, the results are quite monthly-naiform. There is not a real seasonal trend,
with better results in the central part of the period and worse results in Apay. Results over land
range between 150% and 230%, with a mean valueaktju 177%. Results over sea are slightly
better respect to land ones, close to the target requirement. The results over the full disk area
confirms the accuracy detected over sea, with an average value equal to 164% slightly above the
target requirement.
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Figure9: PINSEVIRPMW monthly accuracy evaluated respect teHSRiRer MSG full disk coverage
for Land (a) and Sea (b) areas. The results over Full Disk area are shown in the panel ¢). Background colours highligt
User Requirements in terms of FSE score. The horizontal black dotted line indicates the mean value. The compositior
the FD rests in terms of different surface types (sea, land and coast) is shown in panel d.

More continuous statistical scores are shoimmAnnexA.1Q

6.3.1.2.3 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
FS product) precipitation classes. The first class deteetsioNI Ay Of | aa& 6 n XKt wr |
aSO02yR Ofladaa RSGSOGa GKS fAIKAEG NIAY O0ndHpP Xt v
NI G§Sa OomMXtwrmn YYKKOIZ gKAES (GKS flad 2yS Of
The detection of ngain areas for product#N-SEVIRPMW in comparison with DPIRS estimates
reaches the 97% of cases. Light rain rates are often underestimated, mainly over sea and along
coastlines. Stratiform rain rates are detected in 30%-38%) of total cases and their
underestimation is particularly pronounced and along coastlines aver Sea areasFinally,
convective areas are detected in 25% -Q1P6) of total cases, with better values over land.
Generally, for all precipitation rates above 0n2%/h the RIN-SEVIRPMW performance is worse

along coastlines and over sea, and better over land areas.

Land | Sea | Coast - Full Disk
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Multi-Categorical Statistics

ZWD'SFE\QS"PMW [0 - 0.25[ mm/h [0.25 - 1[ mm/h [1 - 10[ mm/h 610 mm/
[0-0.25[ mm/h 97% |97% [97% | 69% |81% |85% [41% [52% | 70% | 14% [ 16% [ 56%
[0.25 - 1] mm/h 2% |2% |2% [13% |10% |8% |15% [16% [12% (8% [10% |[7%
[1 - 10 mm/h 1% |1% |1% [17%|9% |7% |38% |29% |17% |48% |50% |26%
010 mm/ h 0% [0% (0% (1% (0% |0% (6% (3% (1% [31% (24% (11%

Table27 Multicategorical table for produci®SEVIRPMW over land, sea and coast MSG full disk areas.
The precipitation classes along the columns (rows) are relative B DRR-SEVIRPMW) precipitation

Overall - Full Disk

Multi-Categorical Statistics

S;IND_SEX:I?_PMW [0 - 0.25[ mm/h [0.25 - 1[ mm/h [1-10[ mm/h 610 mm/
[0 - 0.25[ mm/h 97% 79% 51% 18%
[0.25 - 1[ mm/h 2% 10% 16% 9%
[1 - 10[ mm/h 1% 11% 30% 48%
010 mm/ h 0% 1% 3% 25%

Table28 Multicategorical table for produci®SEVIRPMW over the MSG full disk area.
The precipitation classes along the columns (rows) are relative B DRR-SEVIRPMW) precipitation
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6.3.2 Quality assessment for productRGSEVIRPMW (H61B)
6.3.2.1 Overview

Product ID (Acronym) | H61B (PAGSEVIRPMW)

Product name Accumulated precipitation at ground by blended MW and IR
Algorithm version Latest version: 3.0

number Version considered for Q.A.: 3.0

Covered period 01/06/2022¢ 31/05/2023

Q.A. method applied Triple Collocation (TC)

P-AGSEVIRPMW 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 the TC methodology. For more details about the melbgygland datasets used for

this analysis, please refer tGlobal Precipitation Reference Dasaction. Results in form of
continuous and multcategorical statistics for the full period as indicated in the overview table are
here shown.

6.3.2.2 Comparison over FD area

The validation procedure over FD area has been conducted by the Italian ISAC CNR institute. T
methodology is applied betweenRCSEVIRPMW, GPCC and GLDAS datasets ovdulirstomain

of the H SAF product. The accuracy of the satellite product is evaluated for different geographical
areas and on monthly basis.

6.3.2.2.1 Product Requirement compliance

Product requirements and compliance analysis for H SAF product are reportédbdm29. CC
results are computed over land and along coastlines being a comparison with gauges. The full disl
area is composed by 60% of sea, 36% land and 4% coasts. Overall results are hence processed o
land and coasts that represent the 40% of total coverdgeal PR results are between target (0.65)
and optimal (0.80) requirements with an overall value equal to 0.73.

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

Annual average of CC
by TC
Product Requirement (CC)
Precipitation Class OVERALL
thresh target optimal
¥ n YY R 050 0.65 0.80 0.73

Table22 PR and compliance analysis fax®SEVIRPMW (24h) product over FD area by TC methodology.
6.3.2.2.2 Monthly accuracy

The PR score used in the TC methodology is the CC. The monthly trend obtained for the triplet o
datasets used is shown in tliggurel0. The blue bars indicate the results for the H SAF satellite
product (RAGSEVIRPMW, while the colored background highlights the areas where thresholds
are set for the chosen PR.

Focusing on the results from SEMiR$ed product, the values range from 0.62 for the worst month
(February 2023) to 0.73 for the best months (September 2022). The average value computed on
annual basis is 0.73, which is between target and optimal requrgsn

1CC 06/2022-05/2023 Triple-Collocation
I P-AC-SEVIRI-PMW |

0.8 |

0.6 |

CC

0.4 .

J] J AS OND J FMAM
Month

FigurelQ Monthly results (June 202y 2023) in terms of CC (RR)e obtained by the /ACSEVIRPMW (24h)
product (blue bars) using the TC methodology.
Background colours highlight the requirement thresholds
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For more maps and results please reti@AnnexA.10

6.3.2.2.3 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 (GLDAS and GPCC for the first tiestaespectively). The first class
detects the very low accumulated rain class with PC<1 mm/24h, the second class identifies the
I OOdzydzft SR NI AYy 0S06SSYy wmXt/fmMn YYKHNKIZ gKA
NI Aya ot/ xmn YYKHRNKO®

Comparing the first two tables in whichkAGSEVIRPMW estimates are classified respect to GLDAS
and GPCC ones respectively, it is possible to note higher agreement with GLDAS respect to GP(
estimates, particularly for medium and higher precipitationssta40% and 69% vs 30% and 44%,
respectively. Generally, the classification is more confident for very low accumulates (80%) and for
highest accumulates (449%). The identification of intermediate accumulates is not fully
satisfactory (340%): PAGSEVIRPMW product tends to underestimate this precipitation class
respect to both reference datasets.

Overall

Multi-Categorical Statistics

P-AC-SEVIRI-PMW vs
<1 mm/24h [1-10[ mm/24h XMA YYKHDIN
GLDAS
<1 mm/24h 80% 41% 7%
[1-10[ mm/24h 14% 40% 24%
X Mmmm/24h 6% 19% 69%

Table3Q Multicategorical table for product¥&-SEVIRPMW versus GLDAS over P@verall FD validation. The
precipitation classes along the columns (rows) are relative to GLDASi¢Spifgtion.

Overall

Multi-Categorical Statistics

P-AC-SEVIRI-PMW vs
<1 mm/24h [1-10[ mm/24h XMNn YYKHRN
GPCC
<1 mm/24h 80% 52% 22%
[1-10[ mm/24h 14% 30% 34%
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XMn YYKHMDK | 6% 18% 44%

Table31 Multicategorical table for produc¥&-SEVIRPMW versus GPCC over P@Overall FD validation. The
precipitation classes along the columns (rows) 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 alon
each column represented by GPCC for the first columns and Gob¥A8 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 agreement for the intermediate accumulated class range
between 36% and 46%, while for higher accumulates rangsd®t 30 and 36% with respect GPCC
and GLDAS, respectively.

Overall

Multi-Categorical Statistics

GLDAS vs GPCC

<1 mm/24h [1-10[ mm/24h XMn YYKHRIN
and vice versa
<1 mm/24h 96% 93% 54% 41% 30% 19%
[1-10[ mm/24h 4% 6% 36% 46% 40% 45%
XMNn YYKHRMIK 0% 1% 10% 13% 30% 36%

Table32 Multicategorical table for GLDAS versus GPCC (and vice versa) over 24h Overall FD validation. The precipita
classes in the first columns are relative to GLDAS dataset; in the second colustatsvar® GPCC dataset.

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

It is important to note that the best agreement for higher precipitation accumulates is reached for
P-AGSEVIRPMW estimates in comparison with GLDAS ones (50%).
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6.3.3 Quality assessment for productRGSM2RAIN (H64)
6.3.3.1  Overview
Product ID (Acronym) | H64 (PAGSM2RAIN)

Product name Precipitation/Soil Moisture integrated product
Algorithm version Latest version: 1.0
number Version considered for Q.A.: 1.0
Covered period 01/06/2022¢ 31/05/2023

Q.A. method applied Triple Collocation (TC)

P-AGSM2RAIN product estimates the accumulated precipitation at ground using a botiom
approach. It has been validated over the FD area in comparison with daily precipitation data
obtained from GPCC and GLDAS datasets using the TC methodology. Foetaitseadout the
methodology and datasets used for this analysis, please refétdbal Precipitation Reference Data
section. Results in form of continuous and muahkitegorical statistics for the full period as indicated

in the overview table are here stwn.

6.3.3.2 Comparison over FD area

The validation procedure over FD area has been conducted by the Italian ISAC CNR institute. T
methodology is applied between®CSM2RAIN, GPCC and GLDAS datasets over the full domain of
the H SAF product. The accuracy of the satellite product is evdlf@tdifferent geographical areas

and on monthly basis.

6.3.3.2.1 Product Requirement compliance

Product requirements and compliance analysis for H SAF product are reportédbdm29. CC
results are computed over land and along coastlines being a comparison also with gauges. Final P
results is very close to the target (0.65) requirement with an overall value equal to 0.62.

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

P-AGSM2RAIN

Annual average of CC
by TC
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Product Requirement (CC)
Precipitation Class OVERALL
thresh target optimal
X n o dafly 0.50 0.65 0.80 0.62

Table33: PR and compliance analysis forACSM2RAIN (24h) product over FD area by TC methodology.

6.3.3.2.2 Monthly accuracy

The PR score used in the TC methodology is the CC. The monthly trend obtained for the H SA
product is shown in th&igurel0. The blue bars indicate the monthly results obtained by thed>
SM2RAIN product while the colored background highlights the areas where thresholds are set for
the chosen PR.

Values range from 0.58 for the worst month (February 2023) to 0.62 for the best month (September
2022). The average value computed on annual basis is 0.62, which is between target and thresholc
requirements.

1CC 06/2022-05/2023 Triple-Collocation
I P-AC-SM2RAIN |

J) J AAS OND ) FMAM
Month

Figurell Monthly results (June 202y 2023) in terms of CC (PR) score obtained bAGEN2RAIN (24h) product
using the TC methodology.
Background colours highlight the requirement thresholds.

For more maps and results please refeAionexA.10
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6.3.3.2.3 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 (GLDAS and GPCC for the first tiestaespectively). The first class
detects the very low accumulated rain class with PC<1 mm/24h, the second class identifies the
I OOdzydzt F SR NI AY
YYKHNn KO ®
Comparing the first two tables in whichRAGSM2RAIN estimates are classified respect to GLDAS
and GPCC ones respectively, it is possible to note higher agreement with GLDAS respect to GP(
estimates, particularly for medium and higher precipitation cl&3$% and 36% vs 45% and 28%,
respectively. Generally, the classification is more confident for very low accumulat8g4¥83and

for intermediate accumulates (453%). The agreement for highest accumulates is lowef328),
highlighting the tendency of-RGSM2RAIN to underestimate mainly the higher precipitation class.

NI Aya ot/ xmn

Generally, the agreement is better in comparison with GLDAS product.

0SG6SSyYy

Mt / £ MmN

YYKHN KX gKA

Overall

Multi-Categorical Statistics

P-AC-SM2RAIN Vs
GLDAS

< 1 mm/24h

[1-10[ mm/24h

XMAN YYKHDIN

< 1 mm/24h

83%

38%

11%

[1-10[ mm/24h

12%

53%

53%

XM YYKHMDK

5%

9%

36%

Table34 Multicategorical table for product¥&-SM2RAIN versus GLDAS overiZakerall FD validation. The
precipitation classes along the columns (rows) are relaBleXAS (H SAF) precipitation.

Overall

Multi-Categorical Statistics

P-AC-SM2RAIN Vs

<1 mm/24h [1-210[ mm/24h XMn YYKHRN
GPCC
<1 mm/24h 84% 46% 19%
[1-120[ mm/24h 12% 45% 53%
XM YYKHMDK 4% 9% 28%




Doc. No: SAF/HSAF/OpRep/2023_S1_S2
EUMETSAT Operations Report Version:2.0
H SAF 2023S1/Ss2 Date;22/05/2024
Page85/195

Table35 Multicategorical table for product¥&-SM2RAIN versus GPCC overi2@kerall FD validation. The
precipitation classes along the columns (rows) 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 alon
each column represented by GPCC for the first columns and GabD¥A8 second columns in each
class, respectively.

The agreement between GPCC and GLDAS is very good for lower precipitation ¢3a86)(9st it
decreases by increasing the precipitation accumulates. In fact, the agreement for the intermediate
accumulated class range between 37% and 46%, while for hagmamulates range between 30
and 35%.

Overall

Multi-Categorical Statistics

GLDAS vs GPCC

<1 mm/24h [1-210[ mm/24h XMn YYKHRIN
and vice versa
< 1 mm/24h 97% 94% 53% 41% 30% 19%
[1-10[ mm/24h 3% 6% 37% 46% 40% 46%
XMNn YYKHRMIK 0% 0% 0% 13% 30% 35%

Table36 Multicategorical table for GLDAS versus GPCC (and vice versa) over 24h Overall FD validation. The precipita
classes in the first columns are relative to GLDAS dataset; in the second columns are relative to GPCC dataset.
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6.3.4 Quality assessment for productRN-PMW (H68)
6.3.4.1 Overview

Product ID (Acronym) | H68 (FIN-PMW)

Product name Gridded MW instantaneous precipitation rate based
intercalibrated PMW instantaneous precipitation rate estimate

Algorithm version Latest version: 1.0
number Version considered for Q.A.: 1.0
Covered period 01/06/2022¢ 31/05/2023

Q.A. method applied DPR comparison (2A DPR FS, VO7A)

Continuous statistic§ ME, SD, MAE, MB, RMSE, FSE

Multi-categorical POD, FAR, CSI
statistics

P-IN-PMW product is obtained from the precipitation rate estimates of the PMW operational
products. The validation is performed in comparison with DPR estimates and results are illustrated
below. Continuous and multategorical statistics, referred to thperiod as indicated in the
overview table, are shown.

6.3.4.2  User requirement compliance

InTable37G KS dzaASNJ NBIljdZANBYSy (i OGKNBaK2tRa F2NJ tw
accuracy obtained for-mN-PMW product in the validation period with DPR data is summarized.
Results show all values below the target requirement (150%): values obtaimethparison with

DPR are between optimal and target requirement over sea, coast and land areas, with an overall
result equal to 135%.

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

P-IN-PMW Annual average of FSE (%)

Requirement (FSE %)
Precipitation Clas Land Sea Coast Overall

thresh | target | optimal

X MYYk | 200 150 100 134 136 136 135

Table37 PR and compliance analysis faNIPMW product.
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6.3.4.3

The monthly accuracy obtained for produciNtPMW in comparison with DPIRS estimates is
shown inFigurel2 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 areas represent the 2% of the full dataset: these data are épsssentative 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 represent the most part of dataset with 81%
while land areas represent ¢h17% of data.

Monthly accuracy

As it can be seen by the plot, the results are quite uniform without a significant seasonal trend.
Results over sea are better and mainly more stable respect to land ones, with all values very close
to the target requirement (150%). The results over thi disk area confirms the average accuracy
(135%).

P-lN-PMW&IS DPR 2022/06 - %023/05
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Figurel2 PINPMW monthly accuracy evaluated respect teHSRRer 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 L

Requirements in termsSE score. The horizontal black dotted line indicates the mean value. The composition of the F
results in terms of different surface types (sea, land and coast) is shown in panel d.
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6.4  Soil MoistureProductsQuality Assessment

The following products are validated in OR13, with the specification of the validation methods:

1. H26: Metop ASCAT Near Real Time Root Zone Soil Moisture Profile Index 10 km sampling:
RZSMASCATNRTF10km

2. H16: MetopB ASCAT NRT SSM orbit geometry 12.5 km sampling

3. H142:Scatterometer Root Zone Soil Moisture Climate Data Record 10km resolution

4. H120:Metop ASCAT Surface Soil Moisture Climate Data Record v7 Extension 12.5 km
sampling

Product Validation Validation
ID period method(s)

Data for validation

9 Insitu

: 1 International Soil Moisture Network and
H26 21/06/2021 T rl-‘:);ddrglloglcal local network in Efulgaria}
31/05/2023 | Triple 1 SCHEME model in Belgium
. 1 GLDAS+ESA CCI passive for triple colloc
collocation
01/06/2021 ,
H16 S 1 I;'If’;iaﬁon 1 GLDAS+ESA CCI passive
31/12/2022

01/06/2021

H142 B8 1 Insitu 1 International Soil Moisture Network
31/12/2021
01/06/2021 |

o R
31/12/2022

6.4.1 Quality assessment for produdRZSMASCATNRT10 (H26)

Product ID (Acronym) | H26 (RZSMSCANRT10)

Product name Metop ASCAT Near Real Time Root Zone Soil Moisture Profilg
10 km sampling: RZSAMSCANRT10km

Algorithm version Latest version: 1.0
number

Version considered for Q.A.: | 1.0

Covered period 01/06/2021¢ 31/05/2023

Q.A. methods applied | In situ R




Doc. No: SAF/HSAF/OpRep/2023_S1_S2
H SAF 202351/S2 Date:22/05/2024
Page89/195

Hydrological model

Triple collocation

Contributing countries UK, BE, BG, IT

The assessment of H26 Metop ASCAT R®GYE Zone Soil Moisture Profile Index 10km resolution
has been carried out by comparison with (1) in situ observations in US and in Europe, (2) hydrologica
modelling in Belgium, and (3) triple collocation analysis.

The details for (1) and (2) anme the Product validation document published in the dedicated page

of the H SAF websitettps://hsaf.meteoam.it/Products/Detail?prod=26; here a summary of the
main results is reported.
6.4.1.1 In situ comparison

Pearson R in US

==+
/ e T

4 SNOTEL Pearson R in Germany
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0.0 0.2 0.4 0.6 0.8 10
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Figurel3Locations of the stations of the US+{&df), German (tafight), French (bottomleft), and Spanish (betitpint)
networks used in the validation. Also shown is the correlation coefficient averaged over the period for each station.

O(a) Pearson R USCRN vs. SM-DAS-2 (Surface) I(Db) Pearson R USCRN vs. SM-DAS-2 (Rootzone)
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Figurel4Box plots of correlation and anomaly correlation coefficients between in situ observations and H26 for Marct
2021 to May 2023. The surface SM scores are on the left anezthreer8M scores are on the right.
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6.4.1.2  Hydrological modetomparison

(a) Saturation percentage of H26 first soil layer (red) and of the SCHEME
upper layer (blue) for the Demer
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(b) Saturation percentage of H26 first three layers (weighted average in green)
and the SCHEME lower layer (blue)
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Figurel5Time series of H26 vs SCHEME for (a) upper and (b) lower layers.

6.4.1.3  Global Triple Collocation
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Figurel6 Summary of validation results of H26 for the analysis period by using triple collocation analysis (H26, ESA C(
passive, GLDAS model). The map shows the spatial distribution of thie Sigisal Ratio (SNR), and the box plot on the
right shows the percentage of points above the threshold, target and optimal requirements.
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6.4.1.4 Conclusions

Firstly, the H26 product has been validated using the temporal correlation of the root zdnm)0
against sparse in situ measurements from the International Soil Moisture Network. The in situ
measurements from 6 networks belonging to the ISMN were enggpypamely SCAN, USCRN and
SNOTEL in the USA, SMOSMANIA in southwest France, REMEDHUS in Spain and TEREN
Germany. Averaged over the period, the correlation coefficient (Pearson R) meets the target H SAF
performance requirements (R>0.65) for the surfao®d rootzone SWI for all the networks. As
expected, the anomaly correlation coefficients (Ranom) demonstrate generally lower values than
the R on average since the autocorrelation from the annual soil moisture cycle is reflected in the R
but not in the Rnom.

Nevertheless, for the surface and reobne SWI, the Ranom meets the threshold requirement
(>0.50). The best performances are found in the SMOSMANIA and TERENO network (Rano
exceeding 0.65), which capture well the seasonal cycle of the in situ obses/alibe most
uncertainty (largest confidence intervals) is found over the SNOTEL network in the US, which is
affected by frozen conditions over many stations. Overall the validation results for H26 are highly
encouraging and demonstrate the benefits of ypsidifferent validation approaches to assess the
performance of a soil moisture data product.

Two case studies were presented. In one case, the soil moisture from H26 was indirectly validated
using the SCHEME hydrological model at RMIB, Belgium. The Soil moisture index from H26 we
compared with the SCHEME model soil moisture for the Demer catdi{th&rb km2) in the Scheldt
basin. The upper and lower layers of the scheme model soil moisture were well correlated with H26
(R>0.7). A second case study over Bulgaria (NIMH SOFIA) compared H26 soil moisture with 1
automatic in situ soil moisture statienin the Bulgarian agrmeteorological network. They
demonstrated a good level of performance overall, with a Pearson R above 0.65 for the bottom two
layers of H26.

Finally, the validation results with triple collocation indicate a good performance for global product,
except for parts of North America, Northern Europe and Asia and southern Australia. On a global
scale, a lower performance of the H26 can be found @aswith low soil moisture dynamics (e.qg.
deserts) or at higher latitudes. In the latter case, frozen soil and snow cover make it difficult to
retrieve reliable soil moisture information. Looking at the distribution of the results and comparing
them againsthe threshold/target/optimal requirement shows that more than 83% of the points
are exceeding the minimal threshold, and 30% of points are exceeding the optimal requirement thus
highlighting very good performance on a global sc@lely a small percentage of regiori§%) are

below the minimal threshold requirements.



Doc. No: SAF/HSAF/OpRep/2023_S1_S2
H SAF 202351/S2 Date:22/05/2024
Page93/195

6.4.2 Quality assessment for produ@SMASCATBIRTO12.5(H16)

Product ID (Acronym) | H16 (SSMASCATBIRTO12.5)

Product name Metop-B ASCAT NRT SSM orbit geometry 12.8akmpling
Algorithm version Latest version: 1.0

UHISES Version considered for Q.A.: | 1.0

Covered period 01/06/2021¢ 31/12/2022

Q.A. methods applied [ Triple collocation SNR

Contributing countries AT, IT

6.4.2.1  Global Triple Collocation
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Figurel7Summary of validation results of H16 for the analysis period by using triple collocation analysis (H16, ESA C(
passive, GLDAS model). The map shows the spatial distribution of the Signal to Noise Ratio (SNR), and the box plot o
right shows the peragage of points above the threshold, target and optimal requirements, on a global scale and over th

committed area.
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Pearson Correlation
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Figurel8Global map of Pearson correlation between H16 and GLDAS model in the analysis period.

6.4.2.2 Conclusions

The validation results of H16 with triple collocation indicate a good performance for the committed
product area, except for parts of North America, Eastern Europe and South America. On a globa
scale, a lower performance of the H16 soil moisture can lb@dan areas with low soil moisture
dynamics (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. Looking at the distribution of the results and
comparing tlem against the threshold/target/optimal requirement shows that more than 76% and
52% of the points are exceeding the minimal and target threshold, respectively. and quite 58% (SNR
and 48% (Pearson R) are above the target threshatd 38% of points are exceeding the optimal
requirement thus highlighting very good performance in the committed ar@aly a small
percentage of regions (22%) are below the minimal threshold requirements in the committed area
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6.4.3 Quality assessment for produ®@ZSMDREXT0 (H142

Product ID (Acronym) | H142 (RZSNDREXTO)

Product name Scatterometer Root Zone Soil Moisture Climate Data Record ]
resolution

Algorithm version| Latest version: 1.0

UHISES Version considered for Q.A.: | 1.0

Covered period 01/06/2021¢ 31/12/2021

Q.A. methods applied | In situ R

Contributing countries UK, IT

The assessment of 142 Scatterometer Root Zone Soil Moisture Climate Data Record 10km
resolutionhas been carried out by comparison with in situ observations in US and in Elitope.
details are provided in th@roduct validation document published in the dedicated page of the H
SAF websitattps://hsaf.meteoam.it/Products/Detail?prod=H142here a summary of the main
results is reported.
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6.4.3.1 In situ comparison

Pearson R in US
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Figurel9Locations of the stations of the US &), German (tafight), French (bottomleft), and Spanish (betitpint)
networks used in the validation. Also shown is the correlation coefficient averaged over the period for each station.
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Figure20Box plots of correlation and anomaly correlation coefficients between in situ observations and H142 for June
2021 to December 2021. The surface SM scores are on the left anddhe 8hMtscores are on the right.
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6.4.3.2 Conclusions

The H142 product has beealidated using the temporal correlatiai the root zone (1 m) against
sparse in situ measurements from the Internation&bil Moisture Network. The in situ
measurements from 6 networks belonging to the ISié&re employed, namely SCAN, USCRN and
SNOTEL in the USA, SMOSMANIA in southkrestce, REMEDHUS in Spain and TERENO in
Germany. Averaged over the period Jun®&gcember 2021, the correlation coefficient (Pearson R)
meets the target H SAF performan@guirements (R>0.65) for the surface and raohe SWI for

all the networks. As expectethe anomaly correlation coefficients (Ranom) demonstrate generally
lower values than the R cawverage since the autocorrelation from the annual soil moisture cycle is
reflected in the R but nah the Ranom. Nevertheless, for the surface and 1oamte SWI, the Ranom
meets the thresholdequirement (>0.50). The best performances are found in the SMOSMANIA
network (Ranomexceeding 0.65), with an example site capturing well the seasonal cycle and
precipitation eventsn the in situ observations. The most uncertainty (largest confidence intervals)
is found over theSNOTEL network in the US, which is affected by frozen conditions over many
stations. Overalkthe validation results for H142 data record extension meet the performance
requirements for theoriginal data record (H141).

6.4.4 Quality assessment for produGSMASCAIDR202IEXTTS12.64120

Product ID (Acronym) | H120 (SSMASCADR202IEXTTS12.5)

Product name Metop ASCAT Surface Soil Moisture Climate Data Reco
Extension 12.5 km sampling

Algorithm version| Latest version: 1.0

TS Version considered for Q.A.: | 1.0

Covered period 01/06/2021¢ 31/12/2022

Q.A. methods applied [ Triple collocation SNR

Contributing countries AT, IT
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Figure21Summary of validation results of H120 for the analysis period by using triple collocation analysis (H120, ESA (
passive, GLDAS model) in the areas with available data for all products. The map shows the spatial distribution of th
Signal to Noise RatfSNR), and the box plot on the right shows the percentage of points above the threshold, target an
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6.4.4.2 Conclusions

The validation resultsf H120with triple collocation indicate a good performance for the committed

product area, except fosmallparts of NorthwesternAmerica,and EasterrAustralia On a global

scale, a lower performance of the B{lsoil moisture can be found in areas with low soil moisture
dynamics (e.g. deserts).ooking at the distribution of the results and comparing them against the
three thresholds shows that more than 57% of the points are exceeding the threshold accuracy (0

dB), 38% target accuracy (3 dB), and 21.5% of points are exceeding the optimalya(@dB); thus
highlighting good performance of H120
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6.5 Snow Products Quality Assessment

6.5.1 Quality assessment foproduct SNOBS4 (H13)

Product ID (Acronym) | SNOB&4 (H13)

Product name Snow water equivalent by MW radiometry
Algorithm version Latest version: 1.0
number Version considered for Q.A.: | 1.0
Covered period 01/06/2021¢ 31/05/2023

Q.A. methodspplied Continuous statistics RMSE

Contributing countries FL, PL, TU, GE

In this Chapter the validation results of the-8IBS4 (in this report with internal H SAF identifier
H13)long statistics analysis for the period 1/06/20631/05/2023 are reported, thus the 2 snow
seasons (1.10.202131.05.2022 and 1.10.20221.05.2023) are considered.

Validation has been performed over Finland and Turkey, with additional details in the report, and in
Poland, Germany. Each Country/Validation Team contributes to long statistic validation by providing
the seasonal statistical scores. The results are shesparately for flat and mountainous areas (if
applicable) since the product requirements have different thresholds in the two areas. Where not
applicable (that is if no distinction is made) the stricter rules of the flat areas are considered.

To assess the degree of compliance of the product with product requiremé&iatsig38), the
contributing SPVG members provided the long statistic results, following the standard validation
methodology.

Table38 Product requirements for productSRS4

Area Threshold Target Optimal

flat (RMSE) 40 mm 20 mm 10 mm

mountain (RMSE) | 45 mm 25 mm 15 mm
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6.5.1.1 Validation in Finland

6.5.1.1.1 Description of validation data

EUMETSAT-8AF Snow Water Equivalent (SWE) product H13 on flat areas is based on assimilatiol
of groundbased Snow Depth (SD) observations and space borne radiometer (SSMI/S) derived SW
estimates. Since SD data are used as input to the algorithm it mbkaban independent data set
describing SWE is required.

In this validation effort Finnish Environment Institutes (SYKE) snow course measurements have bee
used. SYKE estimates SWE with both snow depth and snow weight measurements. These actior
are conducted on a course (typically length e4 m) and includig multiple types of land use.
Resulting SWE is average of these measurements and thus a good representative of a radiomete
resolution (~ 25 km) pixel. There are altogether 150 active snow coufSgsrd 23) and
measurements are performed once or twice in month.

Figure23 Snow course locations in Finland

6.5.1.1.2 Validation results for Winter 20222

H-SAF H13 SWE was validated for period from Oct 1 2021 to May 31 2022. Scatterplot of SYKE snc
course SWE versus H13 SWE estimate are presenkgure24.
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HSAF-H13 SWE accuracy - Finnish snow course data, winter 2021 - 2022
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Figure24 Scatterplot of SYKE snow course SWE vs. H13 SWE estimate.

Statistical figures obtained were bias of 12.8 mm, RMS without bias correction 34.3 mm, RMS with
bias correction 31.8mm, and correlation coefficient 0.83.

In Figure25 the same results in scatterpldtigure24 are presented in an alternative fashion with
average values and error limits.
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HSAF-H13 SWE accuracy - Finnish snow course data, winter 2021 - 2022
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Figure25 Scatterplot of SYKE snow course SWE vs. H13 SWE estimate

6.5.1.1.3 Conclusions

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

figures:

Table39 Statistical scores for validation period Oct@0&1 May 2022 for Finland

Statistics Scores

Number of cases

634

Standard Deviation

Correlation Coefficient

0.83

Root Mean Square Error (mn]

34,3

In this validatiorRMS value 34.3 mrmwas obtained. This is in between target and threshold value.
Compared to validation period 202021 the RMS has a lower value.
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6.5.1.1.4 Validation results for Winter 20223

H-SAF H13 SWE was validated for period from Oct 1 2022 to May 31 2023. Scatterplot of SYKE snc
course SWE versus H13 SWE estimate are presenkgure26.

HSAF-H13 SWE accuracy - Finnish snow course data, winter 2022 - 2023
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Figure26 Scatterplot of SYKE snow course SWE vs. H12SWate

Statistical figures obtained were bias of 7.0 mm, RMS without bias correction 30.4 mm, RMS with
bias correction 29.5mm, and correlation coefficient 0.86.

In Figure27 the same results in scatterpldtigure24 are presented in an alternative fashion with
average values and error limits.
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HSAF-H13 SWE accuracy - Finnish snow course data, winter 2022 - 2023
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Figure27. Scatterplot of SYKE snow course SWE vs. H13 SWE estimate

In Figure the typical behavior of the algorithm is shown, with underestimation of SWE when SWE >
150 mm.

6.5.1.1.5 Conclusions

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

Table4Q Statistical scores for validation period October 2822/ 2023 for Finland

Statistics Scores

Number of cases 653

Standard Deviation --

Correlation Coefficient 0.86

Root Mean Square Error (mn] 29,5
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In this validatiorRMS value 30.4 mmwas obtained. This is in between target and threshold value.
Compared to validation period 202022 RMSs lower.

6.5.1.2  Validation in Turkey

¢CKS GItARFGAZ2Y 2F { ¥W2 & SINBERNI MNIBERAEDHP YS yYAA GNP &L
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200FAYSR FNRY Hw {t!Z mmMdp !'2h{> FYR 1T {,bht¢lL
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Figure28 TSMS AWOS and SPA stations used in the validation for the wintef2f 2021
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Figure29 TSMS AWOS, SPA and SYNOPTIC stations used in the validation for the wir28t of 2022

6.5.1.2.1 Methodology
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6.5.1.2.2 The results for the year 202

¢ KS NBadzZ Ga mf2 NJ NBA yLINGDBAFNIHEWRS A P2 YLIF NAaz2y o6Si
YR 20aSNIWSR {29 HKguk3ddsa Aa LINSaASY(iISR Ay
Tabled4l The results for validation period Jan 208ar 2022

Range | Meas. SWE | Calc. SWE | Stand. Data Mean

(mm) (mm) (mm) Dev. Count Error

0-25 26.77 0.16 0.97 944 -26.61

2550 49.64 40.00 5.98 24 -9.64

50-75 62.46 63.56 7.25 114 1.11

75100 | 84.90 88.24 6.49 288 3.34

100125 | 110.08 112.91 6.53 362 2.83

125150 | 130.15 136.66 6.26 209 6.51

150175 | 135.50 158.89 8.06 38 23.40

175200 | - - - - -

200225 | 180.99 207.00 5.66 2 26.01

225250 | 206.36 227.67 1.53 3 21.31

A

¢CKS 20SN}ftft wa{9 F2NJ HAHH A& OTDPHO YYI &KSNJ
odpPdPno YY FYR ondtc YY F2NJ WFHydz NBX CS0 NHzZE NBS

z A

Gt dzZSa F2NJ WFHydzZ- NBEX CSo6 NHzE NBEX nF yORY Za FNNEGKLIS ONISA @

GKS 2@0SNItf YI EAYdzY {5 Tabladlry Si kaSzNSRF G A fidhTOMTYNnT
{29 NIy3S IINB y2i RSNAMGSR IR IaiALY OSSO HIAKESINGSE S NESA |
aidFGAadAOrtEte aAIYAFAOFLYG YSGNROa®
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The calculated mean snow water equivalent values obtained from H13
corresponding to measured snow water equivalent values for the period
Jan 2022 - Mar 2022
240
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Figure3Q The calculated mean snow water equivalent obtained from H13 corresponding to measured snow water
equivalent values for the period Jafar 2022.

6.5.1.2.3 The results for the year 2023

¢ KS NBadz Ga mfoz NJNSA yLINEDBEPNIHER S A ¢ 2 YL NJ\a2y 0Si
YR 20aSNIWSR {29 HKgubkdddsa Aa LINBaSyil AY
Table42 The results for validation period Jan 20Mar 2023

Range | Meas. SWE | Calc. SWE | Stand. Data Mean

(mm) (mm) (mm) Dev. Count Error

0-25 29.85 0.71 3.25 1123 -29.15

2550 45.41 38.47 7.07 45 -6.94

50-75 66.98 64.16 6.91 94 -2.82

75100 | 74.53 89.21 6.65 218 14.67

100125 | 99.78 112.81 6.39 102 13.03

125150 | 115.68 132.58 4.72 43 16.90

150175 | 128.03 159.56 6.56 9 31.52

175200 | 148.73 196.75 1.50 4 48.02
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The calculated mean snow water equivalent values obtained from H13 corresponding
to measured snow water equivalent values for the period

Jan 2023 - Mar 2023
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Figure31 Thecalculated mean snow water equivalent obtained from H13 corresponding to measured snow water
equivalent values for the period Jafar 2023.

¢CKS 20SN}ftft wa{9 F2NJ HAHO A& ocdpc YYI &KSNJ
oyPHd YY FYR oodyT YY F2NJ WFHydzr NBX CS0 NHzZE NBS
g f dzZSa F2NJ WIF ydz- NEXZ CSo6 NUzk NBE X v YOR Za INSBG K JSIONIB\ ¢
GKS 208Nttt YIFIEAYdzY {5 A& YSI&adaNBR | & ynodcy

6.5.1.2.4 Case Study: H13 comparison with time series of a SPA station in Erzurum area
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Figure32 The location and snapshots of SPA station 17777 at Palanddken Ski Center, Erzurum (altitude 2615 m).

Figure33 SPA station 17777, Karasu Basin, and the corresponding H13 on 26 Feb 2023.
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Figure34 SWE and snow depth measurements from SPA station 17777 versus H13 SWE values.
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6.5.1.2.5 Conclusions
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6.5.1.3 Validation results in Poland

Statistical scores of H13 product validation for SD > 2 mm, in the snow period that goes from
December 2021 to February 2022 is presentet@iable43.

Table43 Statistical score for validation period Decembeii Hetruary 2022 for Poland

Statistics Scores
Number of cases 370
Standard Deviation 6.3
Correlation Coefficient 0.69

Root Mean Square Error (mm 9.3

Statistical scores of H13 product validation for SD > 2 mm, in the snow period that goes from
December 2022 to March 2023 is presented able44.

Table44 Statistical score for validation period Decembei 20&2Zh 2023 for Poland

Statistics Scores
Number of cases 550
Standard Deviation 11.2
Correlation Coefficient 0.85
Root Mean Square Error (mm 11.2

Scores for continuoustatistics suggest good correspondence of SWE values derived from H13
product and ground measurement. Both winters 2622 and 20223 had not a very good snow
coveraswinter202@ m> o6dzi Ay GKS OFaS O2yaARSNBReeryiKS
good and at target levels for product performances.
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6.5.1.4  Validation results in Germany

Statistical scores of H13 product are validated only for 20 mm < SWE(H13) < 100 mm, in the snow
period that goes from December 2021 to April 2022 and the results are preseniedied5.

Pagel116/195

Table45 Statistical scores for validation period Decemberi2821 2022 for Germany

Statistics Scores

Number of cases 642
Standard Deviation 20.4
Correlation Coefficient 0.22
Root Mean Square Error (mm] 35.9

Statistical scores of H13 product are validated only for 20 mm < SWE(H13) < 100 mm, in the snow
period that goes from November 2022 to March 2023 and the results are preseniabie46.

Table46 Statistical scores for validation period Novemberi2@22ch 2023 for Germany

Statistics Scores

Number of cases 619
Standard Deviation 20.7
Correlation Coefficient 0.53
Root Mean Squaré&rror (mm) | 21.2

Scores for continuous statistics suggest rather good correspondence of SWE values derived fron
H13 product and ground measurement, evaluated with snow depth of more than 20 cm. The value
of RMSE of 35.9 and 21.2 mm for the 2 wirgeriods are above the threshold, even with a slightly
better performance of product H13 in winter 2023, that can be maybe attributed to a more

homogeneous snow cover
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6.5.1.5  Conclusions: Product requirement compliance

As shown inTable47, the statistical scores obtained by the validation of H13 in SPVG satisfy the
Product Requirements, with RMSE between threshold and target values in all areas and above targe
levels in Poland. Since the SWE product is developed for dry snow conditibdation period is
limited to some winter monthsas especially in the beginning of winter there were some months
with very little snow (or even withoutand inspring snow getvery wet in some areasé€eTurkey
validation and cass study). In Finland the whole period is considered, as in this area snow cover is
more stable and driettill snow meltingin spring.

In this validation RMSE values around 37 mm are obtained fanthentainous areas of Turkey and
an average RMSE of 22 to 25 mm for the mostly flat areas of Finland, Germany and Poland; bot!
values are between threshold and target; best performances are obtained in the flat areas of Poland.

The reported Finnish and Turkighalysisshow as usual a underestimation when SWE values are
larger than 150 mm, and a general overestimation in case of low snow depths.

Table47 Compliance analysis for product H13

Between target Threshold exceeded Threshold exceedec
and optimal by <50 % 0e x pn

Product requirementsor H13 RMSE (mm)

threshold |target |optimal [AVERAGE Poland | Finland Turkey | Germany

Winter 202122

N. samples

Mountainous Areal 45 mm | 25 mm| 15 mm

Flat Area 40 mm |20 mm| 10 mm

Winter 202223

N. samples

Mountainous Areal 45 mm | 25 mm| 15 mm

Flat Area 40 mm |20 mm| 10 mm 11.2

6.5.2 Quality assessment for product SESEVIRI (H34)
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Product ID (Acronym) SED-SEVIRH34

Product name Snow Detection by VIS/IR radiometry
Algorithm version number| Latest version: 1.0
Version considered for Q.A.: 1.0
Covered period 01/06/2021¢ 31/05/2023
Q.A. methods applied Multi-categorical statistics | POD, FAR (Probability of Detection, Fg
Alarm Rate)
Contributing countries BE, DE, FL, IT, PL, TU
Contributing institutes CIMA

In this Chapter, the validation results pfoduct SED-SEVIRI (H34) long statistics analysis for the
period 1/06/202131/05/2023 are reported, thus the 2 winter seasons (1.10.2021.05.2022 and
1.10.202231.05.2023) are considered.

SED-SEVIRI (Snow Detection by VIS/IR radiometry covering full MSG Disk, in this report namec
discussed with the H SAF identifier H34) is e&®AfF snow product including daily sndetection

maps based on visible/nedamfrared (VIS/NIR) data from the Sping Enhanced Visible and Infrared
Imager (SEVIRI) on board of Meteosat satellites. The algorithm of H34 largely buildSA#Hh H
products H10 and H31, which are both currently operational. Compared to H10, which provides
binary map of snow/nesnow over theH-SAF area (25°N to 75°N latitude, 25°W to 45°E longitude),
H34 is a secondeneration product covering the full disk of SEVIRI. As such, H34 provides an
opportunity to evaluate FBAF snow products over larger areas than what is possible with H10. The
product is fully operational and as ittige full disk extension of the operational product H10, it is
considered the snow detectietarget product for validation purposes during CDOP4.

Exactly as done in OR11, in OR13 H34 is validated over Europe using ground station data of
countries.

In addition, as product H34 has full disk coverage, a Satellite based validation, using Sentinel2a date
is performed over selected extid SAF areas by CIMA. The full details of this validation Arengx
1

For European areas, validation has been performed over Belgium, Finland, Germany, Italy, Polanc
and Turkey: each Country/Team contributes to long statistic validation by providing the monthly
contingency table and the statistical scores.
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In Turkey also a separate Sentinel2a based validation is provided, which is a good case study fc
evaluation of product performace over same areas with different methods. Tid details of this
very interesting comparison are Annex 2

The two winter seasons 2022 and 20223 were often scarcely snowed seasons and therefore in
some countries only some cominter months will be consideredietectinglarge scalesnowcover
with ground data iverydifficult, and prone to errors in months with no or very patchy snow cover.

Themain scores to be evaluated for product compliance are the Probability of Detection (POD) and
the False Alarm Rate (FAR). However, to give a more complete idea of the product error structure,
several other statistical scores have been evaluated and showmns report.

The product requirements of product H34 are displaye@iable48 (requirements for mountainous
areas) and able49 (requirements for flat/forested areas)

Table48 Product requirements for product-BISEVIRI in Mountainous areas

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

Table49 Product requirements for product-BISEVIRI ifrlat/Forest areas

Score Threshold Target Optimal
POD 0.80 0.85 0.99
FAR 0.20 0.15 0.05
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6.5.2.1  Validation for flat areas of Belgium

Validation over Belgium is performed in the two winter seasons ZRJknd 20223 from
November to March. Even in these reduced winter seasons, the snow scarcity over western Europe
led to bad statistics in several months, withsroowobserved &all. Forthese reasonsnly 3 months

will be considered in the total statistics: Jan 22, Dec 22 and Jan 23.

Table5Q Validation results for 202022 winter season in Belgium.

flat area Nov 21| Dec 21 Jan 22 | Feb 22| Mar 22 | Total
hits 0 0 3 0 0 3

false alarms 4 11 1 0 0 1

misses 0 0 0 0 0 0

corr negatives 355 156 242 589 1019 242
numbers of obs 359 167 246 589 1019 246
POD NA NA 1,00 NA NA 1,00
FAR 1,00 | 1,00 0,25 NA NA 0,25
csi 0,00 | 0,00 0,75 NA NA 0,75
pofd 0,01 | 0,07 0,00 0,00 0,00 0,00
acc 0,99 | 0,93 1,00 1,00 1,00 1,00
hss 0,00 | 0,00 0,86 NA NA 0,86

Table51 Validation results for 202023 winter season in Belgium.

flat area Nov 22| Dec 22 Jan 23 | Feb 23| Mar 23 | Total
hits 0 8 16 0 0 24

falsealarms 1 46 11 0 0 57

misses 0 0 0 0 0 0

corr negatives 465 151 189 463 419 340
numbers of obs 466 205 216 463 419 421
POD NA 1,00 1,00 NA NA 1,00
FAR 1,00 0,85 0,41 NA NA 0,70
csi 0,00 | 0,15 0,59 NA NA 0,30
pofd 0,00 | 0,23 0,06 0,00 0,00 0,14
acc 1,00 | 0,78 0,95 1,00 1,00 0,86
hss 0,00 | 0,20 0,72 NA NA 0,40

With these limitations, a very good POD of 1 is calculated in the 3 months, whereas FAR shows larg
variations going from 0,25 to a 0,85. Despite thhg overall product performances can be seen as
very good, as displayest the many correct negativesa very good ACC index ofslcalculatedn

most of the months, even in those with no hits and therefore no appliable &©@OFAR
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6.5.2.2  Validation for Germany

Validation over Germany is performed in the 2 winter periods of December to ApritZD2hd
December to March 20223. March 2022 in flat areas is discarded from statistic due to nahds
to few snow detection Results are shown separated for flat and mountainous areas.

Table52 Validation results f@0212022 winter season in Germany, flat areas.

flat area Dec 21 Jan 22 Feb 22 Mar 22 Apr 22 | Total
hits 1114 994 398 0 194 2700
false alarms 52 70 73 30 70 295
misses 1217 1455 454 8 80 3214
correct negatives 4516 6806 7550 9445 8836 37153
numbers of obs 6899 9325 8475 9483 9180 43362
POD 0,48 0,41 0,47 NA 0,71 0,46
FAR 0,04 0,07 0,15 1 0,27 0,10
csi 0,47 0,39 0,43 0 0,56 0,43
pofd 0,01 0,01 0,01 0,00 0,01 0,01
acc 0,82 0,84 0,93 1,00 0,98 0,80
hss 0,53 0,48 0,57 0,00 0,71 0,55

Tables3 Validation results for 202022 winter season in Germany, mountain areas.

mountain area Dec 21 Jan 22 Feb 22 Mar 22 Apr 22 | Total
hits 307 298 204 41 46 896
false alarms 113 154 171 84 46 568
misses 28 16 10 58 55 167
correct negatives 118 121 147 406 423 1215
numbers of obs 566 589 532 589 570 2846
POD 0,92 0,95 0,95 0,41 0,46 0,84
FAR 0,27 0,34 0,46 0,67 0,50 0,39
csi 0,69 0,64 0,53 0,22 0,31 0,55
pofd 0,49 0,56 0,54 0,17 0,10 0,32
acc 0,75 0,71 0,66 0,76 0,82 0,47
hss 0,45 0,40 0,37 0,22 0,37 0,57
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Table54 Validation results for 202R23 winter season in Germany, flat areas.

flat area Dec 22 Jan 23 Feb 23 Mar 23 Total
hits 2264 971 623 298 4156
false alarms 42 57 66 145 310
misses 1865 870 494 79 3308
correct negatives 4571 6872 6804 8344 26591
numbers of obs 8742 8770 7987 8866 42654
POD 0,55 0,53 0,56 0,80 0,56
FAR 0,02 0,06 0,10 0,33 0,07
csi 0,54 0,51 0,53 0,57 0,53
pofd 0,01 0,01 0,01 0,02 0,01
acc 0,78 0,90 0,93 0,97 0,61
hss 0,55 0,62 0,65 0,71 0,61

Tableb5 Validation results for 202223 winter season in Germany, mountain areas.

mountain area Dec 22 Jan 23 Feb 23 Mar 23 Total
hits 121 107 108 69 405
falsealarms 11 44 40 24 119
misses 34 20 3 24 81

correct negatives 144 139 129 193 605
numbers of obs 310 310 280 310 1210
POD 0,78 0,84 0,97 0,74 0,83
FAR 0,08 0,29 0,27 0,26 0,23
csi 0,73 0,63 0,72 0,59 0,67
pofd 0,07 0,24 0,24 0,11 0,16
ace 0,85 0,79 0,85 0,85 0,56
hss 0,71 0,59 0,70 0,63 0,68

In sum, in the mountainous parts, POD are good and above threshold and near to target levels,
whereas FAR values are higher, especially in Winte2221n the flat areas, FAR is very good,
whereas POI the two considered winter seasons suffer probably from a very patchy snow cover.
In these cases, as usual, a point validation with ground station is not optimal, largely due to the fact
that it is not representative of a larggcale snow cover.
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6.5.2.3 Validation for Poland

Validation over Poland is performed in the 2 winter periods of November to March-2R2ihd
2022-23. Results are shown separated for flat and mountainous areas.

Tableba Validation results for 202022 winter season in Poland, flat areas.

flat area Nov 21 Dec 21 Jan 22 Feb22 | Mar22 | Total
hits 70 1639 785 274 46 2814
false alarms 68 267 391 171 68 965
misses 4 124 108 134 94 464
correct negatives 1555 213 503 1625 2550 6446
numbers of obs 1697 2243 1787 2204 2758 10689
pod 0,95 0,93 0,88 0,67 0,33 0,86
far 0,49 0,14 0,33 0,38 0,60 0,26
csi 0,49 0,81 0,61 0,47 0,22 0,66
pofd 0,04 0,56 0,44 0,10 0,03 0,13
acc 0,96 0,83 0,72 0,86 0,94 0,87
hss 0,64 0,42 0,44 0,56 0,33 0,70

Tableb7 Validation results for 202022 winter season in Poland, mountain areas.

mountain area Nov 21 Dec 21 Jan 22 Feb 22 Mar 22 | Total
hits 9 210 143 223 153 738
false alarms 14 4 10 0 29 S7

misses 20 65 90 43 238 456
correct negatives 190 1 15 0 19 225
numbers of obs 233 280 258 266 439 1476
pod 0,31 0,76 0,61 0,84 0,39 0,62
far 0,61 0,02 0,07 0,00 0,16 0,07
csi 0,21 0,75 0,59 0,84 0,36 0,59
pofd 0,07 0,80 0,40 NA 0,60 0,20
ace 0,85 0,75 0,61 0,84 0,39 0,65
hss 0,27 -0,01 0,09 0,00 -0,07 0,27
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Tableb8 Validation results for 20223 winter season in Poland, flat areas.

flat area Nov 22 Dec 22 Jan 23 Feb23 | Mar23 | Total
hits 63 907 110 977 188 2245
false alarms 73 118 92 181 124 588
misses 13 67 34 80 150 344
correct negatives 1273 374 711 529 2342 5229
numbers of obs 1422 1466 947 1767 2804 8406
pod 0,83 0,93 0,76 0,92 0,56 0,87
far 0,54 0,12 0,46 0,16 0,40 0,21
csi 0,42 0,83 0,47 0,79 0,41 0,71
pofd 0,05 0,24 0,11 0,25 0,05 0,10
acc 0,94 0,87 0,87 0,85 0,90 0,89
hss 0,56 0,71 0,56 0,69 0,52 0,75

Tableb9 Validation results for 202223 winter season in Poland, mountain areas.

mountain area Nov 22 Dec 22 Jan 23 Feb 23 Mar 23 | Total
hits 12 77 80 254 46 469
false alarms 7 6 24 3 18 58

misses 28 70 62 31 142 333
correct negatives 105 33 42 3 69 252
numbers of obs 152 186 208 291 275 1112
pod 0,30 0,52 0,56 0,89 0,24 0,58
far 0,37 0,07 0,23 0,01 0,28 0,11
csi 0,26 0,50 0,48 0,88 0,22 0,55
pofd 0,06 0,15 0,36 0,50 0,21 0,19
ace 0,77 0,59 0,59 0,88 0,42 0,65
hss 0,29 0,23 0,17 0,12 0,03 0,31

In all months considered there is a good number of cases. The results for POD are good in flat area
and less in Mountains, and the opposisgtruefor FAR indexes.

Problems in this Country arise especially in autumn and in spring, as it is usual with this-ground
based validation, that requirethe rather stable and homogenous snow cover that is more often
found in winter.



EUMETSAT

& HSAF

Operations Report
2023S1/S2

Doc. No: SAF/HSAF/OpRep/2023_S1_S2
Version:2.0

Date:22/05/2024

Page125195

6.5.2.4 Validation for flat areas ofFinland

Validated months are from October to May, for the full winter seasons of 22and 20223.

Some missing data from November to January are due to winter darkness in high latitudes, but all

data are considered in the totals. Results of validations foltger seasons are shown able

60andTable61.
Table6Q Validation results for 202022 winter season in Finland
flat area Oct 21| Nov 21| Dec 21| Jan 22 | Feb 22| Mar 22 | Apr 22| May 22| Total
hits 49 0 0 13 655 2413 | 1154 189 4473
false alarms 109 34 0 0 0 11 49 55 258
misses 0 0 0 0 0 35 161 48 244
corr negatives 293 37 0 0 0 2 249 1850 | 2431
numbers of obs 451 71 0 13 655 2461 | 1613 | 2142 | 7406
POD 1,00 NA NA 1,00 1,00 0,99 0,88 0,80 0,95
FAR 0,69 | 1,00 NA 0,00 0,00 0,01 0,04 0,23 0,06
csi 0,31 | 0,00 NA 1,00 1,00 0,98 0,85 0,65 0,90
pofd 0,27 | 0,48 NA NA NA 0,85 0,16 0,03 0,10
acc 0,76 | 0,52 NA 1,00 1,00 0,98 0,87 0,95 0,93
hss 0,37 | 0,00 NA NA NA 0,07 0,62 0,76 0,85
Table61 Validation results for 202023 winter season in Finland
flat area Oct 22| Nov 22| Dec 22| Jan 23 | Feb 23| Mar 23 | Apr 23| May 23| Total
hits 0 0 0 15 821 1989 | 2082 140 5047
false alarms 224 10 0 7 13 2 37 41 334
misses 0 0 0 1 2 29 163 68 263
corr negatives 588 60 0 2 2 0 455 2441 | 3548
numbers of obs 812 70 0 25 838 2020 | 2737 | 2690 | 9192
POD NA NA NA 0,94 1,00 0,99 0,93 0,67 0,95
FAR 1,00 | 1,00 NA 0,32 0,02 0,00 0,02 0,23 0,06
CSi 0,00 | 0,00 NA 0,65 0,98 0,99 0,91 0,56 0,89
pofd 0,28 | 0,14 NA 0,78 0,87 1,00 0,08 0,02 0,09
acc 0,72 | 0,86 NA 0,68 0,98 0,99 0,93 0,96 0,94
hss 0,00 | 0,00 NA 0,19 0,21 0,00 0,78 0,70 0,87

POD and FAR are very good and close to optimal values in both seasons: product H34 has very go
performances in these Nordiffat and forested areas, where a more homogenous and stable snow
cover during the winter months is present, as opposed to western and southern Europe. Validation

over Russia and Belarus with Sentinel2 data shows very similar values of POD and FAR.
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6.5.2.5  Validation for mountainous areas of Italy

Validation is performed in the winter periods of December to March 2B2%nd 20223; two
seasons with very few good snow cases in the mountainous areas of the Italian Alps, and even mor
problematic ones in thé\ppennines areas, where snow observation is also hindered from very
dense forested areas. As usual only a selection of days is considered, as snow detected by weathe
stations in the Alps and Appennines, with large valley and steep terrain, are not rafatge for

a largescale snow cover detected by satellites.

Table62 Validation results for 202022 and 2023 winter seasons in Italy.

mountaineous Winter Winter
area 2021:22 | 202223
hits 616 973
false alarms 33 21
misses 518 487
corrnegatives 541 354
numbers of obs 1708 1835
POD 0,54 0,67
FAR 0,05 0,02
pofd 0,06 0,06
acc 0,68 0,72

POD is above threshold in winter 2022 and below threshold in winter 20223. FAR is in both
seasons very good and at optimal levels. The low performances of POD i22@2due to a very
inhomogeneous, wet and patchy snow cover, especially over tipedpnes in central Italy, where
a Mediterranean climate i®und, as opposed to the more continentBuropean climate of the Alps.
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6.5.2.6  Validation for mountainous areas of Turkey

Validated months are from November to May, for the winter seasons of -222and 202223. In
this period all data are considered in the totals. Results of validations for the winter seasons are
shown inTable63 and Table64.

Table63 Validation results for 202022 winter season in Turkey

mountaineous area| Nov 21| Dec 21| Jan 22 | Feb 22| Mar 22 | Apr 22| May 22| Total
hits 1 590 813 1471 763 337 5 3980
false alarms 2 118 31 9 99 156 26 441
misses 21 130 123 294 165 348 83 1164
corr negatives 39 290 54 46 157 776 527 1889
numbers of obs 63 1128 1021 1820 | 1184 | 1617 | 641 7474
POD 0.05 | 0.82 0.87 0.83 0.82 | 049 | 0.06 | 0.77
FAR 0.67 | 0.17 0.04 0.01 0.11 | 0.32 | 0.84 | 0.10
csi 0.04 | 0.70 0.84 0.83 0.74 | 040 | 0.04 | 0.71
pofd 0.05 | 0.29 0.36 0.16 0.39 | 0.17 | 0.05 | 0.19
acc 0.63 | 0.78 0.85 0.83 0.78 | 069 | 083 | 0.79
hss 0.05 | 0.58 0.37 0.20 0.46 | 043 | 0.07 | 0.54

Table64 Validation results for 202R23 winter season in Turkey

mountaineous area| Nov 22| Dec 22| Jan 23 | Feb 23| Mar 23 | Apr 23| May 23| Total
hits 11 135 380 1567 210 89 3 2395
false alarms 0 15 34 54 42 9 0 154
misses 4 88 317 291 234 133 29 1096
corr negatives 0 16 109 114 133 55 11 438
numbers of obs 15 254 840 2026 619 286 43 4083
POD 0.73 0.61 0.55 0.84 0.47 0.40 0.09 0.69
FAR 0.00 0.10 0.08 0.03 0.17 0.09 0.00 0.06
CSi 0.73 0.57 0.52 0.82 0.43 0.39 0.09 0.66
pofd NaN 0.48 0.24 0.32 0.24 0.14 0.00 0.26
acc 0.73 0.59 0.58 0.83 0.55 0.50 0.33 0.69
hss 0.00 0.16 0.23 0.35 0.27 0.20 0.05 0.26

Both POD and FAR are good, and FAR close to optimal values in both seasons. Product H34 has g«
performances in thesenountainous areas, even with complex orography, due to the dedicated
algorithm which merges the mountainous product with the faea product.
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In addition to the ground statiobased validation, a Sentinel2 based validation for the same areas

is performed. The results of this validations for the winter seasons are shovabia65 and Table

66.

Table65 Validation results for 202022 winter season in Turkey using Sentinel2 reference data.

mountaineous area| Nov 21| Dec 21| Jan 22 | Feb 22| Mar 22 | Apr 22| May 22| Total
hits 59 4758 2031 3436 | 2173 | 1863 65 14385
false alarms 58 1439 252 810 383 932 84 3958
misses 103 376 36 65 65 277 65 987
corr negatives 11620 | 3553 326 623 734 5816 | 7281 | 29953
numbers of obs 11840 | 10126 | 2645 4934 | 3355 | 8888 | 7495 |49283
POD 0.36 0.93 0.98 0.98 0.97 0.87 0.50 | 0.94
FAR 0.50 0.23 0.11 0.19 0.15 0.33 0.56 0.22
CSi 0.27 0.72 0.88 0.80 0.83 0.61 0.30 0.74
pofd 0.00 | 0.29 0.44 0.57 0.34 | 0.14 0.01 0.12
acc 0.99 0.82 0.89 0.82 0.87 0.86 0.98 0.90
hss 0.42 0.64 0.63 0.49 0.68 | 0.66 0.46 0.78

Table66 Validation results for 202223 winter season in Turkey using Sentinel2 reference data.

mountaineous area| Nov 22| Dec 22| Jan 23 | Feb 23| Mar 23 | Apr 23| May 23| Total
hits 365 698 2502 | 10153| 176 256 86 14236
false alarms 224 842 1599 2625 156 394 193 6033
misses 114 269 507 184 84 94 93 1345
corr negatives 10377 | 9355 | 12945 | 1919 | 1900 | 2901 | 5633 | 45030
numbers of obs 11080 | 11164 | 17553 | 14881 | 2316 | 3645 | 6005 | 66644
POD 0.76 | 0.72 0.83 0.98 0.68 | 0.73 | 0.48 | 0.91
FAR 0.38 | 0.55 0.39 0.21 0.47 | 061 | 0.69 | 0.30
csi 0.52 | 0.39 0.54 0.78 0.42 | 0.34 | 0.23 | 0.66
pofd 0.02 | 0.08 0.11 0.58 0.08 | 0.12 | 0.03 | 0.12
acc 0.97 | 0.90 0.88 0.81 0.90 | 0.87 | 0.95 | 0.89
hss 0.67 | 0.50 0.63 0.48 054 | 044 | 035 | 0.72

Results for POD are better than tgeoundbased validation, FAR indexorser. Full discussion of
these interesting results is found Annex 2
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6.5.2.7  Validation using SENTINELsatellite data for extra HSAF areas by CIMA

tKAa aSOlA2y Aa | adzyYl NESERSEVIRIKHR4) SiwRrodlict usingl f
Sentinef2 Level2 Scene Classifications over Caucasus, BeRuasia, and Lebanon (Oct. 2021
al® HNHOOLUVEXI 0@ CNIyOSaoz2 ! @yl A FYR {AY2YS
The original Report is presented Annex 1 a summary of the methods and the result of the
validation is given below.

In this report, the validation methodology for H10 that in Piazzi et al. (2019) was applied, and we
compared SCA maps derived from H34 vs. SCA maps derived from Szrifinelvalidation period
included the 20222022 and 2022023 snow seasons, areas oiterest were the Caucasus
Mountain range, Belarus & Russia, and Lebanon/Middle East. These areas of interest include ¢
mixture of predominantly flat areas (Belarus & Russia) and predominantly mountainous areas
(Caucasus and Mount Lebanon). Climates are atarkedly different, with Belarus & Russia,
Caucasus, and Mount Lebanon falling in the Boreal, Béoe@blar, and WarrTemperatureto-

Arid regions according to the Kdppeheiger climate map.

The selection of the Sentinél tiles over each area of interest, to be compared with H34, was
performed by seeking a tradeoff between extensively assessing H34 performance and limiting
computational times. As a result, tile selection in Caucasus focuseal selection of 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 were flat and withblarge water bodies.

Overall, we considered 9 tiles in Belarus & Russia, 4 tiles in the Caucasus region, and 2 tile i
Lebanon. For each tile, we then selected an orbit providing sdulare map by visually inspecting
representative images orhttps://browser.dataspace.copernicus.eu/.Figure 36 reports the
location of each tile, whild@able67 summarizes how many maps for each tile we considered (after
filtering images with cloud cover above 20%) and the corresponding orbit.
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Figure36a Location of validation regions with selected Sentinel 2 tiles

Table67 Considered Sentingltiles, satellite orbit, and number of images for each area of interest. Images cover the
period October 1, 2021 through May 31, 2022, as well as October 1, 2022 through May 31, 2023, and were filtered to ¢
those with overall cloud cover above 20%.

Area of interest Tile Orbit # of images
Lebanon 37SBS 121 40
37SBT 121 51
Caucasus 37TGH 78 17
38TLN 35 23
38TNM 135 21
38TPM 135 25
Belarus & Russia 35UNB 93 17
35UPA 93 13
35UPB 93 14
36UUF 50 11
36UVF 7 10
36UVG 7 9
36UUG 50 13
36UWF 7 6
36UWG 7 8

Total 278
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Accuracy metrics iTable68 confirm the generally good performance of H34 in detecting snow
conditions over all regions.

Table68 Accuracy metrics over the 3 areas of interest, aggregated across all tiles and images available.

Validation area Caucasus Belarus & Russi{ Lebanon
pod 0.75 0.89 0.75
far 0.26 0.12 0.17
csi 0.59 0.80 0.65
pofd 0.14 0.14 0.00
acc 0.82 0.88 0.98
hss 0.60 0.75 0.78

Resultsshow a good agreement between H34 and Sentinel 2 across all areas of interest. All POD:
and all FARs are above threshold, and except of FAR in Caucasus, over target values.
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6.5.2.8  Product requirement compliance

Validation with ground station over H SAF area:

Table69 to Table72 show the summary of the validation for the tWwiinter seasons over H SAF
areas with ground station data. The average values are separated between mountainous and flat
areas.

The average valuesre in most cases above the thresholds and even over target levels. But, as
shown in previous chapters, the scarcity of snow cover in Belgium and Germany causes bac
statistics, therefore low POD or high FAR can be seen in the results. This may be dualiddktierv
procedure, with ground data and point observation, which may not be representative for large scale
observations, as in satellite images. Also in Italy, dwevgry complex orography and snow scarcity,
lower PODs are obsezd.

Threshold exceeded b
<50 %

Table69 Statistical scores for H34 over mountainous areas with ground station data relativellylfle26231.5.2022

validation area
pod
far

Table7Q Statistical scores for H34 over flat areas with ground station data relatively period-3118.2022

validation area Finland Poland
pod

far

Belgium Germany Average

Table71 Statistical scores for H34 over mountainous areas with ground station data relatively perioeB1.5®P032

\validation area
pod
far

Table72 Statistical scores for H34 over flat areas with ground station data relatively period-3118.2022

validation area Finland Poland
pod

far

Belgium Germany Average
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Table73 Simplified compliance analysis for product H34 (mountainous areas).

H SAF Accuracy requirements for H34
mountainous areas
Product requirements

Score | threshold| target | optimal | total
POD 0.60 0.70 0.99 0.74
FAR 0.30 0.20 0.05 0.18

Table74 Simplified compliance analysis for product H34 (Flat/Forest areas)

H SAF Accuracy requirements for H34
Flat/Forest areas
Product requirements

Score | threshold | target | optimal | total

POD 0.80 0.85 0.99
FAR 0.20 0.15 0.05 0.22

In Table73 and Table74 the total average over {$AF areas with standard ground data validation
are presented: the results are separated for flat and mountainous areas, as thresholds are different.
In_sum, product H34 is above target for mountainous areas, and close to threshold levels in
flat/forested areas. The very close values of the means in the two areas shows that the product has
a very consistent overall performance, with only slightly beR&Ds in flat areas.
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Validation with Sentinel2 highesolution satellite data:

Sentinel 2 highresolution satellite data validation was performed by CIMA and Turkey, and overall
results are displayed ifiable75.

Table75 Statistical scores for H34 over mountainous and flat areas with Sentinel2 data relatively peried 1.10.2021

31.5.2023
Belarus and
Validation Caucasus Russia Turkey | Lebanon
area (mount) (flat) (mount) | (mount)
pod 0.75 0.89 0.92 0.75
far 0.12 0.17

In all areas of validation, POD is above threshold @ret target levels. FAR is everywhere above
threshold and in 2 areas above target

6.5.2.9 Conclusiols

In this very comprehensive report, various areas in the 2 Winter periods of-2D2hd 20223

are considered, using ground station data from 6 countries in the H SAF area, and Sentinel2a base
validationalsoin other areas of the Northen Hemisphere. With very variable scores, depending on
the varying seasons and the different climatology and orographthe mean a consistent POD
between 0.74 and 0.92 is detected, with FAR between 0.12 and 0.26. The values are almos
everywhere above threshold and in ma cases above targetUsers may be advised that
problematic cases fanow detection withproductH34 aran areas where snow cover is very patchy

and inhomogeneoughis is trueespeciallyin the flat areas of western Europe in these srevarce
winters. This is going to be a common pattern in Europihe next yearsdue tothe climate crisis.
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6.5.3 Quality assessment for product ESJH35)

Product ID (Acronym) ESEH (H®)

Product name Effective snow cover by VIS/IR of AVHRR
Algorithm versiomumber | Latest version: 1.0

Version considered for Q.A.: 1.0
Covered period 01/06/2021¢ 31/05/2023

Q.A. methods applied Multi-categorical statistics | RMSHRoot Mean Square Errgn % of
Fractional Snoyv

Contributing countries IT

Contributing institutes CIMA

This report discusses validation results for th& AF snow product ESH35) vs. SentinglLevel

2 FractionalSnowCover (FSC) maps. H35 is aBAF snow product including daily FSC maps based
on visible/neasinfrared (VIS/NIR) data from the Advancedryhighresolution Radiometer
(AVHRR) on board of the National Oceanic and Atmospheric Administration (NOAA) and
meteorological operational (MetOp) satellites (Piazzi et al., 2019).

The algorithm of H35 largely builds orSAF products H12 and H32 (see Piazzi et al.,, 2019).
Compared to H12, which provides FSC maps over i8AHarea (25°N to 75°N latitude, 25°W to
45°E longitude), H35 covers the whole northern Hemisphere (89.99h knft.01° North;179.99°
West to 179.99° East). Spatial resolution is 0.01°, thaDis,km. As such, H35 provides an
opportunity to evaluate FEAF snow products over larger areas than what is possible with H12 and
H32.

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

as snowdepth sensors, or Sentin@l SceneClassification maps (Piazzi et al., 2019). In this report,
we followed the approved validation methodology for H12okgd in Piazzi et al. (2019) and we
compared FSC maps from H35 vs. FSC maps derived from S2niihelvalidation period was the
2021-2022 and 20222023 snow seasons, while areas of interest were the California Sierra Nevada,
central Siberia, the northivestern European Alps, and Finland. These areas of interest include a
mixture of predominantly flat areas (Finland and Siberia) and predominantly mountainous areas
(California and the European Alps). Climates are also markedly different, from the -Batsal
Finland and Siberia to the Alpine European Alps and the (climatologically) Mediterranean California.
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6.5.3.1  Methods

Our validation approach followed the same methodology used in H35 for previous validations and
discussed in Piazzi et al. (20MMhich we briefly summarize below.

The first step was the selection of the Senti@diles over each area of interest to be compared
with H35. Overall, we considered 4 tiles in California, 7 tiles in the European Alps, 6 tiles in Finland
and 6 tiles in Siberia (respectively, 23 tilesatal). In areas with complex topography and large
elevation gradients (California and the European Alps), we focused on regions with a seasonally
significant snow cover.

For each tile, we selected an orbit providing a-fgjuare map by visually inspecting representative
images onhttps://browser.dataspace.copernicus.euFigure37 reports the location of each tile,
while Table76 summarizes the number of maps considered for each tile (after filtering images with
cloud cover above 20%), as well as the corresponding orbit.

F

:|C3J 34VFN [ 35VNL B9 32TLR
[ 34VFQ -+ 32TMS BX 32TMR
{13 35VLH £ 32TNR 3 32TNS
{3 35VLK [ 31TGL

A 35vML 7 32TLQ
. BT T

Figure37. Considered Sentingltiles.

After tile selection, we downloaded S2MSI2A Sentihkekvel2A images between October 1, 2021
and May 31, 2022, as well as between October 1, 2022 and May 31, 2023, including both Sentine
2A and 2B. For each map, we then extracted Scene Classificatian(8t@ap) at 20 m.


https://browser.dataspace.copernicus.eu/

Doc. No: SAF/HSAF/OpRep/2023_S1_S2
EUMETSAT Operations Report Version:2.0
H SAF 2023S1/S2 Date;22/05/2024

Page137/195

SceneClassification maps provide indication of predominant land/cloud cover for each pixel in the
image, including ground, vegetation, snow, water, and various IDs for cloud andirthis cover:
These Scen€lassification maps represent the validation source against which to validate H35.

All available H35 images between October 1, 2021 and May 31, 2022, as well as between Octobe
1, 2022 and May 31, 2023 were downloaded from theteoamftp server. After receiving all
images, we performed an imade-image comparison between Sentinel 2 and H35 FSC with the
goal of assessing H35 performance in estimating Ser2itebC. This assessment was limited to
Sentinel images with overall cloud coveelow 20%, as already done by Piazzi et al. (2019). The
impact of clouds is higher in Finland and 8#oéhan in California or the European Alps, consistently
with a cloudier and wetter climate (see a decrease in available imagexhie76).

Table76 Considered Sentin2ltiles, satellite orbit, and number of images for each area of interest. Images cover the
period October 1, 2021 through May 31, 2022 and October 1, 2022 and May 31, 2023, and were filtered to discard tho:
cloud cover above 20%

Area of interest Tile Orbit # of images

California 10TFK 113 40
11SKB 70 41

11SKC 70 49

11SKD 70 44

EU Alps 32TLQ 108 40
32TLR 108 36

32TMR 65 28

32TMS 65 28

32TNR 65 20

32TNS 35 30

31TGL 108 26

Finland 34VEN 122 16
34VFQ 122 10

35VLH 79 18

35VLK 122 16
35VML 122 9

35VNL 36 12

Siberia 43VEE 34 12
43VEF 34 9

43VFC 134 14

43VFD 134 18

43VFF 134 13

45UUA 5 23

Total 637

1 https://sentinel.esa.int/web/sentinel/technicafjuides/sentinel2-msi/level2a/algorithm
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The comparison procedure worked by first determining the H35 scene corresponding to each
Sentinef2 tile-map by clipping the H35 raster according to the bounding box of each Seatinel
image. Second, we estimated a fractiosabw-cover (FSC) map from Seml-2 at the coarser
NBazfdziAzy 2F lop o0& O02dzydAy3d GKS ydzYoSNI 27
pixel where the percentage of nesnow and norground pixels was above 50% was set to NaN and
was not considered in this evaluatidiolfowing again Piazzi et al., 2019).

Agreement between H35 and Sentifelsed SCA maps was assessed using the Root Mean Square
Error (RMSE):

||' N . oy . 2
- IS (FSChpzs — FSCh s
RMSE = || =2=! ( it n,52)

(1)

whereFSgHssis Fractional Snow Cover on a given piatcording to H35;SEs0is Fractional Snow
Cover according to Sentinel in the same pixeAndN is the total number of pixels across which
RMSE was calculated. We computed RMSE by first aggregating all pixels across all available imac
from the same area of interest and then by bins of FSC according to Sentinel 2 (10% increments an
one class for &C between 0 and 1%, which was assumed to represent bare soil).

6.5.3.2  Results
Spatial patterns

Figure38to Figure41l compare the frequency of H35 and resampled Sentihplxels binned into

11 classes of FSC for all validation areas. These statistics show a relatively large number of pixels
all regions that were classified as either bare soil or fully snow coverdmbtbyproducts. This is
clearly the result of our study regions covering the bulk of the snow season in these temperate
regions, where an alternation of valleys and peaks determine sharp snow lines and large amounts
of both fully snow covered and baground areas.

28§ y20S | O2yaradasSyd GSyRSyoOe 2F {SyidAiaySt w
bare soil than H35 in mountainous regions (EU Alps and California). We relate this finding to the
tendency of resampled Sentinel 2 images to return a sharpesition between snow and renow

areas, as already noted during previous validations. We explain this as because H35 images ar
natively coarser than Sentinel 2, and as such estimates by H35 may be the result of a larger footprint
an effect we attemped to reconstruct for Sentinel 2 by resampling its images at the same spatial
resolution of H35. Moreover, resampled FSC estimates by Sentinel 2 are the proportion of S2 pixel
classified as snow over the sum of all S2 pixels falling in each H35 psxapphbach neglects area
classified as vegetation, which may in fact locally decrease FSC values, and is practically ar
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theoretically different from relating FSC to NDSI. This effect implies some possible overestimation
of actual FSC by our resampled Sentihehages, as clearly seen in the examples above.

Classes distribution

100

ook B H35
I Ssentinel

80

70|

[%]

0
Bare soil 1-10% 11-20% 21-30% 31-40% 41-50% 51-60% 61-70% 71-80% 81-90% 91-100
Classes

Figure38 Frequency of H35 and resampled Sertipidels binned into 11 classes of FSC for California.
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Figure39 Frequency afi35 and resampled Sentiglixels binned into 11 classes of FSC for Finland.
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Figure4Q Frequency of H35 and resampled Seriipadels binned into 11 classes of FSC for the European Alps.
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Figure4l Frequency of H35 and resampled Seriipadels binned into 11 classes of FSC for Siberia.
Discussion of RMSEs

Accuracy requirements for H35 are as follows:

Table77 Root Mean Square Error for the four areas of interest, aggregated considering all snow and soil pixels from &
images between October 1, 2021 and May 31, 2021, as well as between October 1, 2022 and May 31, 2023.

REGION

CALIFORNIA (MOUNT
SIBERIA (FLAT)
FINLAND (FLAT)

EU ALPS (MOUNT.)

H-SAF Accuracy requirements FSC Products

Product requirements

Root Mean Square Error

Score threshold target optimal
Flat/Forested

0, 0, 0,
areas RMSE 40% 20% 10%
Mountainous

0, 0, 0,
areas RMSE 50% 30% 10%

Threshold exceeded by

50 %

RMSE
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Table77 reports RMSEs for the four areas of interest, aggregated considering H35 pixels with valid
FSC from all images. RMSE is larger in California and the EU Alps than in Siberia or Finlar
consistently with a mountainous landscape and a longer snow se®MBE are below threshold

for all regions, thus H35 is successfully validated.

In the followingFigure42 to Figure45 we discuss these results for each region. Generally, RMSEs
increase with Sentin€2 FSC: in California, binned RMSEs exceed the threshold for comparatively
high FSCs, but as discusgedviously, these high FSCs are exposed to suspect overestimations by
Sentinel 2. We conclude that results for binned FSC classes are consistent with expectations an
with global performance scores Trable77, but as expected problems in mountainous regions arise
due to complex topography, compared to the resolution of H35, and also to suspect overestimations
of referenceSentinel data.

FSC RMSE (H35-52A)

S0 o i o
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T
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Bare soil 1-10% 11-20% 21-30% 31-40% 41-50% 51-60% 61-70% 71-80% 81-90% 91-100
Classes

m=m= Threshold == mmTarget HEEEE | Optimal

Figured2 RMSE of H35 in California with regard to Sedtit®C, as a function of Senth&SC.
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FSC RMSE (H35-S2A)
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Figure43 RMSE of H35 in Finland with regard to Se@tk®C, as fainction of Sentinél FSC.
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Figure44 RMSE of H35 in the EU Alps with regard to SénES&l, as a function of Senth&ISC.
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60 - FSC RMSE (H35-52A)
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Figured5 RMSE of H35 in Siberia with regard to SetF@C, as a function of SentRh&SC.

Conclusions

We compared Sentinégl ad H35 FSC maps for the full winter seasons-2022 and 20222023 in
California, Siberia, Finland, and the European Alps. To this end, we downloaded and processed 63
Sentinel2 Level2A S2MSI2A images between October 1, 2021 and May 31, 2022, as well as
between October 2022 and May 31, 2023, across 23 tiles over the four areas of interest. The
comparison was performed in terms of Root Mean Square Errors as proposed by Piaz20a19,

both in terms of average values across all tiles and images and in terms of average results by bins «
FSCs.

Results showed an overall good agreement between H35 and Sentinel 2, with all areas of interest
reporting global RMSEs below the required thresholds. Thus, H35 was successfully validated in
California, Siberia, NW Italy, and Finland, and this result canrthe results of previous ORR and
OR11 validations of H35.
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Annex 1  Annex to the precipitation quality assessment

A.1 Validation strategy, methods and tools

The quality assessment procedure, methodologies and instruments used to assess the
performances of precipitation products are described in this chapter.

A.2 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 the H SAF projget. Precipitation Product Validation
team is composed of experts from the National Meteorological and Hydrological Institutes of
Belgium, Bulgaria, Germany, Hungary, Italy, Poland, Slovakia, and Ttakés/78). Hydrologists,
meteorologists, and precipitation ground data experts, coming from these countries are involved in
the product validation activitie€Table79).

OMsZ

Table78 Structure of the Precipitation products validation team.

Validation team for precipitation products

Name Institute Country e-mail



mailto:M.Petracca@isac.cnr.it
mailto:alexander.toniazzo@protezionecivile.it
mailto:Pierre.Baguis@meteo.be
mailto:Emmanuel.Roulin@meteo.be
mailto:eram.artinian@meteo.bg
mailto:petko.tsarev@meteo.bg
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Geor National Institute of Meteorology an
9y ! St rology Bulgaria | georgy.koshinchanov@meteo.bg
Koshinchanov Hydrology (NIMH)

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

Déra Cséke Hungary | cseke.d@met.hu
(OMS2)

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

Slovensky Hydrometeorologicky Us

. Slovakia | jan.kanak@shmu.sk
(SHMU) : e

WHyY Yzt

SlovenskyHydrometeorologicky Ustd

. Slovakia | luboslav.okon@shmu.sk
(SHMU)

] doz2att @

Slovensky Hydrometeorologicky Us

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

Marian Jurasek

Slovensky Hydrometeorologicky Us

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

Ladislav Méri

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

Table79 List of the people involved in the validation of H SAF precipitation products (PPVG)

A.3 Validation objects and issues

The products validation activity has to serve multiple purposes:

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

1 to characterise the product error structure in order to enable the 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 phase of distribution limited tothe-€o- f f SR G o6 SG | dza


mailto:georgy.koshinchanov@meteo.bg
mailto:rachimow@bafg.de
mailto:krahe@bafg.de
mailto:dioszeghy.m@met.hu
mailto:szenyan.i@met.hu
mailto:cseke.d@met.hu
mailto:Bozena.Lapeta@imgw.pl
mailto:jan.kanak@shmu.sk
mailto:luboslav.okon@shmu.sk
mailto:marian.jurasek@shmu.sk
mailto:ladislav.meri@shmu.sk
mailto:oztopal@itu.edu.tr
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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 precipitation

field (sharing certain aspects with fractal fieldbat poses severe sampling problems.

LG Aa (y2s6y GKFIG Fy F0a2tdziS WaINRdzyR NBTFSNByY
based on comparisons of satellite products wiilropeanground data radar, rain gauge and radar
integrated with rain gauge for case studies analysis. In EDH@h the release of more than 30
productsover the MSG full disk areahe Validation Cluster had to develop new methodologies to
compare precipitation estimates on almost global area coverage. The Associated Scientist analysi
(H_AS16 03 DPC/CMNEAC 2016) has been identified the DPR (DPaquency Precipitation Radar)
onboard of GPMCO (Global Precipitation MeasurementCore Observatory) satellite as worthy
instrument reference for the estimation of instantaneous precipitation on a globalesdal
particular, the 2ADPR FS VODPR was considered as most suitable product for potential use
within the H SAF Precipitation Product Validation activily instantaneous precipitation
estimates.For more details, refer to Sebastianelli, 2017.

For accumulated precipitation productsnstead, thelT C(Brocca et al., 2014) methodology 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 validation methodologies and data used as reference to perform
the comparisons are described.

A.4 Validation methodology of INstantaneous precipitation products over Full Disk coverage
This methodology was developed in communion with European experts belonging to the VC and it
is performed by CNRSAC. All instantaneous satellite precipitation products, with extension area
over FD area, are evaluated following these main steps:

1 regridding of DPR and H SAF data versus a regular 0.5distguice grid;

1 temporal and spatial matching between precipitation products;

1 statistical scores (continuous and mdategorical) evaluation;

The methodology producdarge statistic(both multicategorical and continuous) scores.

DPR products used for validation

The spatial coverage 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 accutasgs discussed in the
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VisitingAssociated analysis in comparison with ground radar netwsebdstianelli2017). The DPR

is aDual frequency Precipitation Radacated on board of the GPM Core Observat@igure46).

It usesthe Ka (~35 GHz) anku bands (~13 GH®) construct threedimensional precipitation and

drop size distributiormaps The GPM Core ObservatqBigure46) flies in a norsunsynchronous

orbit at 65 inclination to cover a larger latitudinal extension with respect to the TRMM orbit, which
extended from 33Sto 35°N. Both Ku and Kaband radars perform crodsack 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 footpria(IFOV) of 5 km in diameter, hereafter named as Full Scan (FS). In
fact, away from the scanning cemfdootprints 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 m. Thiéa-band radar can perform a matched scan (MS) or a bagtsitivity scan
(HS)acquisition mode The MS footprints match the central 25 footprints of teband and the
range resolution is 250 m. Therefore, MS scan is composed of 25 footprints of 5 km in diameter and
the swath is 12%m. 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 $gire
shows the different DPR scanning modes with respect the flight direction.

It must 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 resolution). In additioootiprint 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 other
problems which affectthe DPR estimates, the 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 clutter is ameteorological ebo which causes

an overestimate of precipitations.

DPR products (level 2A) referred to single frequency radar af€l2RAKaMS and 2A&KaHS, as
showed inFigure47. 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 b
related to the FS kband, or to the MS or HS #and, and the corresponding DPR protiufor prEs

are 2ADPRFS, 2APRMS and 2APRHS, respectively. Results of Visiting Associated activity
(Sebastianelli, 2017) highlight as-BRRFS product performs better with respect to grouhdsed

radar estimates. For this reason, the prEs bybER-FS product (hereafter also referred as EFFH

was used as precipitation reference to validate the H SAF satellite precipitation products.
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Ku-band (13. 6 GH2) radar: KuPR and
Ka-band (35.5 GHz) radar: KaPR

KuPR
O KaPR (Matched beam)
© KaPR(High sensitivity beam) o

Figured7. Different DPR scanning modes with respect to the flight direction.
The Normal Scan (hamed Full Scan) correspondsbeEnduadar,
whereas matched and high sensitivity scans are performeebbndeadar.
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Common procedure for the validation with DFFS

The comparison between DHFS and H SAF precipitation products is performed following the
procedure below described.

Selection of synchronous data (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 avoid tiom&suming useless computation.

Data regridding over regular grid

Both, DPR and H SAF data argidded over the same equiistance grid: 0.25° for SEVVRised
products (H60B), while 0.5° for M¥dased products (H68). All satellite parameter (continuous)
values are averaged over the new grid cell. For discrete parasétach as sea/coast/land flag or
precipitation phase flag) the most frequent value is considered.

Temporal and spatial matching between the two regridded data

DPR and H SAF gridded data are tempanadl spatial matched. Only overlapping grid cells with
maximum time difference within £15 minutes (from the average time of validity of the H SAF
product) are stored and evaluated for statistical score analysis.

A.5 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 successfully tested by Brocca et al. (2014). This technique requires thre
wholly independent rainfall datasets on global scale withowt élvailability of groundbased rainfall
accumulation data.

Given three estimates of the same variable, the main assumptions of the TC method are the (i)
stationarity of the statistics, (ii) linearity between the three estimates (vs. the same target) across
all timescales and (iii) existence of uncorrelated erretween the three estimates.

TC provides error and correlations of three products if each of the ones is afflicted by mutually
independent errors.

The main steps of the TC validation procedure are:

1 temporal (daily) and spatial (0.5° x 0.5° grid) matching between three precipitation datasets;
1 TC main procedure;
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1 statistical scores (continuous and mdategorical) evaluation;

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

For more details on the TC main procedure, see the H SAF Visiting Scientist Final Report title
G SOSNI AAy3d O2AYOARSY(d az2AiAf Y2AaGdz2NB Iy R LINX
satellited 8 SR NI Ay FlL ff LINRPRdAzOGAaAe o0& / KSYy Cd | yR |
https://hsaf.meteocam.it/VisitingScientist/GetDocument?fileName=Final Report H AS18 04.pdf

Data and products used

In this analysis, TC is applied to the rainfall accumulation estimates derived from H SAF satellite
product and by GPCC (Global Precipitation Climatology Centre,

https://climatedataquide.ucar.edu/climateata/gpceglobalprecipitation-climatologycentre) and
GLDAS (Global Land Data Assimilation Systps.//I[das.gsfc.nasa.gov/gldaprojects.

GPCC

The GPCC provides gridded gaagalysis productderived from qualitycontrolled station data. In

this analysis is used the GPCC First Guess Daily Product (hereafter named as GPCC): daily global I
surface precipitation based on the station database (SYNOP) available via the Global
Telecommunicationy&tem (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/longiide grid with a spatial resolution 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 DOI:5676/DWD_GPCC/FG_M_10be temporal
coverage of the dataset ranges from January 2009 to the most recent month for which GTS basec
SYNOP data is available, i.e. the previous monrfhgd8ys after its completion. Figure48is shown

an example of spatial extension aresolution of the GPCC product.



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
http://dx.doi.org/10.5676/DWD_GPCC/FG_M_100
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GPCC Monitoring Product Gauge—Based Analysis 1.0 degree
precipitation anomaly for May 2012 in"mm/maonth
(deviation from normals 19%1 /2000) (grid based)
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Figure48 Example of data available in GPCC. The daily precipitation data used in TC methodology have the spatial ex
as shown in the figure and the spatial resolution of 1.0 degree

GLDAS

NASA Global Land Data Assimilation System Version 2 (@).b#sSthree components: GLDAS,
GLDAL.1, and GLDA&2. GLDAS.0 is forced entirely with the Princeton meteorological forcing
input data and provides a temporally consistent series from td&igh 2014.

GLDAR.1 is forced with a combination of model and observation data from 2000 to present.
GLDA&.2 product suites use data assimilation (DA), whereas the GRDA&d GLDA&1
products are "operoop" (i.e., no data assimilation). Tlehoice of forcing data, as well as DA
observation source, variable, and scheme, vary for different GIZDA&oducts.

The 3hourly data product was simulated withe 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 January 2000 to present.

In this analysis GLDASL data are used. These data are archived and distributed in NetCDF format
(DOI:10.5067/E7TTYRXPJKWOQ)Figure 49 is shown an example of spatial extension and
resolution of the GLDAS product used.
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Figure49 Example of data available in GLDAS. ‘hloerdy precipitation data used in TC methodology have the spatial
extent as shown in the figure and the spatial resolution of 0.25 degree

GLDAS 2.1 uses GPCC observations via the ingestion of the disaggregated Global Precipitatit
Climatology Project (GPCP) V1.3 Daily Analysis precipitation fields. In order to assess whether thi
has an impact othe TCanalysis, pixebased cros€orrelated errors between GPCC and GLDAS by
quadruple collocation (QC) analyksve been calculate(Perdicca et al., 2015, Gruber et al., 2016)
using GPCC first guess data, GLDAS 2.1, ERA5 and SI3RAINderived daily rainfall at the global
scale. QC is a viablvay to estimate the crossorrelated errors between twof the datasets
included in the quadruplefsee Chen et al. 2020).

The analysis hdseen carried out at 0.25° of spatial resolution for the year 2017. Despite the use of
a single year, the analysis shows thaidss correlated errors betwedBPCC and GLD&® very low
(R=0.05 in median). If we zoom over the H SAF Extended Area (HEA)iha walue decreases to
0.044 (sed-igures0andFigure51). 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 datasets used for performing the analysis and thus, should allase t6C
analysis for validating H SAF products not only over the HEA, but also at the global scale.












































































































