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Figure 28: RN-MHS monthly accuracy evaluated respect to DSRover MSG full disk coverage for Land (a)
and Sea (b) areas. The results over Full Disk area is shown in the panel c). Backgroundhtiglot's hig
the accuracy defined by User Requirements in terms of FSE score. The horizontal black dotted lin
indicates the mean value. The composition of the FD results in terms of different surface types (sea, lan
and coast) is Shown iN PaNELld...........ooii e a e e e e e e e e 83

Figure 29: IN-SEVIRI annual validation using Radar (a) and Gauge (b) as ground reference. The Overa
validation is shown in the panel &ackground colours highlight the User Requirement thresholds. The
horizontal black line indicates the accuracy value computed for the full period. The single ground
contributions are displayed in the panel.d)............ccccc i 87

Figure 30: RAN-SEVIRI monthly accuracy evaluated respect teNI®?Bver MSG full disk coverage for Land
(a) and Sea (b) areas. The results over Full Disk area is shopamel ¢). Background colors highlight
the accuracy defined by User Requirements in terms of FSE score. The horizontal black dotted lin
indicates the mean value. The composition of the FD results in terms of different surface types (sea, lan
and coad) is ShOWN IN PANEI ... e a e e e e a e e e e e e e a e 90

Figure 31: AGSEVIRI over 24h annual validation using Radar (a) and Gauge (b) as ground reference. Th
Overall validation is shown in the panel ¢). Background colours highlight the requirement thresholds as
reported in Table 50. The horizontal black line indicates the accuracy value computed for the full period.
The single ground contributions are displajyrethe panel d)...............oooo i, 924

Figure 32: Monthly validation results (June 2048y 2020) in terms of CC (UR) score obtained byP-%@
SEVIR(24h) product (blue bars) using the TC methodology. Background colours highlight the UR
LT =TS 0] 0 P RRPRRPTPRPRRR 97

Figure 33: RN-SEVIRCOannual validation using Radar (a) and Gauge (b) as ground reference. The Overall
validation is shown in the panel c). Background colours highlight the User Requirement thresholds as
reported inTable 58The horizontal black line indicates the accuracyerabmputed for the full period.

The single ground contributions are displayed in the panel.d)...........cccoooiiiiieee, 101

Figure 34¢t S| NE@rglddian coefficient between in situ observations and the test data set for the
different hydrological years. The tick magenta line refers to the validation for theZP® period.

Figure 338Box plots of CC values between in situ observations add/AS4 for the period 20196-01 until
202005-31. The surface SM scores are on the left and include the CC and anomaly CGt-Adrero
SM scores are on the right and include the CC only (anomaly CC not relevant for-iomedat... 106
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Figure 36Summary of vadlation results of H14 NRT for the period 2@801 until 202605-31. The
percentage of noivalid is shown for global map. The valid results are further divided into the pre
defined thresholds. The map on top depicts the spatial distribution of theetiffgroups............. 107

Figure 37The boxplots indicate the distribution of the quality benchmarks globally and just.for.....108

Figure 38Summary of validation results of H16 NRT for the period -P618L until 202605-31. The
percentage of nowalid and valid results split into the committed and neoommitted product area.
The valid results for both areas are further divided into thedafined thresholds. The map on top
depicts the spatial distribution of the different groups............cccceeviiiiiiieie e 109
Figure 39The boxplots indicate the distribution of the quality benchmarks globally and just.for......110
Figure 40 Summary of validation results of HL101 NRT for the periodOBdID until 202605-31. The
percentage of nowalid and valid results is split into the committed and+4sommitted product area
The valid results for both areas are further divided into thedafined thresholds. The map on top
depicts the spatial distribution of the different groups..........eeeevveviiii e, 111
Figure 41The boxplots indicate the distribution of the quality benchmarks globally and just.for.....112
Figure 42 Summary of validation results of H102 NRT for the periodOBdID until 202605-31. The
percentage of notvalid and valid results is split into the committed and+ommitted product area.
The valid results for both areas are further divideb ithe predefined thresholds. The map on top
depicts the spatial distribution of the different groups................cooo i, 113
Figure 43The boxplotsndicate the distribution of the quality benchmarks globally and just.far........ 114
Figure 44 Summary of validation results of H102 NRThéoperiod 20196-01 until 202605-31. The
percentage of nowalid and valid results is split into the committed and+4ommitted product area.
The valid results for both areas are further divided into thedafined thresholds. The map on top

depicts he spatial distribution of the different groups............c.eeeveeiriiiiieeee e 115

Figure 49 ocation of in situ stations used for the validation of the test deta.................................. 116

Figure4d SI NAE2y Qa O2NNBf I GA2y O2STFFAOASYlU o0SG6SSy Ay
hydrological years. The tick light blue line refers to the validation for the-202%eriod............. 119

Figure 47 SMDAS2 production chai based on ASCAT surface soil moisture data assimilation in the ECMWF
Land Data ASSIMIlation SYSTEIM.........ooiiiiiiiiiii i 121

Figure 48 Hydrology Tiled M@/F Scheme for Surface Exchanges over.Land................coccovvvvveeennnn. 122
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Figure 51: Map of Belgium with the watershed of the Demer at Molenstede.............cccccccvvvrernnnnee. 130

Figure 52: Saturation percentage of the-BMS2 first soil layer (red) and of the SCHEME upper layer (blue)
for the Demer (June 20IBAAY 2020)......ccoeeiiiii ettt e e e e e e e e e e e e e e e e e aaaaaaaaaaeans 131

Figure 53: Saturation percentage of the -BIMS2 first three layers (weighted average in green) and the
SCHEME lower layer (blue) (June 20M8Y 2020).........uuueeemeieiieeiiieeiiaaeaaeeae e e e e e 132

Figure 54: Map of automatic stations used for the statistical validation of H14.data..................... 133



Doc. No: SAF/HSAF/OpRep/2020_S1_S2
EUMETSAT OperationsReport Version: 1.0
H SAF 2020 S1/s2 Date:25/06/2021

Page:14/226

Figure 55: Monthly anomaly of H SAF-BRIS2 (H14) from the long term mean 192019 (LTM based on
combination of H27 and H14 H SAF products) for the driest/stett®nth in reporting period. H14
layers 1,2 and 3 are summarized (SWIANO_0_100). Black circles indicate location of Lysimeter statio

GbASRSNBSNIKE YR FNBIF F2NJ aLJI dAFf |3IaANBIFGAY
depicted semiransparer (Data: EUMETSAT H SAF; evaluation:.BfG)................cccceceeicinnnnns 137

Figure 56: Daily aggregated ombrometer precipitation (mm) at the Lysimeter stationsifip&s and
LYSIMELET WEIGNT. ....eeeeieeeiie ettt e e s e e e e e e s e e e e e e s b e e e e e e e e anan 139

Figure 57: Daily means of standardized Lysimeter TDR signals at four depths in the validation. p489
Figure 58: Daily means of standardized Lysimeter weight and TDR signal in the validation.period 40
Figure 59: Standardized H14 SWI at four depths in the validation periad...............ccccvevveeerininnnn. 141
Figure 60: Standardized integrated H14 SWI at two layers in the validation period...................... 141
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Figure 63: Location of the in situ soil moiststations available for this study for the rembne, covering a
large variety of soil types, land cover types and climate conditions over the US (top) and France (bottom)
Also shown is the CC for each site between the in situ data asiiAS®I for the rat-zone layer...148

Figure 64: lllustration of soil moisture products time series for a station belonging to the SMOSMANIA network
for a) Surface SM and b) Rexine SM. The in situ data are in blue and H14£&2 is in red...149

Figure 65: Box plots of CC valbetwveen in situ observations and SMS2 for June 2019 to May 2020. The
surface SM scores are on the left and include the CC and anomaly CC. ‘Ebeeddil scores are on

the right and include the CC only (anomaly CC not relevant for theone)..............ccccevveeveeneen. 157
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Figure 76 RMSE and bias of H12 with regard to Senti2efFSC, as a function of Senti®eFSC: Apennines

(left) and Belarus (FGNT).........oovi e e e 175
Figure 7RMSE and bias of H12 with regard to Senth2FSC, as a function of SentixFSC: Norway (left)

ez Yo Lol a1 F= o o I (4o ] 11 PP EEPPPTPPPR 175
Figure 785now course locations in FiNland.............oiii e 178
Figure 7%catterplot of SYKE snow course SWE vs. H13 SWE estimate.............ccccvveeeeeiiiinnnnnnnn. 179
Figure 805catterplot of SYKE snow course SWHIBSWE estimate.........ccccvvvvviveiieeiieeeeeriieieeeeeeeenn. 180

Figure 81Considered SENtIRBILIES. ............oooo i a e e e e e e e e e 186



Doc. No: SAF/HSAF/OpRep/2020_S1_S2
EUMETSAT OperationsReport Version: 1.0
H SAF 2020 S1/S2 Date:25/06/2021

Page:16/226

1 LY {iNRRdAzOUA2Z2Y

1.1 Purposeof the document

The purpose of the document is to provide a report of #gineering aspects of thel SAF
operationsfor the first and secongsemesterof 2020 (from 01/01/2020 to 31/12/2020It includes
performance statistics dl SAperational productsThe results of quality assessment and hydro
validation of operational productsre also included ceving the period from 01/06/2019;
31/05/2020.

1.2 Document overview
Thefollowing sections @mpose the present document

Section2: the overview of the object of the report is provided; expected performances and
monitored products are the object of the omaew.

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

Sectiond: the dza SféeBback received from the communities and from the web.site
Sections: The HSAF produdquality assessmerior covering the period 01/06/2018 31/05/2020

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

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

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

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

SAF_HSABPRep<YYY¥ SXx> <v> <r>

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

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

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

Current report 2020S1/S2) covesfollowing periods:

Operations aspect in this report Covered period

Engineering aspects (system performances) from 01/01/2020to 31/12/2020

Quality Assessment and Hydrovalidation impact| 01/06/2019¢ 31/05/2020.

2.3 Products list

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

Identifier [ Acronym | Name Type Operational Status history

Precipitation products

HO1 new | PROBS1 | Precipitation rate at ground by NRT Operational since July 2013
rel. new rel. MW conicalscanner
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Identifier [ Acronym | Name Type Operational Status history
Precipitation rate at ground by NRT Operational since October 2019
HO02B PROB=2B
MW crosstrack scanners
Precipitation rate at ground by NRT i )
HO3B PROBS3B - Operational since Apr019
GEOI/IR supported by LEO/MW
Accumulated precipitation at NRT i ) i
HO5B PROBS5B - Operational since April 2019
ground by blended MW and IR
Blended SEVIRI Convection areg NRT Preoperational since midune 2015
H15A PROBS6A | / LEO MW Convective
Precipitation
Soil Moistureproducts
Smaliscale surface soil moisturg NRT Preoperational since H SAF
HO08 SMOBS2
by radar scatterometer Development Phase
Hi6 SSQ/' ’\/I*RST?AT Metop-B ASCAT NRT SSM orbi NRT Operational since June 2016
0125 geometry 12.5 km sampling
H1o1 SSmSRCTA-T Metop-A ASCAT NRT SSM orbi NRT Operational since June 2016
0125 geometry 12.5 km sampling
H102 ssM AscA] Metop-A ASCAT NRT SSM orbi NRT Operational since June 2016
A NRT O25| geometry 25 km sampling
H103 ssM AscA1 Metop-B ASCANRT SSM orbit NRT Operational since June 2016
B NRT 025| geometry 25 km sampling
Soil Moisture Profile Index in the NRT Operational since June 2012
roots region retrieved by surfacq
H14 SMDAS2
wetness scatterometer
assimilation method
Snow products
Snow detection (snow mask) by NRT Operational since November 2011
H10 SNOBS1 .
VIS/IR radiometry
Snow status (dry/wet) by MW NRT Operational since midDecember 2013
H11 SNOBS2 .
radiometry
Effective snow cover by VIR NRT Pre-operationalsince November 2012
H12 SNOBS3 .
radiometry
Snow water equivalent by MW NRT Operational since November 2012
H13 SNOB#A .
radiometry
H31 SED- Snow detection for flat land NRT Operational in H SAF since February
SEVIRI (snow mask) by VIS/NIR of SEV 2019 (previouslpperational in LSA SAR
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Identifier [ Acronym | Name Type Operational Status history
SEG Snow detection for flat land NRT Operational in H SAF since February
H32 AVHRR (snow mask) by VIS/NIR of 2019 (previously operational in LSA SA

AVHRR

Tablel: H SAFoperationabr preoperationaproducts list
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2.4 Commitments related to Product Requiremerdad NRT Production
Operational | Other Spatial
ID Product Name Acronym | Satellite Operational | Format Cgverage Spatial Resolution| Threshold Accuracy Target Accuracy Optimal Accuracy
Input Data | Input Data
SSMI ang SSM/I (on H SAR Resolution Changing with precipitatiorf Changing with Changing with
o SSMIS ol DMSP15) and extend::ia char?g?ng_with type: ) precipita{ion type: precip'tation type:
HO1 | Precipitation rate gt PROBSL DMSP (SSl\f AMSRE (on 10 Africa preupl'Fatlon type: | olon:n:m FT2NI B |0 vy na":m T2N B |w H p T2NJ
new |ground by MWconical | on DMSP unti EOSAqua) BUFR d 30kminaverage | MH /E210 AT M M psl0 MNI N o  p ER-10TmEni)
rel. | scanner NEWTEL | Nov. 2011 ¢ 22uthern Sampling: 16 km {w HNE: F2NJ flo mMnp: FT2N fw dE: F2N
no longer Atlantic
available)
AMSUA and H SAF ared Resolution RR > 1 mm/h FSE% = 204 RR> 1 mm/h FSE% = 150 RR > 1 mm/h FSE%
AMSU/B on extended changing a_llong thg 100%
NOAA (up to . scan: varying from
NOAAL7) Afca | 16 16 km2 /
Precipitation rate at AMSU/A and 223thern circular
HO02B | ground by MW cross | PROBS2B | MHS on BUFR Atlantic: at nadir to 26 x 52
track scanners gﬁ?ﬁ:to LAT 60°S (I;rd’nze/ oval at scan
p 75°N, g
SV\glrI]aet?le) and LON 60°W/| Sampling 16 km
NOAAL8/19 -60°E
H SAF ared Resolution RR > 1 mm/h FSE% = 200 RR > 1 mm/h FSE% = 15( RR > 1 mm/h FSE% 1
d chang_es across th 100%
SEVIRI on exten_ded Eull Disk from 3
MSG to Africa | km near the
Precipitation rate at Precipitation and subsatellite point
HO3B ground by GEO/IR P-IN- rate at GRIR southern | tg 8 km on
supported by SEVIRI | ground by Atlantic: | average over
LEO/MW MW (e.g. P LAT 60°S | Europe.
IN-SSMIS, P 67.5°N, Samolin
IN-MHS) LON 60°w| S&MPIng
-60°E dependent of

SEVIRI IFOV
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Operational | Other Spatial
ID Product Name Acronym | Satellite Operational | Format Cgvera e Spatial Resolution| Threshold Accuracy Target Accuracy Optimal Accuracy
Input Data | Input Data 9
H SAF are{ Resolution: ~30| RR>1mm/24h FSE% 3 RR >1mm/24h FSE%{ RR > 1 mm/24h FSE|
with km 200% 150% =100%
extension | Sampling5 km in
Accumulated Precipitation to Africa average
recipitation at P-ACG rate at ground and Sampling
HO5B P GRIR2 | southern dependent of
ground by blended SEVIRI (e.g. PIN- Atlantic: SEVIRI IFOV
MW+IR SEVIRI) o
LAT 60°S
67.5°N,
LON 60°W,
-60°E
S Resolution Changing with precipitation Changing with Changing with
Precipitation changing cross | type: precipitation type: precipitation type:
rate at ground Europe:8kmin |, x= F2NI B |0 ym: F2NJ B |0 Hp: F2NI
Blended SEVIRI SEVIRIon | BYMW (eg. average i .
Convection area / LE( PROBS1. PR . | W M H !'IﬂI%lO rﬁrﬁ/l‘NJ w M N p&le fﬁrﬂ/l‘NJ N W o] IERE-IOWNJ
H15A PROBSG6A | MSG ; GRIR2 | H SAF ared Sampling: 5 km in
MW Convective 0BS2) § >amping: W HnE: F2NI flo mnp: F2NJ Ao ¢r: T2 NI
o . average
Precipitation Convective i
cloud Mask Sampling
(NEFODINA) dependent of
SEVIRI IFOV
Resolution Correlation coefficient (CC| Correlation coefficient Correlation coeftient
resulting from 0.50 (CC): 0.65 (CC): 0,80
Smaliscale surface ASCAT on disaggregation
HO08 | soil moisture by radar| SM-OBS2 SAR imagery [ BUFR | H SAF areg ggreg
Metop starting from 25
scatterometer km
Sampling: 0.5 km
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Operational | Other Spatial
ID Product Name Acronym | Satellite Operational | Format C'ca)vera e Spatial Resolution| Threshold Accuracy Target Accuracy Optimal Accuracy
Input Data | Input Data 9
Horizontal Correlation coefficient (CC| Correlation coefficient Correlation coefficien
resolution: 25km | 0.50 (CC): 0.65 (CC): 0,80
Soil Moisture Profile Values Vert|ca|rgso|ut|on:
) A 4 layers in the
Index in the roots in grid range surface
H14 |/eOiONretieved by | gy aey |ASCATON Igppiing  |POMS | Giobal | t02.89m: layen
surface wetness Metop ona (0-7cm), layes2
scatterometer Gaussia (7-28ch) I)ally o
assimilation method grid (28-100cm) and
layer4 (100
289cm).
Resolution: 284 | Signal to noise ratio: 0 dB [ Signal to noise ratio: 3 dB| Signal to noise ratio:
Metop-B ASCANRT SSM ASCAT on km x 2534 km dB
H16 | SSM orbit geometry ASCAB Meton B BUFR Global ) o
12.5km sampling | NRT 012.4 "€tOP Spatial sampling:
12.5 km
Resolution: 284 | Signal to noise ratio: 0 dB | Signal to noise ratio: 3 dB| Signal to noise ratio:
Metop-A ASCANRT SSM ASCAT on km x 2534 km dB
H101 | SSM orbit geometry ASCARA Metop A BUFR Global ) o
12.5kmsampling | NRT 012.4 "€ °P Spatial sampling:
12.5 km
Resolution: 50 km| Signal to noise ratio: 0 dB | Signal to noise ratio: 3 dB| Signal to noise ratio:
Metop-A _ASCANRT SSM ASCAT on x 50 km dB
H102 | SSM orbit geometry | ASCARA Meton A BUFR | Global ) .
25 km sampling NRT 025 P Spatial sampling:
25 km
Resolution: 50 km| Signal to noise ratio: 0 dB | Signal to noise ratio: 3 dB| Signal to noise ratio:
Metop-B _ASCAT NRT] SSM ASCAT on X 50 km dB
H103 | SSM orbigeometry ASCAB Meton B BUFR Global ] .
25 km sampling NRT 025 P ggi“a' sampling:
m
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Operational | Other Spatial
ID Product Name Acronym | Satellite Operational | Format P Spatial Resolution| Threshold Accuracy Target Accuracy Optimal Accuracy
Coverage
Input Data | Input Data
SEVIRI pixel POD: POD: POD: 99 %
. SEVIRI on resolution and grid Flat/Forested areas: 80 % | Flat/Forested areas: 85 % FAR: 5 %
Snow detection (snow MSG Mountainous areas: 60% [ Mountainous areas70%
H10 :r;zis;)ntngIS/lR SNOBSL Meteosatd HDF5 H SAF areg FAR: FAR:
y Flat / Forested areas: 20 9 Flat/Forested areas: 15 %
Mountainous areas: 30% | Mountainous areas: 20%
Resolution: ~ 20 | Hit Rate (HR): 60 % Hit Rate (HR): 80 % Hit Rate (HR): 90 %
Snow status (dry/wet) AMSRE on ) . )
H11 by MW radiometry SNOBS&2 EOSAqua HDF5 H SAF ared km False Alarm Rate (FAR): 2 False Alarm Rate (FAR): | False Alarm Rate
Sampling: 20 km | % % (FAR): 5 %
Effective snow cover AVHRR on Resolution: 2 45% (Overakccuracy) 65% (Overall accuracy) | 95% (Overall
H12 : SNOBS3 | NOAA and HDF5 H SAF ared km, Sampling:0.01 accuracy)
by VIS/IR radiometry
Metop degrees
Resolution:~20 |w Cf I G «k C2Nw CFdrebtediareas: |[w Cf I G «k
Snoyv water SSMIS on km 40mm 20mm areas: 10mm
H13 | equivalent by MW SNOB# HDF5 H SAF ared ) p P P
radiometry DMSP Sampling:0.25 |w az2dzyilAy2diw az2dzyidlAy2dw az2dzyil Ay
degrees 45mm 25mm 15mm

Table2: Commitments related to Product RequiremeMiain characteristics
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ID Product Name Acronym | Generation frequency Timeliness
Precipitation rate at ground by MW Up to six passes/day in the interva
HO1 new . p g y PROBS1 06-12 and 1824 UTC 2.5 hours
rel. conical scanner new rel. i
Observing cycle over Europe: ~ 10
o Up to six passes/day with somewh
HO2B Precipitation rate at ground bW PIN-MHS | iregular distribution across the day 5 5 hours
crosstrack scanners Observing cycle over Europe: ~ 5 |
Every new SEVIRI image 1&tmin
Precipitation rate at ground by P-IN- intervals) .
HO3B 15 min
GEO/IR supported by LEO/MW SEVIRI Observing cycle over Europe: 15 n
o Four products (integrals over 3, 6,
HO5B Accumulated precipitation at ground P-AG and 24 h) every three hours (rolling 25 min
by blended MW+IR SEVIRI Observing cycle over Europe: 3 h
Every new SEVIRI image (at 15 mi
H15A Blended SE\/_IRI Conygctlpn area/ | PROBSGA | intervals) 15 min
MW Convective Precipitation )
Observing cycle over Europe: 15 n
On completion of each orbit at 100
Smaliscale surface soil moisture by min intervals, through the intervals .
HO8 radar scatterometer SMOB=2 07-11 and 123 UTC 130 min
Observing cycle over Europe: 36 h
Soil Mois.ture Prpfile Index in the Model output at 24h intervals
H14 roots region retrieved by su_rfa_lce. SMDAS? | Observing cycle ~ 24 h (NWP mod| 24 to 36 hourd
wetness scatterometer assimilation L o
method assimilation / stabilisation process)
. ssM | On completion of each orbit.
H16 Mee;gqpéﬁ Alszcg-krmNsR;msﬁgﬂ orbit ASCAB |Each orbit lasts 101 minutes 2 hours
9 y Le pling NRT O12.9 (orbital period), resulting in ca. 14
_ ssSM | orbits/day. Observing cycle over
H101 Mee(:?npe-:tar\ AlszcE?-krmNz;rmSﬁrl:ﬂ orbit ASCAT | Europe: 36 h (full geographical 2 hours
9 y e piing NRT 012.9 coverage).
. ssM | On completion of each orbit.
H102 Meec:?npe_ﬁ Azssclfr;rslﬂfn-r “Snsm't ASCAT | Each orbit lasts 101 minutes 2 hours
9 y piing NRT O25] (orbital period), resulting in ca. 14
_ ssMm | orbits/day. Observing cycle over
H103 Mee(:?npe-t? Azssclfn;rsl\;i-r ”SnSM orbit ASCAB | Europe: 36 h (full geographical 2 hours
9 y ping NRT O25| coverage).
Snow detection (snow mask) by o
utput result every 24 h
H10 VIS/IR radiometry SNOBSL P y 3 hours
H11 anw status (dry/wet) by MW SNOBS? | Output result every 24 h 6 hours
radiometry
H12 Effective snow cover by VIS/IR SNOBS3 | Output result every 24 h 3 hours

radiometry
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ID Product Name Acronym | Generation frequency Timeliness

After each AVHRR pass, then mul
temporal analysis for cloufiee
pixels

Output result every 24 h
Snow water equivalent by MW

H13 . SNOB#4 | Assimilation ofSSMI/S brightness |6 hours
radiometry _ _
temperatures in a background field
Snow detection for flat land (snow SED-
Output result every 24 h
H31 | mask) by VISINIR of SEVIRI SEVIRI P y 3 hours
Snow detection for flat land (snow SEG
Output result every 24 h
H32 | mask) by VISINIR of AVHRR AVHRR P y 3 hours

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

The availability (endo-end) of theproducts 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 parameters to generate the metrics:

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

The Successful ProductioSH counts the amount of products successfully generatedd
disseminated within theexpectedtimeliness of eactNRTproduct (the results will be shown both
on a monthly and serannual basis For the offline productsthe value of timeliness will not be
taken into account for the computation of SP value. In this case the SP represetdsalhamount
of products generated and disseminated via FTP.

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

SR< 95% PP :SRK i dcriSRK M

3.2 EUMETCast Dissemination Timeline

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

- HO3 and HO8 dissemination via EUMETCast has been activated on 15/04/2011.

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

- HO4 and HO5 dissemination via EUMETCast has been activated on 27/03/2013; HO04
dissemination stopped since thé"®f November 2015 because H04 was declared asirosf
product on 16 of June 2015 (following the outcomes of the H SAF CDOP2 ORR1 part5 approvec
by H SAF Steering Group).

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

- H11 dissemination via EUMETCast has been activated on 24/07/2014 (H11 become operationa
from December 2013 and the dissemination via EUMETCast was started emdhef July.
Activation of H11 dissemination via EUMETCast has been postponed due-tiesige of the
software to handle the uploading of H SAF products on the EUMETSAT FTP server. This activil
whose conclusion was scheduled for the beginning of Fetgra013, has suffered delays that
led to the beginning of the test for disseminating of H11 to July 2013).
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H15 was officially declared as poperational on 18 of June 2015 (following the outcomes of
the H SAF CDOP2 ORRL1 part5 approved by H SAF S&retpy The trial dissemination has
been activated on theslof July 2015 with the support of EUMETSAT staff. The announcement
to the users has been published ofi 8 October 2015 and the related starting of the operative
dissemination has been activated on*2if October 2015 as final step of the trial period.
"Snow Cover" (H31) and "EPS Daily Snow Cover" (H32) declared operational o ofidig
2018

HO2Bwas officially declared operative on the@f October 2019

HO2A was dismissed on the1@f October 2019

HO3B and HO5B was officially declared operative from tiedfMarch 2019

HO3A and HO5A were dismissed on teApril 2019

Product

2017 2018 2019 2020
JFMAMJJASOND[JFMAMJJASOND[JFMAMIJASOND[JFMAMIJASOND

HO2A

HO8

H14

H16

H101

H102

H103

H16

H101

H102

H103

H10

H11

H12

H13

1] |
1] |
1] |
1] |
1] |
1] |
1] |
1] |
1] |
1] |
1] |
1] |
1] |
1] |
] |
n the p

Figurel: imelingreen the dissemination period via EUMETCast
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3.2.1 Overall products generatiorand success rate
The following table show the overall results of products generation and performafocehe two
semesters ofeview period.

Whole period performance

Product Semester 2020-S1
ID Old Acronym New Acronym EP SP
ne'jvofel' Eiﬁz?'l P-IN-SSMIS 8388 8196
HO2B P-IN-MHS 17472 | 16313
HO3B P-IN-SEVIRI 17472 | 16313
HO5B P-AC-SEVIRI 5824 5024
H15A PR-OBS-6A P-IN-SEVIRI-CO | 17206 | 16717
Hos SM-OBS-2 SSM-ASCAT-B NRT PIB127 8100
H10 SN-OBS-1 SE-E-SEVIRI 182 181
H11 SN-OBS-2 WS-E 182 178
H12 SN-OBS-3 FSC-E 182 181
H13 SN-OBS-4 SWE-E 182 181
H31 SE-D-SEVIRI 182 180
H32 SE-G-AVHRR 182 180
H14 SM-DAS-2 182 182
H16 SSM-ASCAT-B NRT 012.5 87360 | 87156
H101 SSM-ASCAT-A NRT 012.5 87360 | 86730
H102 SSM-ASCAT-A NRT 025 87360 | 86730
H103 SSM-ASCAT-B NRT 025 87360 | 87156
AVERAGE

(*) N.O. = Noperational
Tabled: Overall products generation and success(fst8emeste202(
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Whole period performance

Product Semester 2020-S2
ID Old Acronym New Acronym EP SP SR
ne|:vO|:'LeI. ZF;\'NOrBeIS_'l P-IN-SSMIS 9016 8956
HO2B P-IN-MHS 5520 5466
HO3B P-IN-SEVIRI 17664 17622
HO5B P-AC-SEVIRI 5888 5886
H15A PR-OBS-6A P-IN-SEVIRI-CO | 17664 17598
HO8 SM-0OBS-2 SSM-ASCAT-B NRT PIS8238 8197
H10 SN-OBS-1 SE-E-SEVIRI 184 181
H11 SN-OBS-2 WS-E 184 177
H12 SN-OBS-3 FSC-E 184 184
H13 SN-OBS-4 SWE-E 184 183
H31 SE-D-SEVIRI 184 184
H32 SE-G-AVHRR 184 184
H14 SM-DAS-2 184 184
H16 SSM-ASCAT-B NRT 012.5 88320 88179
H101 SSM-ASCAT-A NRT 012.5 88320 88018
H102 SSM-ASCAT-A NRT 025 88320 88018
H103 SSM-ASCAT-B NRT 025 88320 88200
AVERAGE

Where:

(*)D = Dismissed

Table5: Overall products generation angtcess rate (2SemesteR020

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

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

Success Rate (whole period)

99,1% 1000
K 09 5% o055, S G
ok g o7 q A > R =
a— a7 2% -

99, 3% 99,3%
-

a95,0% 93,4% a3,4%

90,0%

RE,3%

B

75,0%

70,0%
H1 HOZR HO3R HOSR H154 H& HiO H11 H1Z H13 H31 H32 H14 H16 H1M Hi02 H1A
new rel.

Figure2: Overall success rafper product and totalreraggi 1st SemesteP020

Success Rate (whole period)

nﬂ)q TR oo g3 100,05 6% 99,5% 100,0% —_ 100,0% 100,08 100,0% 94 A% - a1 95
100,09 F S — 98,4% —— = — a— o
——
96, 2%
o5,0%
a0,0%
85,0%
BULU%
75,0%
B | | | | B | B B B 7

70.0%
HoL Hoz8 HO3E HO=8 H15A HOg H10 H11 H12 H13 H31 H32 H14 H16 H101 Hio2 H103
riew rel.

Figure3: Overalbuccess ratéper product and total averag@d SemesteP@0
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3.2.2EUMETCast dissemination

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

Product Products disseminated via FTP
ID Old Acronym New Acronym | 2020-01 | 2020-02 | 2020-03 | 2020-04 [ 2020-05 [ 2020-06 TOT
nevvos-el. EE\"VOzT’_'l P-IN-SSMIS 1495 | 1200 | 1319 | 1400 | 1390 | 1470 | 8364
HO2B P-IN-MHS 930 862 919 872 930 900 5413
HO3B P-IN-SEVIRI 2955 2706 2862 2811 2950 2103 16387
HO5B P-AC-SEVIRI 833 830 941 738 836 872 5050
H15A PR-OBS-6A P-IN-SEVIRI-CO | 2907 2695 2911 2722 2775 2769 16779
HO8 SM-OBS-2 SSM-ASCAT-B NRT DIS1385 1296 1391 1338 1389 1326 8125
H10 SN-OBS-1 SE-E-SEVIRI 31 29 31 30 31 29 181
H11 SN-OBS-2 WS-E 31 28 31 30 31 27 178
H12 SN-OBS-3 FSC-E 31 29 31 30 31 29 181
H13 SN-OBS-4 SWE-E 31 29 31 30 31 29 181
H31 SE-D-SEVIRI 31 29 29 30 31 30 180
H32 SE-G-AVHRR 31 29 29 30 31 30 180
H14 SM-DAS-2 31 29 31 30 31 30 182
H16 SSM-ASCAT-B NRT 012.5 14856 | 13918 14794 14396 14877 14315 | 87156
H101 SSM-ASCAT-A NRT 012.5 14855 | 13889 14374 14390 14853 14369 | 86730
H102 SSM-ASCAT-A NRT 025 14855 | 13889 14374 14390 14853 14369 | 86730
H103 SSM-ASCAT-B NRT 025 14856 | 13918 14794 14396 14877 14315 | 87156

Table6: Products dissemination via EUMETCastSemester 2020
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Product Products disseminated via FTP
ID Old Acronym | New Acronym | 2020-07 | 2020-08 | 2020-09 | 2020-10 | 2020-11 | 202012 | TOT
ne'jvorlel_ Zifz?'l P-IN-SSMIS 1519 1519 1470 1519 1469 1519 | 9015
HO28B P-IN-MHS 921 923 900 903 895 927 5469
HO3B P-IN-SEVIRI 2963 2975 2880 2967 2874 2963 | 17622
HO58 P-AC-SEVIRI 991 992 960 992 960 991 5886
H15A PR-OBS-6A P-IN-SEVIRI-CO | 2968 2972 2880 2969 2872 2940 | 17601
Ho8 SM-OBS-2  |SSM-ASCAT-B NRT pIS1384 1383 1346 1379 1349 1367 | 8208
H10 SN-0BS-1 SE-E-SEVIRI 31 28 30 31 30 31 181
H11 SN-OBS-2 WS-E 31 26 30 30 30 30 177
H12 SN-OBS-3 FSC-E 31 31 30 31 30 31 184
H13 SN-OBS-4 SWE-E 31 31 30 30 30 31 183
H31 SE-D-SEVIRI 31 31 30 31 30 31 184
H32 SE-G-AVHRR 31 31 30 31 30 31 184
H14 SM-DAS-2 31 31 30 31 30 31 184
H16 SSM-ASCAT-B NRT 012.5 14832 | 14876 | 14366 | 14863 | 14383 | 14859 | 88179
H101 SSM-ASCAT-A NRT 012.5 14818 | 14838 | 14369 | 14783 | 14344 | 14866 | 88018
H102 SSM-ASCAT-A NRT 025 14818 | 14838 | 14369 | 14783 | 14344 | 14866 | 88018
H103 SSM-ASCAT-B NRT 025 14856 | 14873 | 14366 | 14863 | 14383 | 14859 | 88200

Table7: Products dissemination via EUMETCGast.Semester 22D

3.2.3Monthly detailed performance

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

Concerning the value of the timeliness used to compute the SHtseglhas been condered the

values reported ifable30 I & RSTAY SR A Y 118 fuith § ixéd{offs@ af {ive fihies m ®
(as the estimated average time for uploadidata on the EUMETSAT FTP serveBigure4, it is

shown the sequence of events that contribute to the definition of the valud-8ARimeliness T3

TO) and thetime range used to compute the SP resu&T0. More in detail, an NRT product is
O2YaARSNBR dadz00Saatdzt f @ LINPRdAzOSRé O LJ NI A OA L
on theH SARFFTP serveawithin (T2TO)time range.
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Q)

Where:

End to End TIMELINESS

Satellite Data EUMETCast
Acquisition H-SAF TIMELINESS Dissemination "‘

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

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

Figured: HSAFTimeliness decomposition

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

G KI G

GKS alGAYS GF3¢ Ay SIOK FAES yIYS Ol yy:

T1lis theend of data processing;

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

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

Monthly performance (EP = expected production SP = successful production within related timeliness)

Product 2020-01 2020-02 2020-03 2020-04 2020-05 2020-06
1D Old Acronym New Acronym EP SP EP SP EP SP EP SP SR EP SP SR EP SP
ne:'\loge . ::fi?_l P-IN-SSMIS 1519 1466 1290 1261 1319 1286 1400 1374 1390 1339 1470 1470
HO02B P-IN-MHS 930 930 870 862 930 919 900 872 930 930 900 900
HO03B P-IN-SEVIRI 2976 2944 2784 2706 2976 2850 2880 2810 2976 2900 2880 2103 73,0%
HO05B P-AC-SEVIRI 992 825 83,2% 928 829 89,3% 992 936 94,4% 960 734 76,5% 992 836 84,3% 960 864 90,0%
H15A PR-OBS-6A P-IN-SEVIRI-CO 2976 2888 2784 2694 2976 2898 2780 2719 2810 2775 2880 2743
HO08 SM-OBS-2 SSM-ASCAT-B NRT pPIS1385 1381 1296 1294 1393 1375 1338 1338 1389 1388 1326 1324
H10 SN-OBS-1 SE-E-SEVIRI 31 31 29 29 31 31 30 30 31 31 30 29
H11 SN-OBS-2 WS-E 31 31 29 28 31 31 30 30 31 31 30 27 90,0%
H12 SN-OBS-3 FSC-E 31 31 29 29 31 31 30 30 31 31 30 29
H13 SN-OBS-4 SWE-E 31 31 29 29 31 31 30 30 31 31 30 29
H31 SE-D-SEVIRI 31 31 29 29 31 29 93,5% 30 30 31 31 30 30
H32 SE-G-AVHRR 31 31 29 29 31 29 93,5% 30 30 31 31 30 30
H14 SM-DAS-2 31 31 29 29 31 31 30 30 31 31 30 30
H16 SSM-ASCAT-B NRT 012.5 14880 14856 13920 13918 14880 14794 14400 14396 14880 14877 14400 14315
H101 SSM-ASCAT-A NRT 012.5 14880 14855 13920 13889 14880 14374 14400 14390 14880 14853 14400 14369
H102 SSM-ASCAT-A NRT 025 14880 14855 13920 13889 14880 14374 14400 14390 14880 14853 14400 14369
H103 SSM-ASCAT-B NRT 025 14880 14856 13920 13918 14880 14794 14400 14396 14880 14877 14400 14315
OVERALL 70515 70073 65835 65462 70323 68813 68068 67629 70224 69845 68226 66976

AVERAGE (per month)

D = Dismissed
(N.O. = Not operational
Table8: Monthly detailed performangelt SemesteR(®0
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Monthly performance (EP = expected production SP = successful production within related timeliness)
Product 2020-07 2020-08 2020-09 2020-10 2020-11 2020-12
ID old Acronym New Acronym EP SP EP SP EP SP SR EP SP EP SP SR EP SP
nei-\:voiiLeI . i:fi?‘l P-IN-SSMIS 1519 1519 1519 1519 1470 1470 1519 1519 1470 1410 | 959% [ 1519 1519
HO2B P-IN-MHS 930 921 930 923 900 900 930 900 900 895 930 927
Ho3B P-IN-SEVIRI 2976 2963 2976 2975 2880 2880 2976 2967 2880 2874 2976 2963
HO5B P-AC-SEVIRI 992 991 992 992 960 960 992 992 960 960 992 991
H15A PR-OBS-6A P-IN-SEVIRI-CO | 2976 2968 2976 2972 2880 2880 2976 2969 2880 2869 2976 2940
Hos SM-OBS-2  |SSM-ASCAT-B NRT PIS1384 1382 1394 1383 1346 1346 1381 1377 1349 1345 1384 1364
H10 SN-OBS-1 SE-E-SEVIRI 31 31 31 28 90,3% 30 30 31 31 30 30 31 31
H11 SN-OBS-2 WS-E 31 31 31 26 83,9% 30 30 31 30 30 30 31 30
H12 SN-OBS-3 FSC-E 31 31 31 31 30 30 31 31 30 30 31 31
H13 SN-OBS-4 SWE-E 31 31 31 31 30 30 31 30 30 30 31 31
H31 SE-D-SEVIRI 31 31 31 31 30 30 31 31 30 30 31 31
H32 SE-G-AVHRR 31 31 31 31 30 30 31 31 30 30 31 31
H14 SM-DAS-2 31 31 31 31 30 30 31 31 30 30 31 31
H16 SSM-ASCAT-B NRT 012.5 14880 14832 14880 14876 14400 | 14366 14880 | 14863 14400 | 14383 14880 | 14859
H101 SSM-ASCAT-A NRT 012.5 14880 14818 14880 14838 14400 | 14369 14880 | 14783 14400 | 14344 14880 | 14866
H102 SSM-ASCAT-A NRT 025 14880 14818 14880 14838 14400 | 14369 14880 | 14783 14400 | 14344 14880 | 14866
H103 SSM-ASCAT-B NRT 025 14880 14856 14880 14873 14400 | 14366 14880 | 14863 14400 | 14383 14880 | 14859
OVERALL 70514 70285 70524 70398 68246 | 68116 70511 | 70231 68249 | 68017 70514 | 70370
AVERAGE (per month)

D = Dismissed
(N.O. = Naperational
Tabled: Monthly detailed performande2d SemesteP®@0
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Success rate - ithly detailed perfi e (overall)
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In tablesTable10 and Tablel11 the scores related to the Out of timeliness and the Lost files are
reported for each semeste
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Product 2020-01 2020-02 2020-03 2020-04 2020-05 2020-06
ID old Acronym | New Acronym| 00T% | Lost% | 0OT% | Lost% | 0OT% | Lost% | 0OT®% | Lostw | 0OT% Lost% | 0OT% | Lost%
ne'—\:vo:-el. izles_'l P-IN-SSMIS | 1.9% 1,58% 22% 0,00% 2,5% 0,00% 1,9% 0,00% 3.7% 0,00% 0,0% 0,00%
HO2B P-IN-MHS 0,0% 0,00% 0,0% 0,92% 0,0% 1,18% 0,0% 3,11% 0.0% 0,00% 0,0% 0,00%
HO3B P-IN-SEVIRI 0,4% 0,71% 0,0% 2,80% 0,4% 3.83% 0,0% 2,40% 1,7% 0.87% 0,0% 26,98%
HO5B P-AC-SEVIRI 0,8% 16,03% 0,19% 10,56% 0,5% 5,14% 0,4% 23.13% 0,0% 15,73% 0.8% 9,17%
H15A PR-OBS-6A | P-IN-SEVIRI-CD  0,6% 2,32% 0,0% 3,20% 0,4% 2,18% 0,1% 2,09% 0,0% 1,25% 0,9% 3,85%
Ho8 smops-2 | SSUASUATE g 506 0,00% 0,29% 0,00% 1,1% 0,14% 0,0% 0,00% 0.1% 0,00% 0.2% 0,00%
H10 SN-OBS-1 | SE-E-SEVIRI|  0.0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 3,33%
H1L SN-OBS-2 WS-E 0,0% 0,00% 0,0% 3,45% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 10,00%
H12 SN-OBS-3 FSC-E 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 3,33%
H13 SN-OBS-4 SWE-E 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 3,33%
H3L SE-D-SEVIRI 0,0% 0,00% 0,0% 0,00% 0,0% 6,45% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00%
H32 SE-G-AVHRR 0,0% 0,00% 0,0% 0,00% 0,0% 6.45% 0.0% 0,00% 0.0% 0,00% 0,0% 0,00%
H14 SM-DAS-2 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00%
H16 SSM-ASCAT-B NRT 0125 | 0,0% 0,16% 0,0% 0,01% 0,0% 0,58% 0,0% 0,03% 0,0% 0,02% 0,0% 0,59%
H101 SSM-ASCAT-ANRT 0125 | 0,0% 017% 0.0% 0,22% 0,0% 3,40% 0,0% 0,07% 0,0% 0,18% 0,0% 0,22%
H102 SSM-ASCAT-A NRT 025 0.0% 017% 0,0% 0,22% 0,0% 3,40% 0,0% 0,07% 0,0% 0,18% 0,0% 0,22%
H103 SSM-ASCAT-B NRT 025 0.0% 0,16% 0,0% 0,01% 0,0% 0,58% 0,0% 0,03% 0.0% 0,02% 0,0% 0,59%
TablelQ Out of Timeliness and Lost fildst Semester ZD

Product 2020-07 2020-08 2020-09 2020-10 2020-11 2020-12
ID Old Acronym New Acronym O0T% Lost % OO0T% Lost % O0T% Lost % O0T% Lost % OO0T% Lost % O0T% Lost %
o PROBS P-IN-SSMIS 0.0% 0,00% 0,0% 0,00% 0.0% 0,00% 0.0% 0,00% 2,0% 0,07% 0.0% 0,00%
Ho2B P-IN-MHS 0.0% 0.97% 0.0% 0.75% 0.0% 0,00% 0.3% 2,90% 0.0% 0.56% 0.0% 0.32%
HO3B P-IN-SEVIRI 0.0% 0,44% 0,0% 0,03% 0,0% 0,00% 0.0% 0,30% 0,0% 0.21% 0,0% 0,44%
HO5B P-AC-SEVIRI 0.0% 0,10% 0,0% 0,00% 0.0% 0,00% 0.0% 0,00% 0,0% 0,00% 0.0% 0,10%
H15A PR-OBS-6A P-IN-SEVIRI-CO | 0,0% 0.27% 0.0% 0.13% 0.0% 0,00% 0.0% 0,24% 0.1% 0.28% 0.0% 121%
Ho8 SM-OBS-2 | SSM-ASCAT-B NRT IS 0,1% 0,00% 0,0% 0.79% 0.0% 0,00% 0.1% 0,14% 0.3% 0,00% 0,2% 123%
H10 SN-0BS-1 SE-E-SEVIRI 0.0% 0,00% 0.0% 0,68% 0.0% 0,00% 0.0% 0,00% 0.0% 0,00% 0.0% 0,00%
HI1 SN-OBS-2 Ws-E 0.0% 0,00% 0,0% 16,13% 0.0% 0,00% 0.0% 3.23% 0,0% 0,00% 0.0% 3.23%
H12 SN-OBS-3 FSC-E 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00%
H13 SN-OBS-4 SWE-E 0.0% 0,00% 0.0% 0,00% 0.0% 0,00% 0.0% 3.23% 0.0% 0,00% 0.0% 0,00%
H31 MDSC 0.0% 0,00% 0.0% 0,00% 0.0% 0,00% 0.0% 0,00% 0.0% 0,00% 0.0% 0,00%
H32 EDSC 0.0% 0,00% 0,0% 0,00% 0,0% 0,00% 0.0% 0,00% 0,0% 0,00% 0,0% 0,00%
H14 SM-DAS-2 0.0% 0,00% 0,0% 0,00% 0.0% 0,00% 0.0% 0,00% 0,0% 0,00% 0.0% 0,00%
H16 SSM-ASCAT-B NRT 012.5 0.0% 0.32% 0,0% 0,03% 0.0% 0,24% 0.0% 0,11% 0,0% 0,12% 0,0% 0,14%
H101 SSM-ASCAT-A NRT 0125 0.0% 0,42% 0,0% 0.28% 0,0% 0.22% 0.0% 0,65% 0,0% 0,39% 0,0% 0,09%
H102 SSM-ASCAT-A NRT 025 0.0% 0.42% 0,0% 0.28% 0.0% 0.22% 0.0% 0,65% 0,0% 0,39% 0.0% 0,09%
H103 SSM-ASCAT-B NRT 025 0.0% 0,16% 0,0% 0,05% 0.0% 0,24% 0.0% 0,11% 0,0% 0,12% 0.0% 0,14%

Tablell Out of Timeliness and Lost fiie®d Semester 22D
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3.3 Product achiving and dissemination

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

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

3.3.1Product archiving

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

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

the front-end and archive hosts.

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

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


http://hsaf.meteoam.it/download-products.php
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Product Start of period End of semester (30/06/2020)
ID Old Acronym New Acronym (31/12/2019) Amount Six-month increase
Ho1 PR-OBS-1 P-IN-SSMIS 79895 88368 8473
new rel. new rel.
HO02B P-IN-MHS 15644 21771 6127
HO3B P-IN-SEVIRI 34569 50570 16001
HO5B P-AC-SEVIRI 11621 17258 5637
H15A PR-OBS-6A P-IN-SEVIRI-CO 320079 353009 32930
HO8 SM-OBS-2 SSM-ASCAT-B NRT DI 141884 158176 16292
H10 SN-OBS-1 SE-E-SEVIRI 2803 2984 181
H11 SN-OBS-2 WS-E 4338 4516 178
H12 SN-OBS-3 FSC-E 4986 5167 181
H13 SN-OBS-4 SWE-E 5115 5295 180
H14 SM-DAS-2 2549 2731 182
H16 SSM-ASCAT-B NRT 012.5 627061 714237 87176
H101 SSM-ASCAT-A NRT 012.5 621123 708333 87210
H102 SSM-ASCAT-A NRT 025 605964 693173 87209
H103 SSM-ASCAT-B NRT 025 611083 698260 87177
TOTAL 2958606 3363139 404533

Tablel2 Central archive capacityst Semeste2®@0
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Product Start of period End of semester (31/12/2020)
1D Old Acronym New Acronym (31/06/2020) Amount Six-month increase

nesvorlel. :F;\',\?Sj'l P-IN-SSMIS 79895 88368 8473
HO02B P-IN-MHS 15644 21771 6127
HO3B P-IN-SEVIRI 34569 50570 16001
HO5B P-AC-SEVIRI 11621 17258 5637
H15A PR-OBS-6A P-IN-SEVIRI-CO 320079 353009 32930
H08 SM-OBS-2 SSM-ASCAT-B NRT DI 141884 158176 16292
H10 SN-OBS-1 SE-E-SEVIRI 2803 2984 181
H11l SN-OBS-2 WS-E 4338 4516 178
H12 SN-OBS-3 FSC-E 4986 5167 181
H13 SN-OBS-4 SWE-E 5115 5295 180
H14 SM-DAS-2 2549 2731 182
H16 SSM-ASCAT-B NRT 012.5 627061 714237 87176
H101 SSM-ASCAT-A NRT 012.5 621123 708333 87210
H102 SSM-ASCAT-A NRT 025 605964 693173 87209
H103 SSM-ASCAT-B NRT 025 611083 698260 87177

TOTAL 2958606 3363139 404533

Tablel3 Central archive capacityrd SemesteR®0

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



EUMETSAT Doc. No: SAF/HSAF/OpRep/2020_S1_S2
H SAF 2020 S1/S2 Date:25/06/2021
Page42/226
Product 01/2020 02/2020 03/2020 04/2020 05/2020 06/2020
. Timely o . Timely o . Timely o . Timely o . Timely o . Timely o

ID |Old Acronym New Acronym Archived Produced % | Archived Produced % |Archived Produced % | Archived Produced % | Archived Produced % |Archived Produced %
nel—\:\?rlel ZF;;A?ZIS{ P-IN-SSMIS 1494 1466 |98,1%| 1290 1261 |97,8%| 1326 1286 |97,0%| 1403 1374 |97,9%| 1363 1339 |[98,2%| 1596 1470 |92,1%

HO02B P-IN-MHS 1476 930 |63,0%| 862 862 (100,0% 919 919 (100,09 872 872 |100,0% 983 930 94,6%| 1015 900 |88,7%

HO3B P-IN-SEVIRI 2957 2944 | 99,6%| 2706 2706 |100,0% 2850 2850 |100,0% 2810 2810 |100,0% 2900 2900 |100,0% 2154 2103 | 97,6%

HO5B P-AC-SEVIRI 989 825 |83,4%| 889 829 93,3%| 975 936 96,0%| 935 734 78,5%| 977 836 85,6%| 875 864 |98,7%

H15A | PR-OBS-6A P-IN-SEVIRI-CO | 2907 2888 |99,3%| 2695 2694 |100,0% 2911 2898 |99,6%| 2722 2719 |99,9%| 2775 2775 |100,0% 2769 2743 |99,1%

HO8 SM-OBS-2| SSM-ASCAT-B NRT DI$385 1381 |99,7%| 1296 1294 |99,8%| 1390 1375 |98,9%| 1338 1338 (100,0% 1389 1388 |[99,9%| 1326 1324 |99,8%

H10 SN-OBS-1 SE-E-SEVIRI 31 31 100,09 29 29 100,09 31 31 100,09 30 30 100,09 31 31 100,09 29 29 100,09

H11 SN-OBS-2 WS-E 31 31 100,09 28 28 100,09 31 31 100,09 30 30 100,09 31 31 100,09 27 27 100,09

H12 SN-OBS-3 FSC-E 31 31 100,09 29 29 100,09 31 31 100,09 30 30 100,09 31 31 100,09 29 29 100,09

H13 SN-OBS-4 SWE-E 31 31 100,09 29 29 100,09 31 31 100,09 30 30 100,09 31 31 100,09 29 29 100,09

H31 SE-D-SEVIRI

H32 SE-G-AVHRR

H14 SM-DAS-2 31 31 100,09 29 29 100,09 31 31 100,09 30 30 100,09 31 31 100,09 30 30 100,09

H16 SSM-ASCAT-B NRT 012.5 14875 | 14856 |99,9%| 13918 | 13918 |100,0% 14794 | 14794 [100,0% 14394 | 14396 |100,0% 14874 | 14877 |(100,0% 14315 | 14315 |100,09

H101 SSM-ASCAT-A NRT 012.5 14852 | 14855 |100,0% 13889 | 13889 |100,0% 14848 | 14374 |96,8%| 14389 | 14390 |100,0% 14853 | 14853 (100,0% 14369 | 14369 |100,09

H102 SSM-ASCAT-A NRT 025 14855 | 14855 |100,0% 13889 | 13889 |100,0% 14852 | 14374 |96,8%| 14390 | 14390 |100,0% 14853 | 14853 (100,0% 14365 | 14369 |100,09

H103 SSM-ASCAT-B NRT 025 14871 | 14856 |99,9%| 13918 | 13918 |100,0% 14793 | 14794 [100,0% 14394 | 14396 |100,0% 14875 | 14877 (100,0% 14314 | 14315 |100,09

Tablel4 archiving integrity 1st Semester 2D
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Product 07/2019 08/2019 09/2019 10/2019 11/2019 12/2019
. Timely O . Timely 0 . Timely 5 . Timely o . Timely 0 . Timely 0
ID Old Acronym New Acronym Archieved Produced % | Archieved| Produced % | Archieved Produced % | Archieved Produced % | Archieved| Produced % | Archieved| Produced %
HO1 PR-OBS-1
new rel new rel P-IN-SSMIS 1633 1519 | 93,0%| 1661 1519 | 91,5%| 1470 1470 |100,09 1619 1519 | 93,8%| 1410 1410 |100,094 1615 1519 | 94,1%
nzv(\)/zrél PSéV??j_ZA 921 921 |100,099 923 923 100,094 900 900 |100,094 899 900 |100,1% 895 895 |100,099 929 927 | 99,8%
HO02B P-IN-MHS 2964 2963 |100,099 2975 2975 |100,094 2880 2880 |100,094 2967 2967 |100,099 2874 2874 |100,094 2971 2963 | 99,7%
HO3B P-IN-SEVIRI 991 991 [100,04 992 992 100,09 960 960 |100,094 992 992 100,094 960 960 [100,04 992 991 | 99,9%
HO5B | P-AC-SEVIRI 2968 2968 [100,0%q 2972 2972 |100,0% 2880 2880 /100,094 2969 2969 |100,094 2872 2869 | 99,9%| 2939 2940 |100,0%
HO08 SM-OBS-2| SSM-ASCAT-B NRT DIS 1384 1382 | 99,9%| 1387 1383 | 99,7%| 1346 1346 |100,099 1380 1377 | 99,8%| 1348 1345 | 99,8%| 1366 1364 | 99,9%
H10 SN-OBS-1 SE-E-SEVIRI 31 31 100,0% 28 28 100,0% 30 30 100,099 31 31 100,094 30 30 100,0% 31 31 100,0%
H11 SN-OBS-2 WS-E 31 31 100,0% 26 26 100,0% 30 30 100,099 30 30 100,099 30 30 100,0% 30 30 100,0%
H12 SN-OBS-3 FSC-E 31 31 100,0% 31 31 100,0% 30 30 100,099 31 31 100,099 30 30 100,0% 31 31 100,0%
H13 SN-OBS-4 SWE-E 31 31 100,099 31 31 100,099 30 30 100,099 30 30 100,094 30 30 100,099 31 31 100,0%
H31 SE-D-SEVIRI
H32 SE-G-AVHRR
H14 SM-DAS-2 31 31 100,099 31 31 100,099 30 30 100,099 31 31 100,094 30 30 100,099 31 31 100,0%
H16 SSM-ASCAT-B NRT 012.5 14822 | 14832 |100,19q 14876 | 14876 |100,099 14371 | 14366 [100,09%9 14863 | 14863 |100,099 14383 | 14383 |100,099 14874 | 14859 | 99,9%
H101 SSM-ASCAT-A NRT 012.5 14814 | 14818 |100,094 14831 | 14838 |100,094 14369 | 14369 [100,094 14783 | 14783 |100,09 14344 | 14344 [100,09%9 14866 | 14866 |100,0%
H102 SSM-ASCAT-A NRT 025 14817 | 14818 |100,094 14838 | 14838 [100,094 14369 | 14369 [100,0%q 14783 | 14783 [100,0% 14344 | 14344 |100,0% 14866 | 14866 |100,0%
H103 SSM-ASCAT-B NRT 025 14829 | 14856 100,29 14873 | 14873 |100,094 14393 | 14366 | 99,8%| 14863 | 14863 |100,094 14383 | 14383 [100,094 14878 | 14859 | 99,9%

Tablel5 archiving integrity 2nd Semester ZD
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3.3.2FTP dissemination

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

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

On-line products . . .
el i bF')I' 4 Total Size [MB] | Daily Generation|
availability [#] FTP NRT (last 65 daj FTP NRT ( last 65 da
ID Old Acronym New Acronym FTP NRT (last 65 days)
Ho1 PR-OBS-1 P-IN-SSMIS 3159 3277 50,4
new rel. new rel.
HO2A PR-OBS-2A P-IN-MHS 6944 1434 22,1
new rel. new rel.

H02B P-IN-MHS 2088 1400 31,6
HO3A PR-OBS-3A | P-IN-SEVIRI 6193 1741 26,8
HO3B P-IN-SEVIRI 5581 13000 80,9
HO5A PR-OBS-5A | P-AC-SEVIRI 4138 2380 36,6
HO5B P-AC-SEVIRI 2051 8700 76,1
H15A PR-OBS-6A P-IN-SEVIRI-CO| 12376 384 5,9

HO8 SM-OBS-2 SSM'ASICSAT'B NF 2872 11264 173,3
H10 SN-OBS-1 SE-E-SEVIRI 65 104 1,6

H11 SN-OBS-2 WS-E 65 3 0,05
H12 SN-OBS-3 FSC-E 65 130 2,0

H13 SN-OBS-4 SWE-E 65 3 0,05
H14 SM-DAS-2 65 3788 58,3
H16 SSM-ASCAT-B NRT 012.5 30930 7782 119,7
H101 SSM-ASCAT-A NRT 012.5 30930 7782 119,7
H102 SSM-ASCAT-A NRT 025 30930 7782 33,1
H103 SSM-ASCAT-B NRT 025 30930 7782 33,1

Tablel6 FTP fronend capacity

3.3.3Dissemination orddemand H SAMData Centre)

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

During 2020, 301 orders have been successfully processdth an average oR2,1 orders per
month, for a totalamountof ordered data of 2.9 B as shown belovbluebars):
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Figure9: Monthly size of ordered data in GBVBAFRlata centréromMar20150 Decembe?020
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Here following, a diagram showing thember of monthly orders since the activation of the service (March 2015)
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In the figure below the number of orders pproduct type is reported for each year:

Orders per product type
250
200
E 150
S =4=PR
E
-
£ 100 “fi=SM
==SN
50
0
2015 2016 2017 2018 2019 2020

Years

Figurell Number of orders per product type

In the following figure the number of orders and the order percentage per product is reported fo
period 09/02/2015¢ 31/12/2020:
Orders per product
period : 09/02/2015 - 31/12/2020
284
253

221

191

116 122

78 76 74
60 65

37 33 37
o 2

HO1 HO2 HO3 HO4 HO5 HO8  H10 H11 Hi2 H13  H14  HI15 H16 H101 H102 H103

Figurel2 Number of orders per product (pérfirom 09/02/2015 to 31/12/020
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2%

Orders Percentage per product
period : 09/02/2015 - 31/12/2020
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Figurel3below reports the orders percentage per proxt from09/02/2015¢ 31/12/2020:




@ H SAF

Operationskeport
2020 S1/S2

Doc. No: SAF/HSAF/OpRep/2020_S1_S2
Version: 1.0

Date:25/06/2021

Page50/226

Orders Percentage per product

2%

period : 09/02/2015 - 31/12/2020
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Figurel3 Orders percentage per product (period from 09/02/2015 to 31/12/2019)

In the next figures the number of orders per product is reported for the 2019:

Orders per product
period : 2020

HO1 HO2 HO3 HO4 HO5

HO8 H10 H11 H12

H14 H15 H16 H101 H102 H103

Figurel4 Numierof orders per product (year 2p20

Figurel5reports the orders parentage per product for the 2020
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Orders Percentage per product
period 2020
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Figurel5 Orders prcentage pasroduct (year 2020

3.4 Anomalies and problermmreport

Main problems encounteredh the reporting periodat the generation chainer at central facilities
are here reported. Emphasis is put problems thathave determined an unsuccessful product
generation and a decay of the product qualfigerformances

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

HO5B 15t Semester This problem involve only files related to the 24h cumulated rain. After
2020 investigation an issue hdmeen found in the scripts of HO5B operational
chain. A lot of time is wasted waiting for the generation of the plots rela
to the previous time slot. A correction has been implemeraéegr OR9
(June 2020)

H31 and H32 March 2020 Wrong configuration irsatellite reception station the SAF products were
not received at IPMA during almost 4 days in March

HO3B, HO5B and | June 2020 DVB dissemination software changed causing problem in the product
H15 generation.

HO02B, HO3B and Octoberg Problem in dissemination

HO5B September

2020
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Product / Chain /| Period Description and Planned Solution
System / Service
H10, H11 June and Missing input data

August 2020

The August missing input data affected H11 as well since H10 is also i
for H11. However, there are more missing data than in case with H10.
Consequent days in June and Augargt due to missing input data (also

radiometer) which were fixed. Fortunately June and August are not par
snow season used in validation (@day).

Tablel7 Anomalies and problems report
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The current total number dff SARJsers from different sources, eithexgistered through théd SAF
Web Portaland downloading product§last 60 daysysing theH SARTP or subscribed to the
EUMETCast servide 1856 up to 3¥ Decenber 2020The details reported in the table below.

User Type Number of Users
H SARVeb / FTP 1888up to 31" December2020
EUMETCast 532up to 31" December2019

Tablel8 Number oH SAFUsers

In the followingFigurel6 the diagram of theH SARJsers increaséweb, ftp and EUMETCas$)
depicted. It can be noted how thid SARJsers community has kept increagion a constant and
continuous basis.

It is noted that a check on the validity of web/ftp user€ontinuouslyperformed andho more valid
usersareremoved from the users list.

Hsaf Users

2500
2000
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500

AN I S RO T
Q/Q O ,b\)% s\Q\,O 00 6® \\)Q bQ/ 6@* b@ ’bQ \0 6‘2’ bQ/ bQJ 6@ \00
Figurel6 Trendof increase in number df SARusers(web/ftp/EUMET Cakdta up tdJune2020

In the following graphic, instead, is reported the trend focused on EUMETCast imserder to
show theincrease of the trend during the reference perifma this subset of users
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Figurel? Trend of increase in numbeHoSAFEUMET Cast (data uptecembr 2020

User description

Feedback

Generic user

Generic Support

User belonging to the scientific community

Scientific background

User belonging to thecientific community, involve(

and/or interested in product validation activities

Product Quality and Availability

Table 12: User o mmu nfeetlback s 6

4.1 Users communities

In this section the different communities ofers withinH SARre described.

Thediagram kelow provides an overviewf the distribution by institution oH SARJsers.
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Figurel8 Distribution by institution

Also, it is interesting dimguish users by regional araasers pertaining to thél SARrea represat
the 84% of the total number of users, the remaining 16% are users from outsid¢ AdArea, in
particular the 12% ar&om outside Europe.

4.2 Help desk response
In the reporting period 46equests have been submitted to help desk which required a response.
All responses have been provided, with following response time:

- 32answers have been provided within 2 working days;
- 3answers have been provided within 3 working days;
- 6answers have ben provided within 5 working days;

- 5answer hadveen provided beyond 5 working days.

4.3 Web-site
(Link to the web sitehttp://hsaf.meteoam.if)

It is highlighted that an overall rengineering of the H SAF website haen implemented; the new
version of the website has been released for betating on 19 June 2020 @ selected group of
internal users which will verify the overall functionalities and provide feedbacks. Thedwstiag

will last approximately two week after that, the received feebacks will be implemented as far as
possible, and the updated release will be put online for the public.

For this reason, all main improvements and implementatibase beenaddressed to the new
website, limiting themodifications of the current website to:


http://hsaf.meteoam.it/
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1 bug fixing

1 backoffice activities: news updates/publication, documents release/update
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This section provides the assessment of the products in terms of product performances #uainst
Service Specification product quality requirements. Statistics are herers{iext, tables figures
and diagrams) along ¥rdonths period for precipitation, soil moisture and snow producté/ithin
GKAA LISNA2R GKS aayz2g pioSuctsaliationpuiipose? ivisirtie fexds R
15t of Octoberg 315t of May. Further detailed results of the Quality Assessment are reported in
Appendix 2Appendix 1

Statistics are obtained from the outcomes of theSAF continuous validation service. The Product
Validation Group (PVG) is composed of etp&om the National Meteorological and Hydrological
Institutes of Austria,Belgium, Bulgarigzinland,France Germany, Hungary, Italy, Poland, Slovakia,
and Turkeyunder the coordination of the Italian Civil Protection Department (DPC).

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

5.1 Precipitation Products Quality Assessment

The Precipitation Product Validationrdap (PPYG) is composed by experts in Hydrology,
Meteorology and in precipitation, snow and soil moisture ground (GRD) data, coming from 8
European countriegnstitutes involved in thguality assessmeractivitieson precipitation products

are listed in the follving table:

Country (Acronyms) Institutes
Belgium (BE) RM
Bulgaria (BG) NIMH
Germany (DE) BfG
Hungary (HU) OMSZz

Italy (IT) DPC, UnBo
Poland (PL) IMWM
Slovakia (SK) SHMU
Turkey (TR) ITU

TablelQ Precipitation productslidation group (PPVG): countries and institutes
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PPVG evaluates yearly the operational precipitation products (PP) to guarantee a continueus high
level quality standard. The actually operational PP are:

P-IN-SSMIS (HO1 new release): Precipitation ratgratind by MW conical scanners;
P-IN-MHS (HO2B): Precipitation rate at ground by MW cross track scanners;
P-IN-SEVIRI (HO3B): Precipitation rate at ground by GEO/IR supported by LEO/MW;
P-AGSEVIRHO5B) Accumulated precipitation at grounay blended MWand IR;
P-AGSEVIRCO (H15ABlended SEVIRI Convection area/ LEO MW Conveéctegitation

The validation process is based on the comparison with precipitation measurements by GRD statior
over the European (EU) area and with precipitation estimatesadar aboard satellite platforms

over wide spreader coverages, typically over MeteoSat Full Disk (FD) area. Both methodologies an
data used to validate the operational PP are below descripted in detail.

Validation methodology over European area

In order to make the results obtained by several institutes comparable and to better understand
their meaningst was developed a common validation procedure among participating institutes
The main steps of this methodology have been identified in collablmratith the product
developers, and with the support of ground data expefthis procedurds based onfGRDdata
(radar and rain gauge) comparisons to produgearly large statistic (multi-categorical and
continuous).The statistical analysis of the produaccuracy is here reported to assess umer
requirement compliance.

All the various steps related to Validation activity have been defindulinging to the development
of specific algorithms dedicated to:

A Quality filtering applied t&SRDreference:
f RaddNJ 6 a5STAYAGAZ2Y | YR A Y Lihsedrefezefice | |j dzl f A
measurementsinthel | C LINBOALIAGF GA2Y LINRRdAzOG @I
Ghy GKS gmaB8zeddandraithrfor operational rainfall retrieval in
Y2 dzy G Ay 2 ddgianieNdb, 2G12);> =+
T wkAy 3IFdzZ3Sa o6ahy GKS dzy OSNIIFIAYy(dASa Ay
SAaGAYIFIGSEa SAGK NIYAY3IlFdAS 2LISNF GA2Yy T
A Interpolation techniques of in situ data:
1 GRISO (Pignone et al., 2010) is an improved Kiligisgd technique implemented
by the International Centre on Environmental Monitoring (CIMA Research
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C2dzyRIFGA2y0d 6{SS a¢KS @GlIfARIFIGA2Y &SNV
polar satellite prediJA G G A2y LINRPRdzOGaé¢s> t dzOF SG I f
A Up-scaling olGRDdata versus satellite grid (SSMIS, AMSU, SEVIRI);

1 Since the beginning of the project the PPVG has decided to validate each satellite
product on its native grid in order to evaluate the accuracyhefproduct as it is
available to the users, and to avoid remapping and local smoothing (Puca et al.,
2014, Petracca et al., 2018);

A Evaluation of Statistical indexes:

{1 Precipitation rates below 1 mnHfor rain intensity products and below 1 mm for
cumulated rainfall products are not evaluated. For the measurements above this
value, three precipitation thresholds are introduced for instantaneous rain rate
products Table22) and three for cumulated product3&ble23). ContinuousTable
24) and multicategorical Table28) statistics are calcuied on monthly/seasonal
and yearly base.

All the algorithms have been implemented in the framework of common code named Unique
Common Code (UCC), used by all the participants of H SAF PPVG, with the purpose to genera
yearly the reference datasets ftine various ground fields.

Groundreferencedata

The PPVG uses bathin gaugeandradar data for validation oPP over EU area

ThePPVGain gauge networks composed omore than8,404 nominal stations acrossC®untries
(seeFigurel9).



Doc. No: SAF/HSAF/OpRep/2020_S1_S2
EUMETSAT OperationsRkeport Version: 1.0
H SAF 2020 S1/s2 Date:25/06/2021

Page60/226

Figurel9 The network ahore 8,40€nin gauges usedy PPVG

A key characteristic of such networks is the distance between each rain gauge and the closest one
averaged over all the instruments considered in the network: it is inversely correlated with the rain
gauge spatial density. Instruments number and averagemum distance are summarizedTiable

20.

Country Total number of gauges * Avgrage minimum
distance (km)
Belgium 92 15.2
Bulgaria 123 25 2
Germany 2,299 12.9
Hungary 270 170
ltaly 2,934 11.3
Poland 540 24.0
Slovakia 911 136
Turkey 1,235 6.5

* the number of rain gauges could vary from day to day due to operati
efficiency within a maximum range of -16%.

Table2d Number and density of rain gaugeasilable in thBePVG



Doc. No: SAF/HSAF/OpRep/2020_S1_S2
EUMETSAT OperationsReport Version: 1.0
H SAF 2020 S1/S2 Date:25/06/2021

Page61/226

Most of the gauges used in the National networks by the Ppafters are of the tipping bucket
type, andone-hourly cumulated.

71 Gband radars Figure 20) are used by theH-SAFPPVG for assessing the satellite product
accuracy. An inventory on radar data networks and products used in PPVG has pointed out that al
the institutes involved in the PVG declared the system are kept in a relatively good status and all
of them apply some correction factors in their processing chain of radar data. Only the radar data,
which passes the quality control of the owner Institute, are used by the PPVG foatioalid
activities. Please note that the Validation procedure is the same for all countries of PPVG.

-

Figure2Q The networks aflC-band radars available in the PPVG
Instruments number and average minimum distamt@ach countryare summarized ifable21.

Average minimum
Country Total number ofradar _
distance (km)

Belgium 1 -

Bulgaria - -
Germany 16 163
Hungary 4 190

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

Table21: Number and density @fdarsavailable in thBPVG

Comparisonover Full Disk area
The comparisonover the MSGFD area is performed by DPC for atistantaneous PPThe
methodology was developed in communion with European expésglonging to thePPVG. The
comparisonfor instantaneous precipitation producis performed respect to DPR products freely
available bythe GPM websiteThe main steps of the proceduceuld be summarized as follows
1 regridding of DPR and $AFestimates over the same regular grid (0.5° edistance grid);

1 temporal and spatial matching between both precipitation data;
1 statistical scores (continuous and medategorical) evaluation;

For accumulated PP the comparisaith DPR (instantaneous) estimates is not valuable. For this
type of PP the Tripi€olocation (TC) methodology is adoptealdCation-based mathematical
solutions have been increasingly applied to calculate unbiased estimates of product error variance
and correlation coefficient in the absence of a highality benchmark dataset. Depending on the
number of independent datasets available, a [r€quiring three datasets) analysis can be
performed. Various applications of TC for rainfall product evaluatiave ldemonstrated its value

for evaluating satellitdoased rainfall productg particularly for globaland regionaiscale studies

that include datascarce areas. TC analysis requires the availability of three datasets with mutually
independent errors. To anstruct such a triplet, satellite and groufhsed datasets can be
combined with modeled precipitation fields from reanalysis produ€isr more details on TC
analysis, please refer to the H SAF Visiting Scientist final rep@ié¢fand W T. Crow Oct2019).

As for themethodologyover the EU areagsults are shown in form of figures, maps, and histograms
charts in term ofarge statistial (multi-categorical and continuous) scores.

Global precipitation reference data
1.DPR

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 theirracgult was discussed in the
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Visiting Associated analy¢Sebastianelli, 2016) comparison with ground radar network. The DPR
is a Dual frequency Precipitation Radar located on board of the GPM Core Observatory.

GMI:
10183 GHz

Range
resolution
=250

DPR consists of:
Ku-band (13.6 GHz) radar: KuPR and
Ka-band (35.5 GHz) radar: KaPR

Figure2l The GPM Core Observatory and the GMI and DPR ground tracks

It uses the Ka (~35 GHz) and Ku bands (~13 GHz) to construetlitmergsional precipitation and
drop size distribution maps. The GPM Core Observatory flies in-auresynchronous orbit at 65°
inclination to cover a larger latitudinal extension with respect to the TRMM orbit, which extended
from 35°S to 35°N. Both Kand Kaband radars perform crogsack type scans (perpendicular to

the direction of the satellite motion) estimating the precigitan during the day and the night over
land and ocean. The Kaand radar performs a normal scan (NS) acquisition mode that is composed
by 49 footprints (IFOV) of 5 km in diameter. In fact, away from the scanning center, footprints tend
to widen and overlajgedge effects) because of a geometric distortion. The term swath indicates the
width of each scan of 245 km. The range resolution is 250 m. Tarcaradar can perform a
matched scan (MS) or a high sensitivity scan (HS) acquisition mode. The MS tootatich the
central 25 footprints of the kibband and the range resolution is 250 m. Therefore, MS scan is
composed of 25 footprints of 5 km in diameter and the swath is 125 km. WhédyaG radar
operates in HS mode footprints are interlaced with the rhatt beams, the range resolution is 500

m and there are 24 footprints along a swath. Figure shows the different DPR scanning modes with
respect the flight direction.
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It must to be noted that the range resolution is different from the spatial resolutiorfia¢h 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 addition, footprint size decreases as the sampling
height increases due to the antenna aperturbeTsampling 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 affects the 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 echo which causes

an overestimate of precipitations.

DPR products (level 2A) referredgdmgle frequency radar are 2Qu, 2AKaMS and 2A&KaHS, as
showed in figure below.

KuPR
2 KaPR (Matched beam)
D KaPR(High sensitivity boam)49

Figure22 Different DPR scanning modes with respect to the flight direction.
The Normal Scan corresponds tebad radar,
whereas matched dinigh sensitivity scans are performed byp&d radar

Three different DPR products combining Ka and Ku bands precipitation rate estimates (prEs) alsc
exist depending on the IFOV to which data are referred. The IFOV can be related to théad Ku

or to the MS or HS Kiaand, and the corresponding DPR produftdr prEs are 2BPRNS, 2ADPR

MS and 2ADPRHS, respectively. Results of Visiting Associated activity highlight -28°RNS
product performs better with respect to grourdshsed radar estimates. For this reason, the prEs by
2A-DPRNS product (hereaftenlso referred as DPRS) was used as precipitation reference to
validate theinstantaneousH SAF satellitePR

For accumulated H SAF PP, the TC methodology requires two more global precipitation datasets i
addition to the one to be evaluated. To perforthis methodology, GPCGlpbal Precipitation
Climatology Centre https://climatedataguide.ucar.edu/climatelata/gpccglobalprecipitation
climatologycentre) and GLDAS G(obal Land Data Assimilation System
https://ldas.gsfc.nasa.gov/gldagrojects weraused.



Doc. No: SAF/HSAF/OpRep/2020_S1_S2
EUMETSAT OperationsReport Version: 1.0
H SAF 2020 S1/S2 Date:25/06/2021

Page65/226

The GPCC provides gridded gaagalysis productderived from qualitycontrolled station dataln

this analysis is useti¢ GPCC First Guess Daily Prothereafter named as GPC@aily global land
surface precipitation based on the statiodatabase (SYNOP) available via the Global
Telecommunication System (GTS) of the World Meteorological Organization (WMO) at the time of
analysis (3 5 days after end of the analysis month). This product contains the daily totals for a
month on a regulardtitude/longitude 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 DQD.5676/DWD_GPCC/FG_M_10the temporal coverage

of the dataset ranges from January 2009 to the most recent month for which GTS based SYNOP dai
is available, i.e. the previous monthp3lays after it€ompletion.In Figure23is shown an example

of spatial extension and resolution of the GPCC product.

GPCC Monitoring Product Gauge—Based Analysis 1.0 degree
precipitation anomaly for May 2012 in"mm/manth
(deviation from normals 1951 /2000) (grid based)
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Figure23 Example of data availabléSRCC. The daityecipitatiordata used in@ methodologlave the spatial extent
as shown in the figure and the spatial resolutiGrOadegree


http://dx.doi.org/10.5676/DWD_GPCC/FG_M_100
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3.GLDAS

NASA Global Land Data Assimilation System Version 2 (@).b#sSthree components: GLDAS,
GLDAZ.1, and GLDAZ?2.
GLDAR.0 is forced entirely with the Princeton meteorological forcing input data and provides a
temporally consistent series from 184 through 2014.

GLDAR.1 is forced with a combination of model and observation data from 2000 to present.
GLDAR.2 product suites use data assimilation (DA), whereas the GRDAShd GLDAZ1
products are "operoop" (i.e., no data assimilation). Tlehoice of forcing data, as well as DA
observation source, variable, and scheme, vary for different GIZDASoducts.

The 3hourly data product was simulated with the Noah Model 3.6 in Land Information System (LIS)
Version 7. The data product contains 8hd surface fields from January 2000 to present.

In this analysi&SLDAR.1 dataare used. These datre archived and distributed in NetCDF format
(DOI10.5067/E7TYRXPIJKWO Figure 24 is shown an example of spatial extension and
resolution of the GLDAS product used.

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

0 80E 120E 180 1200 50W 0

Figure24 Example of data available3hDASThe3-hourlyprecipitatiordata used in@ methodologhave the spatial
extent as shown in the figure and the spatial resolutbb@tlegree
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4. Statistical scores

The results of the common validation methodology are provided in form of large statistics and
shown by means of figures, maps and histogramsteh&@oth multicategorical and continuous
statistical scores are computed to identify and highlight the existence, if present, of pathological
behavior.

In order to assess the instantaneous and cumulated precipitation products for different
precipitation regimes the statistical scores are evaluated for different precipitation classes as
descripted inTable 22 and Table 23 for instantaneous and cumulated precipitation products,
respectively.

Precipitation Class number Precipitation Rate Precipitation type
0 PR <0.25mm/h No rain
1 n @ HRPR< DHnm/h Light
2 M XK tw §f M/ Stratiform
3 PRX10 mm/h Convective

Table22 Classes for instantaneous rain sate

Accumulated Precipitation Daily acamulatedrain
Class number
0 CR < 1 mAday
1 /' w X M YYK
2 [ w mam/day
3 CRx10 mmday

Table23 Classes for cumulat@decipitatiorrain

The impact of different background in the products performances are also taken into account. The
statistical scores are calculated separately for |aseh and coast areas. The Precipitation Product
Validation Leader collects all validation results as computed by European institutes, verifies the
consistency of these results and evaluates the monthly and seasonal common statistical results as
reported iNOR and PVR documents.
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Continuous statisticsare provided for each month and season of assessment. The main statistical

scores are here indicated:

Perfect _
Score Acronym | Range Calculation
score
Number of satellite
NS N.A. N.A. N.A.
samples
Number of reference
observations
. NR N.A. N.A. N.A.
(radar/rain
gaugdobs) samples
. . 1N\
Mean Error or Bias ME -k uZ20 ME =ﬁa(satk - obs, )
k=1
Mean Absolute Error 3 1N
MAE n uz|o MAE =Nalsatk - obs, |
k=1
Standard Deviation . 1N ,
SD n uz2|o0 SD :\/a (sat, - obs, - ME)
k=1
i 18
MBias —a sat
. N «
Multiplicative Bias or MB -k 021 MB=1§—
o]
or Bias Na obs
1
Correlation cc 101 |1 cc - Zi=1(sat — sab)(obs, — obs)
Coefficient JZle(satk —5at)? YN_ (obs; — obs)?
Root Mean Squarg
Error RMSE o . 1.t 2
n G2|0 RMSE =_|=§ (sat, - obs, )
(or Root Mean Squar{ RMSD N =
Difference)
Fractional Standar( Py
FSE n uz2|0 FSE fRMSE / <ob§*100%
Error (%)

IntheGi I 6 f §%

iKS AYRSE
NEFTSNBY GSé INFaREDGHG F YR F2NJ | gSNI 3§

Table24 Continuous statistad scores

aé

NBLINSaSyilia GKS

(DPR) reference observations and satellite estimations for validatieni®U (FD) area.

aLd aAcl
NI Ay BRD f

¢
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The FSE score represents the accuracy for all precipitation products. The User requirements are
write in table:

AccuracyfoPw X MOYWKK p YYKkK F2N O2y

Threshold Target Optimal

FSE%R00% FSE%KL50% FSE%KL00%

Table25 Precipitation products user requiremdhiR)

The FSE scores not appropriateto define the accuracyn the TC methodology. In this casiee
Correlation Coefficient (CG3 used to define the product accuracy with thresholds below
indicated:

Accuracy folCRx0 mm/h
Threshold Target Optimal
CC=0.50 CC =0.65 CC=0.80

Table26 UR for accumulated precipitation progslwsing TC methodologyer FD area

Multi categorical statisticsare derived by the following contingency table:

Reference
yes no total
yes hits false alarms | forecast yes
Satellite no misses correct negativeg forecast no
total observed yes observed no total

Table27. Multicategorical statistics contingency table

where:
1 hit: Satk wand Obsgx w
1 miss: Sat<Rn and Obsgx w
{ false alarm: miss: Safok wand Obg<Rn
1 correct negative: miss: Saik<Rn and Obg<Rn
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RnAda GKS

precipitation

GKNBaKz2fR

0S06SSYy GKS aNIAyé | yR
equals b 0.25mm/h for instantaneous precipitation rateendequals tol mnyday for accumulated

The scores evaluated from the contingenalle arebelow indicated.

Index

Perfect .
Score Acronym | Range Calculation
score
Probabilit Of hits hits
Y POD  |Oto1l |1 pop=_ MS___
Detection hits + misses  observed yes
False Al R FAR 0to 1 0 FAR = falsealarms _ falsealarms
alse Alarm Rate to hits +falsealarms  forecast yes
Critical  Succes s 0to 1 L | = hits
0 hits + misses +false alarm

Table28 Multicategorical statisticscores

ay
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5.1.1 Quality assessment for produ@-IN-SSMISHO1 new redase)
5.1.1.1 Overview

Product ID (Acronym) | HO1 new rel (P-IN-SSMI¥p

Product name Precipitation rate at ground by MW conical scanners (V
indication of phase)

Algorithm version Latestversion: 1.7
number Version considered for Q.A.: 1.7
Covered period 01/06/2019 ¢ 31/05/2020

Q.A. methods applied | Continuous statisticy ME, SD, MAE, MB, RMSE, FSE

Multi-categorical POD, FAR, CSI
statistics

Contributing BE, BU, DE, HU, IT, PL,TBK,
countries

Validation of AN-SSMIS product in relation with reference data over different extension areas are
here shownValidation has been performeamler the full disk area in comparison with DPR estimates
(5.1.1.2 and over European area in comparison wdin gauge and radarestimates $.1.1.3. For

both methodologiescontinuous and multcategorical statistics are showfor the full one-year
period as indicated above in the overview table

5.1.1.2 Ground validation over EU area

The accuracy d*IN-SSMIS produdtas been evaluated fdeRDprecipitationrates detected above
Imm/ht wxmMm YYKKSZ LINE 6f Xdniazg. Validatbryoved Eukofeds been performed

by 8 countries indicated in the overview table amsdipervised byitalian DPC.The validation
procedureevaluate8 Yy f & f AljdzA R LIKI &S LINE OA LJadihdicdtefinfhe g A ( |
satellite product). Satellite Field Of Views not fully covereda®®Ddata (or with percentage of
coverage less than 50%) are discaltdby the Q.A. procedure in order to increase the significance of
the statistical sampleResults are computed ortInillion pairs of satelliteground data.

5.1.1.2.1 Userrequirement compliance

InTable29( KS dza SNJ NBIljdzZA NBYSy i (GKNBaK2ftRa TFT2N tw
accuracy obtained foP-IN-SSMI$roduct duringthe validation periocf referencewith radarand
rain gauge dta issummarizedResults ardelow to the target (150%bpr validation over land areas
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(for both radar and gauge references) and for the overall comparison. The accuracy downgrades
slightly exceeding the target (but not the threshold) in comparison vattar measurements over
sea and coast areas.

Between target | Between threshold | Threshold exceedeq Threshold exceeded

and optimal and target by <50 % 0e X pn
P-IN-SSMIS Annual average of FSE (%)
Precipitation| Requirement (FSE %] Radar | Radar | Radar | Gauge OVERAL
Class thresh | target | optimal (Land) (Sea) (Coast) | (Land)
X M Y| 200 [ 150 | 100 140 186 168 129 146

Table22 URand compliance analysis #fNSSMIS product over EU area.

5.1.1.2.2 Monthly accuracy

The product accuracyn terms of FSE%, is shownFigure25in comparison with radar (panel a)

and rain gauge data (panel b). The overall results without any distinction between reference
instruments are shown in panel c. In each panel the background colours highlight the requirement
areas as indicated in th€able29. The horizontablack linesshow the correspondingSEvalues
computed for the full analyzed period. In the panel d is reported the percentage contribution of all
reference data to the overall results, namely radar sea, radar land, radar coast and rain gauge data

Regarding the #N-SSMIS product validation with radar data (panel a), the monthly accuracy shows
values ranging between 100% and 170% with a mean accuracy very close to the target value (150%
Focusing on the comparison with rain gauges (panel b), the accuraeNe8EMIS product ranges
0SG6SSy mnn yR mnm:Y Al R2SayQi SEOSSR GKS
equals to 129%. Both radar and gauge results show similar trends: this implies an overall results, ir
panel c, with a monthly trend verymsilar to the previous ones. The overall accuracy for the products
P-IN-SSMIS respect to GRD reference is very close and below to the target, with a FSE% equals

146%. Better values are reached in the second part of the period, from December to May.

Findly, the contribution to the overall results is shown in the panel d: Radar data represent 74% of
all results (60% land, 9% sea and 5% coast) while gauges results are limited to only 27%. Note
percentages are rounded and could be not normalized to 100%.
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Figure25 P-INSSMI&nnual validation using Radar (a) and Gauge (b) as ground reference. The Overall validation is
shown in the panel &ackground colours highlight tbserRequirement threshold$he horizontal black lifredicates
the accuracy value computed for the full period. The single ground contributions are displayed in the panel d).

The monthly continuous statistical scores separately analyzed for land, sea and coast areas ir
comparison with reference datafor BR M Y Yk K I NBRurédllS LI2 NI SR A Y

5.1.1.2.3 Multi-Categorical statistics
In the following tables, the first column indicates the precipitation classes of the satellite product,
while along the columns are reporteéde GRDprecipitationclasses. The first class detects the no
NI AY Ofl daa onXtwrnodup AYYx KODKS (fKAST KIS ON1yaRlirdOd 1 &
Of Faa OflaairiTAasSa GKS auGNIOGAT2NY NIAYy NIFGSa «
Ot wxmn YYKKOO®
TheP-IN-SSMI$roduct well detecs the no-rain area in over 8of casesOnly the 5% of casagith
light precipitation is well identified, with values between 1% over coast and 12% over sea areas.
Stratiform rain rates are observed in the most part of cases (54%), with better performances in
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comparison with radar estimates over land (57%). Finatlgyective areas are detected in 29% of
cases, with better performances with 46% of successes over sea.

Radar Land | Sea | Coast

Multi-Categorical Statistics

P-IN-SSMIS vs GRD | [0-0.25[ mm/h [0.25- 1[ mm/h [1-10[ mm/h XM Y YK
[0-0.25[ mm/h 97%| 99% | 98% | 58% | 58% | 59% | 38% | 34% | 37% | 10% | 8% | 14%
[0.25- 1[ mm/h 1% | 1% | 0% | 4% | 12% | 1% | 2% | 5% | 0% | 1% | 1% | 0%

[1-10[ mm/h 2% | 1% | 1% | 38% | 28% | 38% | 57% | 52% | 54% | 64% | 45% | 45%
XMA  YYkKK 0% | 0% | 0% | 0% | 2% | 1% | 2% | 9% | 9% | 25% | 46% | 41%

Table3Q Multicategorical table for proddINSSMIS radar validation over land, sea and coast areas. The precipitation
classesalong the columns (rows) are relative to ground (satellite) precipitation.

Gauge Land

Multi-Categorical Statistics

P-IN-SSMIS vs GRD | [0-0.25[ mm/h [0.25- 1[ mm/h [1-10[ mm/h XM Y YK
[0-0.25[ mm/h 97% 68% 42% 12%

[0.25- 1[ mm/h 1% 4% 4% 4%

[1-10[ mm/h 2% 27% 51% 58%

XMO  YYKK 0% 0% 3% 26%

Table31 Multicategorical table for prodUiN-SSMIS rain gauge validation over lafidhe precipitation classes along
the columns (rows) are relative to ground (satellite) precipitation.

Overall

Multi-Categorical Statistics

X M

P-IN-SSMIS vs GRD [0-0.25[ mm/h [0.25- 1] mm/h [1-10[ mm/h X mmm/h
[0-0.25[ mm/h 98% 62% 39% 11%
[0.25- 1] mm/h 1% 5% 3% 1%
[1-120[ mm/h 2% 33% 54% 59%
YYk K 0% 0% 3% 29%
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Table32 Multicategorical table for produIN-SSMIS Overall validation. The precipitation classes almgolumns
(rows) are relative to ground (satellite) precipitation.

5.1.1.3 Comparison over FD area

The \alidation procedure over FD ardaas beerdeveloped by the PPVG and conducted by Italian
DPC. DRRS product represents the reference for instantaneptecipitation rate over the global
coverage. As for validation over the EU arétze accuracy othe satellite producthas been
evaluated forreference data above 1 mm/averthe same oneyear long period. Values obtained

by the FSE score define treecuray of the H SAPBroduct Monthly accuracy and multategorical
statistics are hereshown. More maps and results over the MSG full disk area are illustrated in
Appendix1.2.

5.1.1.3.1 Userrequirement compliance

' ASNJ NBljdZANBYSyida F2NJ NEBFSNByOS t wTame3dnwhieY k K
on the right side the accuracy obtained by thdNPSSMIS product ibomparison with DPRIS data
issummarized. Results are below to the target (150%) for validation over Sea andaf&aassand

for all areas without distinctions. Only over Land areas the accuracy downgrades slightly exceeding

the target, but not the threshold.

Between target | Between threshold | Threshold exceedeq Threshold exceeded
and optimal and target by <50 % 0 € 500

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

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

thresh | target | optimal

X ™M YY| 200 150 100 165 116 109 132

Table33 URand compliance analysis ##N-SSMIS produaver FD area

5.1.1.3.2 Monthly accuracy

The monthly accuracgbtained for product RIN-SSMISn comparison with DRRSestimatesis
shown inFigure26 over land (panel a), sea (panel b) and Full Disk area (parilecpercentage
contribution of different areasrespect to the fulisk coverage is shown in paneRlease note that
coast aras represent only 4% of the full dataset: these data are not representative and are not
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individually shown in figure. However, data over coast areas are included in overall (Full Disk)
results. Sea areas represent obviously the most part of dataset withy @ile land areas are 37%.

The results on land are quite namiform. There is no precise seasonal trend, and they range from
90% to over 200%. €hrend is different over Sea, where the results are better and, above all, much
more stable with values bateen 100 and 140%ll values are below tthe target with an average
value equato 116%. The full disk result confirms the good quality of the product, with an average
value equadto 132%uwith values between 100 and 170%.

P-IN-SSMIS vs DPR 2019/06 - 2020/05

Land Sea
3 — T ——
a) b)
9 - 9
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Figure26: P-IN-SSMISnonthly accuracgvaluated respect @PRNS oveMSG full disk coverage
forLand (a) and Sea (b) areas.r€kealts over Full Disk armashown in the panel dpackground colors highlight the
accuracy defined Byser Rquiremergin terms of FSEcore.The horizontal black dotted line indicates the mean value.
The composition of tHeDresults in terms dfifferentsurface types (sea, land and cossshown in panel d.

5.1.1.3.3 Multi-categorical statistics
The multi-categorical statistics are below shown. In each table, the first column indicates the
precipitation classes of the HAF product, while along the columns are reported the reference-(DPR
NS product) precipitation classes. The first class detectstddh Ay Of | aa 6 n Xt wr .
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aS02yR Oflaa RSGSOGA& GKS fAIKAG NIAY OndHp XKt v
NI §Sa OomMXtwfmn YYKKOI gKAES GKS f1ad 2yS Of |

The detection of n@ain areasdr product RPIN-SSMIS in comparison with DR estimates reaches

the 97% of cases. Light rain rates (PR between 0.25 and 1 mm/h) is often underestimated, mainly
over sea and coastlines. Stratiform rain rates are very well detected in 70% of total céses wi
acceptable low missing values (25%). Also convective areas are mainly well detected in 55% of case
even if there is a slight tendency to underestimate this precipitation intensity. 7 convective events
out 10 are well detected over land areas.

Land | Sea | Coast - Full Disk

Multi-Categorical Statistics

P-IN-SSMIS vs DPR [0 - 0.25[ mm/h [0.25 - 1] mm/h [1-10[ mm/h 010 mm/
[0 - 0.25[ mm/h 97%| 97% | 97% | 47% | 58% | 58% | 10% | 18% | 14% | 0% 2% | N/A
[0.25 - 1[ mm/h 2% | 2% 2% | 24% | 17% | 17% | 13% | 9% 8% 0% 0% | N/A
[1-10[ mm/h 1% | 1% | 1% | 30% | 25% | 25% | 71% | 70% | 76% | 30% | 46% | N/A
010 mm/ h 0% | 0% | 0% | 0% | 0% | 0% | 6% | 3% | 3% | 70% | 51% [ N/A

Table34 Multicategorical table for produINSSMISver land, sea and coast MSG full disk areas.
The precipitation classes along the columns (rows) are relative NSRS SMI$ precipitation.

Overall - Full Disk

Multi-Categorical Statistics

P-IN-SSMIS vs DPR [0 - 0.25[ mm/h [0.25 - 1] mm/h [1-10[ mm/h 010 mm/
[0 - 0.25[ mm/h 97% 54% 15% 2%
[0.25 - 1[ mm/h 2% 19% 10% 0%
[1-10[ mm/h 1% 27% 70% 43%
010 mm/ h 0% 0% 4% 55%

Table35 Multicategorical table for prodUiNSSMISver the MSG full disk area.
Theprecipitation classes along the columns (rows) are relative td DPIRN-SSMIF precipitation.
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5.1.2 Quality assessment for produ@-IN-MHS(HOZB)
5.1.2.1 Overview

Product ID (Acronym) | HOZB (P-IN-MH9S

Product name Precipitation rate at ground by MW crefisck scanners (with
indication of phase)

Algorithm version Latest version: 2.0
number Version considered for Q.A.: 2.0
Covered period 17/10/2019¢ 31/05/2020(operational since 17/10/2019)

Q.A. methods applied | Continuous statisticy ME, SD, MAE, MB, RMEBE

Multi-categorical POD, FAR, CSI
statistics

Contributing BE, BU, DE, HU, IT, PL, 8K, T
countries

Validation of IN-MHS product in relation with reference data over different extension areas are
here illustrated Validation has been performealver the FD area in comparison with DPR estimates
and over EU area in comparison wiéin gaugeand radameasurements. For both methodologies,
are shown continuous and muitiategorical statisticsof the periodas indicated in the overview
table. Prodwct RIN-MHS becomes operational since®@ct., 2019: starting from this date, up to
31t May, 2020, the validation results are here shown.

5.1.2.2 Ground validation over EU area

The accuracy d*-IN-MHS producthas been evaluated faeRDprecipitationrates deected above
1mm/hd wxm YYk KO P hdsbeederformRd: b§ dognifies indicated in the overview
table and supervised byltalian DPC.The validation procedure evaluatesnly liquid phase
LINSOALI G GA2Y ¢ A Kaslindidatedn thé satéllitel pfodiliEt). SatelitedFeR BfR ¢
Views not fully covered b§RDdata (or with percentage of coverage less than 50%) are discarded
by the Q.A. procedure in order to increase the significance of the statistical saRgselts are
computed on8 milion pairs of satelliteground data.

5.1.2.2.1 Userrequirement compliance

InTable36 (1 KS dza SNJ NBIjdZANBYSyid (KNBaKz2fRa FT2N tw
accuracy obtainedby P-IN-MHS producturingthe validation periodn comparisorwith radarand
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rain gauge da ishere summarizedResults showgood values beingery close to the optimal
requirementmainly over land areas for gauge and radar comparisons, and then for results overall
surface typesAlso accuracy results over sea and coastlines are between tangetptimal values.

Between target | Between threshold | Threshold exceedeq Threshold exceeded

and optimal and target by <50 % 0e X pn
P-IN-MHS Annual average of FSE (%)
Precipitation| Requirement (FSE %] aqar radar radar gauge | oo
Class  |thresh|target| optimal | (Land) | (Sea) | (Coast) | (Land)
X ™M Y| 200 | 150 100 107 135 119 105 117

Table36 URand compliance analysis ffN-MHS product over EU area

5.1.2.2.2 Monthly accuracy

The product accuracy, in terms of FSE%havn n Figure27 in comparison with radar (panel a)
and rain gauge data (panel b). The overall results without any distinction between reference
instruments are showmipanel c. In each panel the background colours highlight the requirement
areas as indicated in the UR table for instantaneous precipitation prodlakde5). The haizontal

black lineshow the correspondingSEvalues computed for the full analyzed period. In the panel d

is reported the percentage contribution of all reference data to the overall results, namely radar
sea, radar land, radar coast and rain gauge data

The accuracy of -mN-MHS product shows an extremely stable trend for both radar and guage
comparisons, with mean values equal to 112% and 105% for radar and gauge, respectively. Th
overall monthly accuracy results (panel c) range between 100% and it30fdws very stable trend

with value very close to the optimal result and it never exceeds the target requirement. Finally, the
panel d highlights as most of the data belong to radar land group (54%) and then to gauge land one
(30%). Only 7% and 9% bedpto coast and sea areas, respectively.
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Figure27 P-INMHSannual validation using Radar (a) and Gauge (b) as ground reference. The Overall validation is shov
in the panel cBackground colours highlight the requirement thresholds as repoFianlef6 The horizontal black line
indicates the accuracy value computed for the full periodingheground contributions are displayed in the panel d).

The monthly continuous statistical scores separately analyzed for land, sea and coast areas ir
O2YLI NRAazy gAGK NBFSNBYOS RFEGE 1MWB2NItw X M YY

5.1.2.2.3 Multi-Categorical statistics

In the following tables, the first column indicates the precipitation classes of the satellite product,
while along the columns are reporteéde GRDprecipitationclasses. The first class detects the no
NFAYy Oflaa onXtwrndup YYKKOI (KS aS0O02yR Of I &
Of Faa OflaairiTAasSa GKS aGNIOGAT2NY NIAYy NIFGSa «
Ot wxmn YYKKOO®

The P-IN-MHS product correctly detectsthe no-rain area in over92% of caseshowever in all
precipitation classes is evident the tendency to underestimate the precipitation rate, mainly for
heavy rainfall rate. Better values are reached for stratiform rain rates over sea with 62% of cases
correctly detected. In details: light arstratiform rain rates are detected in 32 and 54% of total
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cases, respectively, with better performances in comparison with radar over land (35%) for light
precipitation and over sea (62%) for stratiform rain rates. Convective areas are not well classified
on average only 9% of heavy precipitation cases are correctly detected, with values ranging between
2% for radar over land and 21% over sea.

The tendency to underestimate the precipitation observed by GRD measurements is also observec
in Figure A as highlighted by Mean Error and Multiplicative Bias scores.

Radar Land | Sea | Coast

Multi-Categorical Statistics

P-IN-MHS vs GRD [0-0.25[ mm/h [0.25- 1[ mm/h [1-10[ mm/h XMna YYK
[0-0.25[ mm/h 92% | 95% | 97% | 31% | 31% | 48% | 15% | 12% | 22% | 2% 0% 5%
[0.25- 1[ mm/h 5% 4% 2% | 35% | 32% | 24% | 32% | 20% | 22% | 21% | 4% 8%
[1-20[ mm/h 3% [ 2% | 1% | 34% | 36% | 28% | 52% | 62% | 55% | 75% | 75% | 80%
XM YYkK 0% [ 0% | 0% | 0% | 1% | 0% | 0% | 5% | 2% | 2% | 21% | 8%

Table37 Multicategorical table for producil®MHS' radar validation over lanska and coast areas. The precipitation
classes along the columns (rows) are relative to ground (satellite) precipitation.

Gauge Land
Multi-Categorical Statistics
P-IN-MHS vs GRD [0-0.25[ mm/h [0.25- 1[ mm/h [1-10[ mm/h XMna YYK
[0-0.25] mm/h 92% 40% 21% 3%
[0.25- 1] mm/h 5% 30% 26% 19%
[1-10[ mm/h 3% 31% 52% 71%
XMna YYKK 0% 0% 0% 7%

Table38 Multicategorical table for prodd2INMHS' rain gauge validation over land. The precipitation classes along the
columns (rows) are relative to ground (satellite) precipitation

Overall

Multi-Categorical Statistics

P-IN-MHS vs GRD

[0-0.25] mm/h

[0.25- 1[ mm/h

[1-20[ mm/h XMn YYK

[0-0.25[ mm/h

92%

35%

17% 2%
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[0.25- 1] mm/h 5% 32% 28% 14%
[1-10[ mm/h 3% 33% 54% 75%
¥XMn YYKK 0% 0% 1% 9%

Table32 Multicategorical table for produiINMHS Overall validation. The precipitation classes along the columns
(rows) are relative to ground (satellite) precipitation.

5.1.2.3 Comparison over FD area

The \alidation procedure over FD ardaas beerdeveloped by the PPVG and conducted by Italian
DPC. DRRS poduct represents the reference for instantaneous precipitation rate over the global
coverage. As for validation over the EU arétze accuracy othe satellite producthas been
evaluated forreference data above 1 mm/bverthe same oneyear long periodValues obtained

by the FSE score define treecuracyof the H SABroduct Monthly accuracy and multategorical
statistics are hershown.

5.1.2.3.1 Userrequirement compliance

' ASNJ NBIljdZANBYSyiGa FT2NJ NEFSNBYyOS t wTameddnwhieY k K
on the right side the accuracy obtained by théNPMHSproduct in comparison with DRRS data

is summarized. Results are below to the target (150%) for validation over Sea and Coast areas an
for all areas without distinction@verall results)Only over Land areas the accuracy downgrades
slightly exceedinghe target, but not the threshold.

Between target | Between threshold | Threshold exceedeq Threshold exceeded

and optimal and target by <50 % 0e x pn
P-IN-MHSvs DPR Annual average of FSE (%)
Precipitation Requirement (FSE %)
Land Sea Coast |OVERAL
Class :
thresh | target | optimal
X M YY]| 200 150 100 156 144 96 146

Table4Q URand compliance analysis 3iNMHSproductover FD area
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5.1.2.3.2 Monthly accuracy

The monthly accuracgbtained for product RIN-MHSin comparison with DRRS estimatesis

shown inFigure28 over land (panel a), sea (panel b) and Full Disk area (parilecpercentage
contribution of different areasrespect to the fultlisk coverage is shown in paneRlease note that

coast areas represent only 1% of the full dataset: these data are not representative and are not
individually shown in figure. However, data over coast areas are included in offeuHlDisk)
results. Sea areas represent obviously the most part of dataset with 74%, while land areas are 25%

The results on land are quite namiform. There is no precise seasonal trend, and they range from
50% in October to 200% in November. The tremdifferent over Sea, where the results are better
and, above all, much more stable with values around 150% and a mean value equals to 144%. Th
full disk result confirms the goodness results, with an average value equals to 146% and values
between 130 ad 160%.

P-IN-MHS vs DPR 2019/06 - 2020/05
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Figure28: P-IN-MHSmonthly accuracgvaluated respect @PRNS oveMSG full disk coverage
forLand (a) and Sea (b) areas.reBalts over Full Disk arsashown in the panel ddackground colors highlight the
accuracy defined by UsezdRiiremertin terms of FSEcore.The horizontal black dotted line indicates the mean value.
The composition of tHeDresults in terms dfifferentsurface types (sea, land and cossshown in panel d.
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More continuous statiscal scores and results are shown in Apperidi

5.1.2.3.3 Multi-categorical statistics

The multicategorical statistics are below shown. In each table, the first column indicates the
precipitation classes of the BAF product, while along the columare reported the reference (DPR

NS product) precipitation classes. The first class detects tlddhol y Of | && 6 n XKt wr .
aS02yR Oflaa RSGSOGa GKS tAIKGE NIAY O6ndHpXKtv
NI GSa o6 wmXtavk winS YvkK otz ad 2yS OflaairAFfAaAsSa GKS
The detection of naain areas for productdN-MHSin comparison with DRRS estimates reaches

the 97% of cases. Light rain ratase often underestimated, mainly over sea and coastlines.
Sratiform rain rates are well detected i68% of total cases with low missing valueg¥d.Finally
convective areas are detected 41% of cases, even if there is a slight tendency to underestimate
this heavyintensity.

Land | Sea | Coast - Full Disk

Multi-Categorical Statistics
P-IN-SSMIS vs DPR [0 - 0.25[ mm/h [0.25 - 1] mm/h [1-10[ mm/h 010 mm/
[0 - 0.25[ mm/h 96%| 97% | 97% | 46% | 62% | 62% | 8% | 16% | 22% | 0% 0% | N/A
[0.25 - 1] mm/h 3% | 2% | 2% | 22% | 14% | 15% | 16% | 12% | 14% | 4% | 1% | N/A
[1 - 10[ mm/h 1% | 1% | 1% | 31% | 24% | 22% | 68% | 68% | 64% | 42% | 60% | N/A
610 mm/ h 0% | 0% | 0% | 0% | 0% | 0% | 9% | 4% | 0% | 54% | 39% | N/A

Table41 Multicategorical table for produiINMHSover land, sea and coast MSG full disk areas.
The precipitation classes along the columns (rows) are relative-NSIFAIRRMHS precipitation.

Overall - Full Disk
Multi-Categorical Statistics
P-IN-SSMIS vs DPR | [0 - 0.25[ mm/h [0.25 - 1] mm/h [1-10[ mm/h 010 mm/
[0 - 0.25[ mm/h 97% 59% 15% 0%
[0.25 - 1] mm/h 2% 16% 12% 1%
[1 - 10[ mm/h 1% 25% 68% 57%
010 mm/ h 0% 0% 5% 41%

Tabled42 Multicategorical table for produiNMHSover the MSG full disk area.
Theprecipitation classes along the columns (rows) are relative td DPIRNMHS precipitation.
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5.1.3 Quality assessment for produ¢-IN-SEVIR(HO3B)
5.1.3.1 Overview

Product ID (Acronym) | HO3B (P-IN-SEVIRI

Product name Precipitation rate at ground by GEOARpported by LEO/MW
Algorithm version Latest version: 2.0

LTSS Version considered for Q.A.: 2.0

Covered period 01/06/2019¢ 31/05/2020

Q.A. methods applied | Continuous statisticy ME, SD, MAE, MB, RMSE, FSE

Multi-categorical POD, FAR, CSI
statistics

Contributing BE, BU, DE, HU, IT, PL, 8K, T
countries

Validation of FIN-SEVIRI product in relation with reference data over different extension areas are
here illustrated Validation has been performealer the FD area in comparison with DPR estimate
and over EU area in comparison with GRD measurements gatagaugs and rada). For both
methodologies, are shown continuous and mughitegorical statisticof the periodas indicated in

the overview table

5.1.3.1.1 Ground validation over EU area

The accuracy d*IN-SEVIRI produtias been evaluated f@dRDprecipitationrates detected above
1mmh(t wxm Y YK KO ® has'beederfolmd b§ doanyfies indicated in the overview
table andsupervised bytalianDPCThe validation procedure eluatesonly precipitationdatawith
confidence valugas indicatedn the satellite productpreater then 50%Satellite Field Of Views not
fully covered byGRDdata (or with percentage of coverage less than 50%) are discarded by the Q.A.
procedure in orér to increase the significance of the statistical samplesults are computed on
more than 200million pairs of satelliteground data.

5.1.3.1.2 Userrequirement compliance

InTable43(G KS dzaSNJ NBIljdZA NBYSyid (KNBaKz2fRa TFT2N tw
accuracy obtained foP-IN-SEVIRproductin the full validation period withradarand rain gauge

data issummarizedResults are around the target value (150%): results over land and coast by radar
measurements are between threshold and target, while results over sea (with radar) and with
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raingauges are below target. Overall results without any distinctidwéen reference instruments
are perfectly equal to the target value.

Between target | Between threshold | Threshold exceedeq Threshold exceeded

and optimal and target by <50 % 0e X pn
P-IN-SEVIRI Annual average of FSE (%)
Precipitation | Requirement (FSE %| Radar | Radar | Radar | Gauge OVERAL
Class  |thresh|target|optimal| (Land) | (Sea) | (Coast) | (Land)
X ™M Y] 200 | 150 100 174 149 162 125 150

Table43 URand compliance analysis f4#N-SEVIRI product over EU area.

5.1.3.2 Monthly accuracy

The product accuracy, in terms of FSE%, is showigure29 in comparison with radar (panel a)

and rain gauge data (panel b). The overall results without any distinction between reference
instruments are shown in panel c. In each panel the background colours highlight the requirement
areas as indicated in the U&ble for instantaneous precipitation produciBable25). The horizontal

black lineshow the correspondingSEvalues computed for the full analyzed period. In the glah

is reported the percentage contribution of all reference data to the overall results, namely radar

sea, radar land, radar coast and rain gauge data.

Generally,the accuracy of #N-SEVIRproduct with rain gauge measurements (128%, panel b)
shows béter agreement respect to radar data (165%, panel a), resulting in an overall mean values
equal to the target requirementl50% panel c). Results by gauges represent the most part of the
whole dataset (59%, panel d).
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Figure29 P-INSEVIR&NNual validation using Radar (a) and Gauge (b) as ground reference. The Overall validation is
shown in the panel &ackground colours highlight tbiser Rquirement threshold¥he horizontal black line indicates
the accuracy value compdttor the full period. The single ground contributions are displayed in the panel d).

More continuous statistical scores are shown in Appeddx

5.1.3.3 Multi-Categorical statistics

In the following tables, the first column indicates the precipitation classes of the satellite product,
while along the columns are reportdtle ground precipitéion classes. The first class detects the
noNJ> Ay Ofl&aa onXtwrndup YYKKOXEI GKS aSO2yR Of
GKANR Oflaa OflaairifTasSa GKS aidNIGATFT2NY NIAyYy |
NI} GSa8 o6t wxmn YYKKO

The RPIN-SEVIRI product correctly detects the-nrain area for 84% of total cases, with the best
agreement over sea (91%). However, the following rustegorical tables highlight the tendency

of the satellite product to underestimate all precipitatiatasses. In details: light rain rates are
detected in only 15% of total cases with values ranging between 12% for radar over coast and land
and 16% for gauges. Better success scores are relative to stratiform rain rates: these are well
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detected in 35% otases, with peaks of 39% over sea. Finally, 14% of total convective cases as
detected by GRD measurements are well classified-i:$EVIRI.

Generally, it is evident a clear propensity to underestimate the rainfall intensity in all precipitation
regimes.This behaviour is also highlighted in Mean Error and Multiplicative Bias results shown in

Figure A.

Radar Land | Sea | Coast

Multi-Categorical Statistics

P-IN-SEVIRIvs GRD | [0-0.25[ mm/h [0.25- 1] mm/h [1-10[ mm/h KMA Y YK
[0-0.25[ mm/h 88%| 91% | 88% | 59% | 58% | 56% | 46% | 44% | 44% | 28% | 20% | 24%
[0.25- 1[ mm/h 5% | 4% | 5% | 12% | 13% | 12% | 12% | 13% | 13% | 9% | 9% | 9%
[1-10[ mm/h 6% | 5% | 6% | 27% | 27% | 28% | 36% | 39% | 36% | 50% | 58% | 47%
XKMA  YYkKK 0% | 0% | 0% | 2% | 3% | 3% | 5% | 4% | 6% | 13% | 14% | 20%

Tabled4 Multicategorical table for produciiRSEVIRI radar validation over lanskea and coast areas. The precipitation
classes along the columns (rows)ratative to ground (satellite) precipitation.

Gauge Land
Multi-Categorical Statistics
P-IN-SEVIRI vs GRD | [0-0.25[ mm/h [0.25- 1] mm/h [1-10[ mm/h XMn  YYK
[0-0.25[ mm/h 80% 63% 46% 22%
[0.25- 1[ mm/h 10% 16% 18% 13%
[1-10[ mm/h 10% 21% 34% 53%
XMna YYKK 0% 1% 2% 13%

Table45 Multicategorical table for pradt RINSEVIRI rain gauge validation over lafdhe precipitation classes along
the columns (rows) are relative to ground (satellite) precipitation.

Overall

Multi-Categorical Statistics

P-IN-SEVIRIvs GRD | [0-0.25] mm/h [0.25- 1] mm/h [1-10[ mm/h XKMA Y YK
[0-0.25] mm/h 84% 61% 46% 24%
[0.25- 1] mm/h 8% 15% 16% 11%
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[1-210[ mm/h 8% 23% 35% 52%
XM YYkK 0% 1% 3% 14%

Table46 Multicategorical table for produci®SEVIRI Overall validatiaThe precipitation classes along the columns
(rows) are relative to ground (satellite) precipitation.

5.1.3.4 Comparison over FD area

The \alidation procedure over FD ardaas beerdevelopedby the PPVG and conducted by Italian
DPC. DRPRS product represents the reference for instantaneous precipitation rate over the global
coverage. As for validation over the EU aréfae accuracy othe satellite producthas been
evaluated forreference dataabove 1 mm/hoverthe same oneyear long period. Values obtained

by the FSE score define treecuracyof the H SABroduct Monthly accuracy and muttategorical
statistics are here shown.

5.1.3.4.1 Userrequirement compliance

' ASNJ NBIljdANBYSyGa T2NJ NEFSNByOS t wTamedMmwhieY k K
on the right side the accuracy obtained by thé\NPSEVIRbdroduct incomparison with DPRIS data

is summarized. Results astightly abovehe target (150%)mainly in comparison over land areas
with values very close to the threshold and along coastli@egrseaareas(that represent the most

part of data)the accuracy downgraddselow the targetwith a value equal to 149%. The overall
results are between target and threshold with a mean value of 162%.

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

P-IN-SEVIRVs DPH Annual average of FSE (%)

Requirement (FSE %)
Precipitation Class Land Sea Coast |OVERAL

thresh | target | optimal

X M YYLl 200 150 100 196 149 155 162

Table47 URand compliance analysis #fN-SEVIRproductover FD area

5.1.3.4.2 Monthly accuracy

The monthly accuracgbtained for product RIN-SSMISn comparison with DRRSestimatesis
shownin Figure30 over land (panel a), sea (panel b) and Full Disk area (parilecpercentage
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contribution of different areasrespect to the fultlisk coverage is shown in paneRlease note that

coast aeas represent the 9% of the full dataset: these data are less representative respect to sea
and land areas and therefore are not individually shown in figure. However, data over coast areas
are included in overall (Full Disk) results. Sea areas reprelsenmnost part of dataset with 70%,
while land areas represent the 21% of data.

As in the first two precipitation products, the results over land are quite-moiform. However,

there is seasonal trend with lower values in summertime (JJA) and worser riesofteer months.
Results over land range between 150% and 220%, with a mean value very close to the thresholc
equals to 196%. Results over sea are better and mainly more stable respect to land ones, with al
values very close to the target (150%). Theultssover the full disk area confirms the accuracy
detects over sea, with an average accuracy equal to 162% slightly above the target. Results are
better during warmemonths (JJAS and Maralkespect to wintertime

P-IN-SEVIRI vs DPR 2019/06 - 2020/05

Land Sea
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Figure30: P-IN-SEVIRinonthly accuracgvaluated respect @PRNS oveMSG full disk coverage
forLand (a) and Sea (b) areas.rEkealts over Full Disk arsashown in the panel dpackground colors highlight the
accuracy defined by UsezdRiiremert in termsof FSEscore.The horizontal black dotted line indicates the mean value.
The composition of tHeDresults in terms dfifferentsurface types (sea, land and cossshown in panel d.

More continuousstatistial score are shown i\ppendix1.6.
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5.1.3.4.3 Multi-categorical statistics

The multicategorical statistics are below shown. In each table, the first column indicates the
precipitation classes of the HAF product, while along the columns are reported the reference-(DPR
NS product) precipitation classes. The first class detects tlddhol y Of | && 6 n XKt wr .
aSO02yR Ofladaa RSGSOGa GKS fA3IKGAG NI A yratioom®ainp Xt v
NI §Sa omMXtwsfmn YYKKOI gKAES GKS f1ad 2yS Of |
The detection of ngain areas for productdN-SEVIRh comparison with DRRS estimates reaches

the 94% of cases. Light rain ratase often underestimated, mainly over sea aralongcoastlines.
Stratiform rain rates are detectednly in33% of total cases witimportant missing value$62%)
Underestimation is particularly pronounced over Sea and along coasthimagly,convective areas

are detectedn 29% oftotal caseswith better values over land (45%). Generally, for all precipitation
rates above 0.25mm/h the-MN-SEVIRI performance is worser along coastiamesover sea.

Land | Sea | Coast - Full Disk

Multi-Categorical Statistics
P-IN-SEVIRI vs DPR | [0 - 0.25[ mm/h [0.25 - 1[ mm/h [1-10[ mm/h 010 mm/
[0 - 0.25] mm/h 91%]| 95% | 94% | 64% | 77% | 80% | 35% | 50% | 59% | 6% | 13% | 17%
[0.25 - 1[ mm/h 5% | 3% 4% | 15% | 10% | 10% | 17% | 15% | 15% | 6% 9% 9%
[1-10[ mm/h 4% [ 2% 2% | 19% | 12% | 10% | 39% | 32% | 24% | 44% | 52% | 45%
010 mm/ h 0% [ 0% 0% 2% 1% 0% 9% 4% 2% | 45% [ 25% | 29%

Table48 Multicategorical table for produiN-SEVIRbver land, sea and coast MSG full disk areas.
The precipitation classes along the columns (rows) are relative-NSIFAIR'SEVIRIprecipitation.

Overall - Full Disk
Multi-Categorical Statistics
P-IN-SEVIRI vs DPR| [0 - 0.25] mm/h [0.25 - 1] mm/h [1-10[ mm/h 010 mm/
[0 - 0.25[ mm/h 94% 75% 47% 12%
[0.25 - 1] mm/h 3% 11% 15% 9%
[1 - 10[ mm/h 3% 14% 33% 50%
010 mm/ h 0% 1% 5% 29%

Table49 Multicategorical table for prodUIN-SEVIRbver the MSG full disk area.
Theprecipitation classes along the columns (rows) are relative td DPRNSEVIRIprecipitation.
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5.1.4 Quality assessment for productRGSEVIRI (HO5B)
5.1.4.1 Overview

Product ID (Acronym) | HO5B (PAGSEVIRI

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

number Version considered for Q.A.: 2.0

Covered period 01/06/2019¢ 31/05/2020

Q.A. methods applied | Continuous statisticy ME, SD, MAE, MB, RMSE, FSE

Multi-categorical POD, FAR, CSI
statistics

Contributing BE, BU, DE, HU, IT, PL, 8K, T
countries

P-AGSEVIRI product estimates the accumulated precipitation at grouhdsibeervalidated over

EU area in comparison with GRD measurements daiia §augsand radaj, while over the FD area

in comparison with daily GRD measurements obtained from GPCC and GLDAS datasets using
methodology. For more details about TC and datasets used for this methodology, please refer to
Global Precipitation Reference Dasaction For both methodologies, continuous and multi
categorical statisticor the full period as indicated in the overview table are here shown

5.1.4.2 Ground validation over EU area

The accuracy d»-AGSEVIRI produtias been evaluated f@sRDprecipitationrates cetected above

M YYKRIE& 6/ w XMYY khaslbeenh perfdned 8Bl coukties indicatgd in the
overview table andupervised bytalianDPCThe validation procedure evaluatesly precipitation
datawith confidence valudas indicatedn the satelite product)greater then 50%Satellite Field Of
Views not fully covered b§RDdata (or with percentage of coverage less than 50%) are discarded
by the Q.A. procedure in order to increase the significance of the statistical saRgselts are
computedon more than 50million pairs of satelliteground data.

5.1.4.2.1 Userrequirement compliance

InTable500 KS dza SNJ NBIljdZANBYSYy i (GKNBaKz2tRa F2NJ / w
The &curacy obtained foP-AGSEVIRI produciver 24h duringhe validation periodn comparison
with radar and rain gaugeneasurementss summarized in tableAccuracy results range between
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151-152% over land areas and 175% over sea. The resulting overall result is above and close to th
target requirement, equals to 156%.

Between target | Betweenthreshold | Threshold exceedeq Threshold exceeded

and optimal and target by <50 % 0e X pn
P-AGSEVIRI 24h Annual average of FSE (%)
o Requirement (FSE %) | Radar| Radar| Radar | Gauge
Precipitation Class (Land)| (Sea) | (Coast] (Land) OVERALI
thresh | target | optimal
X M YY 200 150 100 152 175 159 151 156

Table50 URand compliance analysis f¥AGSEVIRproductover 24 houts

5.1.4.2.2 Monthly accuracy

The accuracy, in terms of FSE%, is shovigare31in comparison with radar (panel a) and rain
gauge data (panel b). The background colours highlight the requirement areas as indicEabtein

50. The horizontal black lines show the corresponding FSE values computed for the full period. The
overall results are shown in panel c, while in the panel d is reported the percentage contribution of
radar sea, land andoast data and for rain gauge data.

The accuracy of-RGSEVIRI product over 24h show stable values during the analysed period with
respect to radar and gauge datajthva generaltendency for the error to decrease over time
Scores for radar and gaugare very similar: they reach a maximuraluein June(200% and a
minimum in February110%. The average values are around 150%, slightly b&ttegauges. The
overall result reflects the trends of the individual referencHse percentage contributionighlights

as radar over land areas represent the most part of the dataset (55%), while gauge data represent
a quarter of the dataset. Finally, radar data over sea and coastlines reach 10% singly.
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Figure31 P-AGSEVIRI over 24dmnual validation using Radafa) andGauge (b) as ground reference. The Overall
validation is shown in the panel)cBackground colours highlight the requirement thresholds as reporianles0 The
horizontablack linandicategheaccuracy value computed for the full pefibd.single ground contributios are
displayed in the panel d).

The monthly continuous statistical scores computed for different surfacesomparison with
NEFSNBYOS RFEGFE F2NJ/w X M YIV. 208SNJ HnK I N5 NB

5.1.4.2.3 Multi-Categorical statistics

In the following tables, the first column indicates the precipitation classes of the satellite product,
while along the columns are reportdtle ground precipitationclasses. The first class detects the
no-rain class, with PC<1l mm/24h, the second classtifies the accumulated rain between
MXt / fmMn YYKHNKIE gKAES GKS flLadg 2yS OflFaaAr¥fas
The first class is correctly identified in more than 7 cases ouTli@®.second and third classes are
properly detected withsimilar overallmean valus of 45 and 43%, respectivelyScores respect to
gauge measurements are very stable, much more than respect to the comparison with radar
estimates.
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Radar Land | Sea | Coast

Multi-Categorical Statistics

P-AC-SEVIRI vs GRD < 1mm/24h [1-20[ mm/24h XMN 240 K

< 1mm/24h 71% 72% 73% 40% 32% 41% 15% 9% 13%
[1-20[ mm/24h 25% 23% 23% 46% 44% 43% 46% 31% 40%
XM N 24 K 4% 5% 4% 14% 24% 16% 39% 60% 47%

Table51 Multicategorical table for produetAGSEVIRI ove24hi radar validation over lanska and coast areas. The

precipitation classes along the columns (rows) are relative to ground (satellite) precipitation.

Gauge Land
Multi-Categorical Statistics
P-AC-SEVIRI vs GRD < 1mm/24h [1-10[mm/24h XM 24 K
< 1mm/24h 73% 44% 17%
[1 - 10[ mm/24h 23% 43% 42%
XM 24K K 4% 13% 41%

Table52 Multicategorical table for pradt P-AGSEVIRI ove24hi rain gauge validation over lafithe precipitation
classes along theolumns (rows) are relative to ground (satellite) precipitation.

Overall

Multi-Categorical Statistics

P-AC-SEVIRI vs GRD < 1mm/24h [1-10[ mm/24h XMN 24 K
< 1mm/24h 72% 40% 14%
[1-10[ mm/24h 24% 45% 43%
XMN 24 K 4% 15% 43%

Table53 Multicategorical table for produetAGSEVIRI ove24hi Overall validatiorThe precipitation classes along the

columns (rows) are relative to ground (satellite) precipitation.

5.1.4.3 Comparison over FD area
The alidationprocedure over FD ard@as beerdeveloped by the IRRINR and conducted by Italian

DPC. TC methodology is applied betweeR@FSEVIRI, GPCC and GLDAS datasets over the MSG FL



Doc. No: SAF/HSAF/OpRep/2020_S1_S2
EUMETSAT OperationsReport Version: 1.0
H SAF 2020 S1/s2 Date:25/06/2021

Page96/226

coverage. fie accuracy othe satellite products evaluatedby the CC scoreresults for different
areas and monthly arkere shown.

5.1.4.3.1 User requirement compliance

User requirementsand compliance analysis for H SAF produetreportedon Table87. CC esults

are computed over land and sea areas and along coastlines. However, results are not available ove
sea being a comparison with gauges. The full disk area is composed by 60% of sea, 36% land and -
coasts. Overall results are hence computed over land adts that represent the 40% of total
coverage. Final UR results are acceptable with values equal to target (0.65) for land, while 0.64 anc
0.57 for overall and coastlines areas respectively, with values between target and threshold.

Between target

Between threshold

Threshold exceeded

¢tKNBakKz2f R

g

and opimal and target by <50% 50%
P-AGSEVIRby TG Annual average of CC
Precipitation Requirement (CC) Land Sea Coast
OVERAL
Class : (36%) (60%) (4%)
thresh | target | optimal
X n Yy 0.50 | 0.65 0.80 0.65 N/A 0.57 0.64

Table54 URand compliance analysis f¥AGSEVIR{24h)yroductover FD area by TC methodology

5.1.4.3.2 Monthly accuracy

TheURscoreused in the T methodologys the CC. The monthly trend obtained for the triplet of
datasets used is shown in tli@gure32. The blue bars indicate the results for tReSAFatellite
product (P-AGSEVIRI)n green those obtained from GP@&ta, while in orange those from GLDAS
dataset The colored background highlights the areas where thresholds are set for the diBsen

Focusing on the results from SEVIRI, the values range from 0.53 fwotsemonth (June 2019) to

0.68 for the best months (August, November 2019, April and May 2020). The average value
calculated on an annual basis is 0.64, which is very close to the target.

GPCC obtains comparable results tA@SEVIRI, with a very similaonthly trend.

GLDAS, on the other hand, has results in terms of CC that are lower than the previous ones ant
almost never exceed 0.50.
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Figure32 Monthly validation results (June 2818y 2020) in terms of CC (UR) score obtained by
the P-AGSEVIRI (24hgroduct (blue bars) singthe TC methodology
Background colours highlight the UR thresholds.

For more maps and results please refer to AppedadixMaps of CC and RMSE score obtained using
the TC methodology are shownkigure A4 andFigure A5, respectively. UR maps computed for
two significant months (June 201Bigure A6; and April 2020Figure A7) are also shown.

5.1.4.3.3 Multi-categorical statistics

In the following tables, thgpercentages of corrected estimates in three differgrecipitation
classesare indicated. The percentages are normalized along each column that represent the
reference for the precipitation (GLDAS and GPCC for the first two tables respectively). Thasfrst
detects the very low accumulated rain class with PC<1 mm/24h, the second class identifies the
I OO0dzydzt F 1SR NI AYy 0S06SSYy wmXt/fmMn YYKHNKIX gKA
NI Aya o6t/ xmn YYKHRNnKO®

Comparing the first two tables in wiidRAGSEVIRI estimates are classified respect to GLDAS and
GPCC ones respectively, it is possible to note higher agreement with GLDAS respect to GPC
estimates, particularly for higher precipitation class: 55% vs 36%. Generally, the classification is
more confident for very low accumulates (8%%) and for highest accumulates. The identification

of intermediate accumulates is often bad 20%) and underestimated byAGSEVIRI respect to

both reference datasets.
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Overall

Multi-Categorical Statistics

P-AC-SEVIRI Vs

< 1mm/24h [1-10[ mm/24h XM 24 K
GLDAS
< 1mm/24h 86% 53% 23%
[1-10[ mm/24h 9% 29% 22%
KM 28 K 5% 18% 55%

Table55: Multicategorical table for produetAGSEVIRI versus GLDAS @i OveralFDvalidation The precipitation

classes along the columns (rows) are relative to GLDAS (H SAF) precipitation.

Overall

Multi-Categorical Statistics

P-AC-SEVIRI vs GPCC < 1mm/24h [1-10[ mm/24h XM 24k K
< 1mm/24h 85% 65% 38%
[1-10[ mm/24h 9% 20% 26%
KM 24V K 6% 15% 36%

Table56 Multicategorical table for produetAGSEVIRI versus GPCC &4 OveralFDvalidation 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 along
each column represented by GPCC for the first columns and GabD¥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 34% and 47%, while for higher accumulates range between 31 and 37% with respect GPC

and GLDAS, respectively.
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Overall

Multi-Categorical Statistics

GLDAS V& GPCC

< 1mm/24h [1-10[ mm/24h XM 24 K
and vice versa
< 1mm/24h 96% 93% 57% 40% 31% 17%
[1 - 10[ mm/24h 4% 7% 34% 47% 38% 46%
KM 28 K 0% 0% 9% 13% 31% 37%

Table57 Multicategorical table for GLDA&&sus GPCC (and vice versa) ®4mOveralFDvalidation The precipitation
classes in the first columns aetative to GLDAS dataset; in the second columns are relative to GPCC dataset.

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

It is important to note that the best agreement for higr precipitation accumulates is reach for P
AGSEVIRI estimates in comparison with GLDAS ones (55%).

5.1.5 Quality assessment for product-mN-SEVIRCO(H15A)
5.1.5.1 Overview

Product ID (Acronym) | H15A (AN-SEVIRCQ

Product name Blended SEVIRI Convection afea0O MW Convecti\Rrecipitation
Algorithm version Latest version: 1.0

number Version considered for Q.A.: 1.0

Covered period 01/06/2019¢ 31/05/2020

Q.A. methods applied | Continuous statisticy ME, SD, MAE, MB, RMSE, FSE

Multi-categorical POD, FAR, CSI
statistics

Contributing BE, BU, DE, HU, IT, PL, 8K, T
countries

P-IN-SEVIRCO product estimates the convective precipitation over the EU domain (H SAF area).
Therefore, alidation has been performedniquelyusingGRD measurements over EU aresnr
gauge and radaestimatesas reference data i8 European countriefor the full 1-yearperiod as
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above indicated. The accuracy 6fNRSEVIRCOproduct has been evaluated by each countoy
GRDprecipitationrates detected above 5 mm/h. Tipercentconfidenceparameter available in the
satellite product was used in the validation procedure: only estimates with high confidence value
(>50%) are evaluated. Moreovenlg satellite FOV<overed by ground datior more than 50% are
assessed in the validah procedureto increase the significance of the statistical sampiesults

are computedon more than200 million pairs ofsatellite-grounddata.

5.1.5.2 Userrequirement compliance

In Table58 (1 KS dza SNJ NBIljdzZA NBYSy i (GKNBaKz2fRa TFT2N tw
accuracy obtained for-IN-SEVIRCO producin the validation period witlradar and rain gauge
data issummarzed. Results show all values around the target requirement (170%): values obtained
in comparison with radar are between threshold and target, while in comparison with gauges are
below the target. On average, the overall result is slightly above the tantfevalue equal to 172%.

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

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

L Requirement (FSE %)| Radar | Radar | Radar | Gauge
Precipitation Clas OVERAL

thresh | target | optimal (Land) | (Sea) | (Coast)| (Land)

X pYYk]| 200 170 120 177 173 198 153 172

Table58 URand canpliance analysis for productNSEVIRCQ

5.1.5.3 Monthly accuracy

The accuracy, in terms of FSE%, is shoviiigare33 in comparison with radar (panel a) and rain
gauge data (panel b). The background colours highlight the requiremeas a&s indicated in the
Table58. The horizontal black lines show the corresponding FSE values computed for the full period.
The overall results are shown in panel c,le/im the panel d is reported the percentage contribution

of radar sea, land and coast data and for rain gauge data.

The accuracy of-N-SEVIRI h  LINR RdzOli R2Say Qi akKz2g¢ ailotS @
during the full period under review. Rd&iare better for gauge comparison with respect to radar
one. The mean overall accuracy (172% in panel c) is slightly above the target requirement (170%)
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As shown in panel d, gauge data represent only a quartéreofull dataset the most part of data
areinsteadrepresented by radar estimatemainlyover land (62%).

P-IN-SEVIRI-CO 2019/06 - 2020/05

o

Radar
3\ I
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Figure33 P-INSEVIRCOannual validation using Radafa) andGauge (b) as ground reference. The Overall
validation is shown in the panel)cBackgroundolours highlight the User Requirement thresholds as repoitadla

58 The horizontdllack linendicatesheaccuracy value computed for the full pefibd.singleground contributiors
are displayed in the panel d).

The monthly continuous statistical scores divided for different surfaces in comparison with

NEFSNBYyOS RIGL

5.1.5.4 Multi

TZ2NI tw

-Categorical statistics
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In the following tables, the first column indicates the precipitation classes of the satellite product,
while along the columns are reportdtle ground precipitationclasses. The first class detects the

NI A Y
YYKKOS

0SG6SSY W™

YR p
£ 1 ad

GKAT S (KS

YYKKZ GKS
2yS OflaaArafasSa

4802y R Of I &2

GKS KA3



EUMETSAT

& HSAF

OperationsReport
2020 S1/S2

Doc. No: SAF/HSAF/OpRep/2020_S1_S2
Version: 1.0

Date:25/06/2021

Page102/226

TheP-IN-SEVIRCOproduct detects the rain rategelow 5mm/h in 64% of total cases, with values
rangingfrom 60% with rain gaugesp to 66% oversea with radarsintermediaterainfall intensities

are detectedon average in thel3% of total casesTheunderestimation is more pronounced in
comparison with radarg=inally, higher rain rates show a probability of success equals to 34%, with

peaks of 40% with gauges.

Generally, for all precipitation above 5 mm/hIRRSEVIRCO performs better respect to gauge
measurements than respect to radar estimates, mainlyhteavy rainfall rates.

Radar Land | Sea | Coast

Multi-Categorical Statistics

P-IN-SEVIRI-CO vs GRD |  [1 - 5[ mm/h [5 - 10[ mm/h XM Y YK
[1-5[ mm/h 65% | 66% | 59%| 61% | 61% | 56% | 55% | 53% | 48%
[5 - 10[ mm/h 12% | 13% | 13% | 12% | 14% | 14% | 13% | 14% | 13%
XMA  YYkKK 23% | 21% | 28% | 27% | 26% | 30% | 32% | 32% | 39%

Table59 Multicategorical table for produciiRSEVIRCOIi radar validation over lanska and coast areas. The

precipitation classes along the columns (rows) are relative to ground (gatipéation.

Gauge Land
Multi-Categorical Statistics
P-IN-SEVIRI-COvs GRD |  [1-5] mm/h [5- 10 mm/h XM YYK
[1-5[ mm/h 60% 53% 44%
[5-10[ mm/h 14% 15% 16%
XMn YYkKK 25% 31% 40%

Table6Q Multicategorical table f@roduct RINSEVIRCOi rain gauge validation over lafdthe precipitation classes

along the columns (rows) are relative to ground (satellite) precipitation.

Overall

Multi-Categorical Statistics

P-IN-SEVIRI-CO vs GRD [1 -5 mm/h [5-10[ mm/h XMn YYK
[1-5] mm/h 64% 59% 52%
[5-10[ mm/h 13% 13% 14%
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XMA YYKK 23% 28% 34%

Table61 Multicategorical table for produciiRSEVIRCOi Overall validationThe precipitation classes along the
columns (rows) are relativegimund (satellite) precipitation.
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5.2 Soil Moisture Products Quality Assessméginthesis Restsd}
5.2.1 Quality assessment for producdSM ASCAT NRT [HB8)

0.9 ——2011-2012
0.8 : - aes an an an e a» e an = — 7 (12-2013
0.7 2013-2014

2014-2015

—)(015-2016
— ) (016-2017
—— ) (017-2018
—)(018-2019
e 7019-2020
e a» threshold

target

Pearson's correlation, R
o
i

- e optimal

Sabres
Urgons
Creon
Peyrusse
Condom
Lahas
Savenes
Montaut
St Felix
Mouthou...
Lezignan
La Grand...
Mazan...
Villevieille
Mejannes
Berzeme
Cabrieres

Figure34iPear sonds correl ati on c oeadndthedestdatatset forethe diffeeemt | n
hydrological years. The tick magenta line refers to the validation foltAe2Ppériod.

In situ observations

Requirement (CC)

Median Correlation Coefficient (CC

Threshold Target Optimal
Period SMOSMANIA
JJA 0.22
0.50 | 0.65| 0.80 SON 0.80
DJF 0.70
MAM 0.60
June 209 - May 220 0.67

Table62Median Correlation Coefficient (CC) for the comparison between the test data set and in situ observations
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5211 Modelled data

Modelled data

Requirement (CC)
Median Correlation Coefficient (CC)
Threshold Target Optimal

Period SCHEME (Belgium)

JJA 0.34

0.50 0.65| 0.80 SON 0.81

DJF 0.21

MAM 0.74

June 209 - May 220 0.76

Table63Median Correlation Coefficient (CC) for the comparison between the test data set and modelled data.

5.21.2 Conclusions

Thevalidationof the test data sethrough in situ data is carried out for the period June 0May

2019. As mentioned above, only the comparison with in situ observations is appropriate. Therefore,
even though also the comparison withodelled datais reported here, the conclusions about the
product accuracy should be drawn oty considering thel9 stations inTable62.

On this basis, it is obtained that in terms of median performances at annual Sedie§3), the
test data setovercomes the threshold accuracy requirements I@rout 18 stations and for13
stationsthe target accuracys exceededThe median Correlation Coefficient (CC) for the whole
period is equal to @7 (Table63). By considering the-Bionth periods, the higher values are
obtained in theSONperiod (CC=@0) and the lower in thelJJA period (CC22).

It should be also underlined the comparison with modelled data in Belgium the product
performance is very good, close to the optimal accuracy (CC=0.76).
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5.2.2 Quality assessment for product SBIAS2 (H14)

5.2.2.1  In situ comparison

1.0 a) Pearson CC USCRN (SSM) 1.0 b) Pearson CC USCRN (RSM)

0.8 1 0.8 ’i

0.6 H 0.6

0.4 u 0.4
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1.0 c) Pearson CC SCAN (SSM) 1.0 d) Pearson CC SCAN (RSM)
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Figure35Box plots of CC values between in situ observations aBdASRfor the period 208-06-01 until 2@R0-05-
31. The surface SM scores are on the left and include the CC and anomaly C&onkeStdatcores are on the right
and hclude the CC only (anomaly CC not relevant for theoragjt
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5.2.2.2  Global Triple Collocation

Pearson correlation coefficient (R)

Global

mmm 0.7 %: No valid results
mm 234%:R<0.5

24.2 %: 0.5 >R < 0.65
EEm 309 %:0.65>R <038
EEm 208 %:R>08

Figure36 Summary of validation results of H14 NRT for the period 206-01 until 2®0-05-31. The percentage of
non-valid is shown for ghbal map. The valid results aferther divided into the predefined thresholds. The map on
top depicts the spatiadistribution of the different groups.

5.2.23 Conclusions

The SMDAS2 product was validated for the period 1/06/2019 to 31/5/2020 using in situ
observations and comparisons with other land surface/hydrological model outputs. The statistical
scores presented were based on the common validation methodology outlined at the start of CDOP
2.

To assess the degree of compliance of the product with requents, 375 (299) stations with in situ
surface (rootzone) measurements over 4 networks (3 in the USA and 1 in France) were used for the
validation. The in situ measurements were taken using electromagnetic techniques, which provide
indirect but accuratesoil moisture observations with a frequent temporal sampling (typically
hourly). A quality control screened data during frozen conditions. In general, the results
demonstrated good correlations between H14 and the in situ data, with an average CC ofid.64 a
0.67 for the surface and roatone respectively, which are close to the target CC requirement of
0.65. Particularly good results were demonstrated over the SMOSMANIA network in southwest
France (CC>0.75).
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The validation results with triple collocatiomdicate a good performance for global product, except

for parts of North America, Northern Europe and Western Australia. On a global scale, a lower
performance of the H14 NRT can be found in areas with low soil moisture dynamics (e.g. deserts) o
at higherlatitudes (sed-igure36). In the latter case, frozen soil and snow cover make it difficult to
retrieve reliable soil moisture information. Therefore, in these regimmy summer months can be

used for validation. Looking at the distribution of the results and comparing them against the
threshold/target/optimal requirement shows that nearly 76% of the locations are exceeding the
minimal threshold and more than 51% erds the target threshold (s€eigure36).

5.2.3 Quality assessment for product SSNSCAB-NRT O12.§H16)
5.2.3.1  Global Triple Collocation

(a) (b)

m— cptimal s mrget s threshold m—ptmal s tgrget s thresnold

20 1 1.00
T 15% l 25%

0.75 1 —
15 - 29% 44%

0.50

—

0.25 1

0% 379%

0.00 1

48% 5%

—0.25 A

67% 73%

(=]

Signal-to-Noise-Ratio [dB]
Pearson R [-]

-0.50 1

-0.75 1

—-10 -1.00

Global Committed Area Glolbal Commitlted Area

Figure37Theboxplots indicate the distribution of the quality benchmarks globally and just for
the committed area. A percentage of locations exceeding each of the three thresholds
is indicated as well.



Doc. No: SAF/HSAF/OpRep/2020_S1_S2
EUMETSAT OperationsRkeport Version: 1.0
H SAF 2020 S1/S2 Date:25/06/2021

Page109226

Pearson correlation coefficient (R)

Committed area Non-committed area
2.2 %: No valid results
80.2%:R< 0.5
9.8 %: 0.5 > R < 0,65
5.7%:0.65>R <038
2.0%:R>0.8

mmm 1.6 %: No valid results
mm 37.6%:R<0.5

16.7 %: 0.5 > R < 0.65
. 188 %:065>R <0.8
mm 25.3%:R>0.8

Figure38Summary of validation resutif H16 NRT for the period20&01 until 2000531. The percentage of naadid
and valid results is split into the committed andooommitted product area. The valid results for both areas are further
divided into the prdefined thresholds. The map top depicts the spatial distribution of the different groups.

5.2.3.2 Conclusions

Thevalidation resultsvith triple collocationindicate a good performance for the committed product
area, except for parts of North Americand Northern Europe. On a global $eaa lower
performance of the H16 soil moisture NRT can be found in areas with low soil malgnaeics
(e.g. deserts) or at higher latitudes (segure37and Figure38). In the latter casefrozen soil and
snow cover make it difficult to retriee reliable soil moisture informationTherefore, in these
regions only summer months can be used for validation. Looking adigtiébution of the results
and comparing them against the threshold/target/optimal requiremshbws that more than 3%
(SNR)@and 61% (Pearson R) of the locations are exceedingnihenal threshold and quit&6%
(SNR) and 4% (Pearson R) are above the target thresHoldthe committed product area (see
Figure37).
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5.2.4 Quality assessment for product SSMSCAFA-NRT O12.5H101)
5.24.1  Global Triple Collocation

(a) (b)
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Figure39The boxplots indicate the distribution of the quality benchmarks globally and just for
thecommitted area. A percentage of locations exceeding each of the three thresholds

is indicated as well.
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Pearson correlation coefficient (R)

Committed area Non-committed area
2.2 %: No valid results
79.9 %: R< 0.5
10.1 %: 0.5 > R < 0.65
58%:065>R <038
1.9%:R>0.8

1.6 %: No valid results
37.0%:R<0.5

17.3 %: 0.5 > R < 0.65
= 189 %: 0.65>R < 0.8 |
. 253%:R>0.8 "

|

Figure40Summary of validation results of H101 NRT for the perig@6219ntil 2020531. The percentage of Aon
valid and valid results is split into the committed andawnmitted product area. The valid results for both areas are
further divided into the pdefined thresholds. The map on top depicts the spatial distribution of the different groups

5.24.2 Conclusions

The validation results with triple collocatiamdicate a good performance for the committed product
area, except for parts of North Americand Northern Europe. On a global scake, lower
performance of the H101 soil moisture NRT can be found in areadawit soil moisturelynamics
(e.g. deserts) or at higher latitudes (seigure39 and Figure40). In the latter caserozen soil and
snow cover make it difficult to retrieve reliable soil moisture informatidimerefore, in these
regions only summer months can be used for validatiowklrg at thedistribution of the results
and comparing them against the threshold/target/optimal requiremshbws that more than 2%
(SNR) an82% (Pearson R) of the locations are exceetliegninimal threshold and more than 55%
(SNR) andi4% (Pearson Ryre above the targethreshold for the committed product area (see
Figure39).
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5.2.5Quality assessment for product SSMNSCAFA-NRT O25H102
5.25.1  Global Tripé Collocation
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Figure41The boxplots indicate the distribution of the quality benchmarks globally and just for
the committed area. A percentage of locations exceeding each of the three thresholds

is indicated as well.
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Pearson correlation coefficient (R)

Committed area Non-committed area
3.7 %: No valid results
77.2%:R< 0.5
10.0%: 0.5 > R < 0.65
6.6 %:0.65>R <08
2.5%:R>0.8

mmm 2.6 %: No valid results
o 34.7%: R =0.5

16.6 %: 0.5 > R < 0.65
mmm 18.5%: 065>R<0.8
. 27.5%:R>0.8

Figure42Summary of validation results of H102 NRT for the perig@e219ntil 2020531. The percentage of Ron
valid and valid results is split into the committed angammitted product area. The valid results for betisare
further divided into the pdefined thresholds. The map on top depicts the spatial distribution of the different groups.

5.25.2 Conclusions

The validation results with triple collocatiamdicate a good performance for the committed product
area, except for parts of North Americaand Northern Europe. On a global scake, lower
performance of the H102 soil moisture NRT can be found in areas with low soil maighamics
(e.g. deserts) oat higher latitudes (se€igure4l and Figure42). In the latter caserozen soil and
snow cover make it diffult to retrieve reliable soil moisture informatio.herefore, in these
regions only summer months can be used for validation. Looking adigtiébution of the results
and comparing them against the threshold/target/optimal requiremshbws that morettan 5%
(SNR) and®6 (Pearson R) of the locations are exceedingrtimémal threshold and more thabi8%
(SNR) and quitd7% (Pearson R) are above the targaeshold for the committed product area
(seeFigure4l).
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5.2.6 Quality assessment for product SSNBECAB-NRT O25H103)
5.2.6.1  Global Triple Collocation
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Figure43The boxplots indicate the distribution of the quality benchglabially and just for

the committed area. A percentage of locations exceeding each of the three thresholds

is indicated as well.
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Pearson correlation coefficient (R)

Committed area Non-committed area
11.9 %: No valid results
70.4%; R < 0.5

8.7 %: 0.5 > R < 0.65
6.5 %: 0.65 >R < 0.8
2.6%:R>0.8

mmm 8.7 %: No valid results
s 33.5%: R <0.5

15.0%: 0.5 > R < 0.65
= 18.5%: 0.65>R < 0.8
- 243%: R>038

Figure44Summary of validation results of H102 NRT for the perig@6219ntil 2020531. Thepercentage of nen
valid and valid results is split into the committed ang&awmitted product area. The valid results for both areas are
further divided into the pdefined thresholds. The map on top depicts the spatial distribution of the difbeint gr

5.2.6.2 Conclusions

The validation results with triple collocatiamdicate a good performance for the committed product
area, except for parts of North Americand Northern Europe. On a global scake, lower
performance of the H103 soil moisture NRT caridusd in areas with low soil moistuidynamics
(e.g. deserts) or at higher latitudes (seigure43 and Figure44). In the latter casefrozen soil and
snow cover make it difficult to retrieve reliable soil moisture informatidimerefore, in these
regions only summer months can be used for validatiaoking at thedistribution of the results
and comparing them against the threshold/target/optimal requiremshbws that quite/5% (SNR)
and45% (Pearson R) of the locations are exceeding the minhmedhold and quités7% (SNR) and
31% (Pearson R) aréave the target threshold for theommitted product area (seEigure43).
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5.3 Soil Moisture Products Quality AssessméResultDetails)

Detailed information on the validation of H101, H102, H103, H16, and H14 through the Triple
Collocation approach are available upon request by reviewers. Specifically, global maps of Pearsol
correlation and Signal to Noise Ratio (SNR) and box plots of resultbéavg@roduced

5.3.1 Detailed quality assessment for producsSM ASCAT NRT [HB8)

5.3.1.1

The validation of théH08 Smaltscale SSM by radar scatterometer NRT 1 km samptirgduct
(hereafter referred to test data set) is summarized in this documdihie document gives an
overview of the data sets and methods used to validate the test data set.

Introduction

5.3.1.2

In situ soilmoisture observations for 19 stations in France are selected for the validation of the test
data set by considerinthe periad June 202 - May 2®0. Figure45 shows the location of the
employed soil moisture stations whileable64 Main information of the soil moisture stations used

for the test data sefummarizes their main characteristics.

In situ observations
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Figure45Location of in situ stations used for the validation of the test data set
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ID Network Site Name Latitude Longitude Depth (m)
1 SMOSMANIA Sabres 44.15 -0.85 | 0.05
2 SMOSMANIA urgons 43.64 -0.44 0.05
3 SMOSMANIA Creon 43.99 -0.05 0.05
4 SMOSMANIA Peyrusse 43.67 0.22 0.05
5 SMOSMANIA Condom 43.97 0.34 0.05
6 SMOSMANIA Lahas 43.55 0.89 0.05
7 SMOSMANIA Savenes 43.83 1.18 0.05
8 SMOSMANIA Montaut 43.19 1.64 0.05
9 SMOSMANIA St Felix 43.44 1.88 0.05
10 SMOSMANIA Mouthoumet 42.96 2.53 0.05
11 SMOSMANIA Lezignan 43.17 2.73 0.05
12 SMOSMANIA Prades 43.72 3.86 0.05
13 SMOSMANIA La Grand Combe 44.24 4.01 0.05
14 SMOSMANIA Mazan Abbaye 44.73 4.08 0.05
15 SMOSMANIA Villevieille 43.80 4.09 0.05
16 SMOSMANIA Barnas 44.67 4.14 0.05
17 SMOSMANIA Mejannes 44.22 4.34 0.05
18 SMOSMANIA Berzeme 44.63 4.57 0.05
19 SMOSMANIA Cabrieres 43.88 5.16 0.05

Table64Main information of the soil moisture stations used for the test data set

5.3.1.3 Modelled data

A further validation of the test data set is carried out through a comparison with modelled data
deriving from hydrological model. In particular, the hydrological modeEBE-Happlied to one basin

in Belgium, and the ISBA model in Bulgaria, are considered. This comparison is carried out only t
provide a wider assessment of the product, also in relation to its use for hydrological applications.
However, it will be not usedf the verification of the product requirements.

5.3.14 Method of comparison

The performance metrics used for the evaluation of the accuracy oftebe data setare the
correlation coefficient, CC, the Root Mean Square Difference, RMSD, and the BIAS or mean errc
(satellite minus in situ), BIAS. Thest data setis an index between 0 and 1 while in situ
measurements of soil moisture are usually expressed ¥m®n Therefore, accordingly to the
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product validation reports, the in situ observations are converted between 0 and 1 by linearly
rescaling for the maximum and minimum values. As the rescaling is carried out by considering 1
year dataset, it could be that éhfull range of soil moisture is not covered. However, we are only
interested in performing the comparison between observed and satellite data by using the same
dynamical range. Indeed, rescaling does not affect the CC, that is the score to be used for the
assessment of the product requirements. Then, the comparison wittetstedata seis carried out

and the dimensionless scores (RMSD and BIAS) are computed.

5.3.15 Results for in situ observations

The validation with in situ observationscisrried out with thesame SMOSMANIA stations in the last
seven hydrological years thus allowing to check the performances of the test data set through years.
Figure46 showsii K St Sdomkkaiy d dnnual scale for stations (17) available from 2011. As

it can be seen, the performances are consistent over time with the majority of the stations having a
performance score exceeding the threshold. More specifically, in the period-202@the CC
values are the highest with respect to all previous period, with a median value equal to 0.68.

By comparing the prescribed requirements with the obtained resultafidhe in situ sensor§19
stations reported inTable64), it isfound that 72%, 61% and 5% of data overcomes the threshold,
target and optimal requirements, respectively.

To summarize the results of the comparison of satellite and in situ obsengliable65 reports

the median CC for the in situ sensors by considering the whole period and the different seasons.
Therefore, the median CC for tlmmparison within situ stations is equal to 0.67, with a value
exceeding the Target requirement.
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In situ observations

Requirement (CC)

Median Correlation Coefficient (CC

Threshold Target Optimal
Period SMOSMANIA
JJA 0.22
0.50 0.65| 0.80 SON 0.80
DJF 0.70
MAM 0.60
June 2A9- May 220 0.67

Table65Median Correlation Coefficient (CC) for the comparison betwss data seand in situ observations.

5.3.1.6 Results for modelled data

For sake of completeness, the same analysis is also cawieldy using modelled data and the
summary results are reported Tiable66. The median CC for the comparison with modelled data in
Belgium is equal to 0.76, with a valdese to the Optimal requirement.
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Modelled data
Requirement (CC)
Median Correlation Coefficient (CC)
Thresholg Target Optimal
Period SCHEME (Belgium)
JJA 0.34
0.50 0.65| 0.80 SON 081
DJF 0.21
MAM 0.74
June 2019 May 2020 0.76

Table66Median Correlation Coefficient (CC) for the comparison between the test data set and modelled data

5.3.1.7 Conclusions

In this report, the validation of théest data setthrough in situ data is carried out for the period
June 208 - May 20B. As mentioned above, only the comparison with in situ observations is
appropriate. Therefore, even though also the comparison witidelled datas reported here, the
conclusions about the product accuracy should be drawnloptpnsidering lhe 19 stations inTable

64.

On this basis, it is obtained that in terms of median performances at annual 3edde§5), the
test data setovercomes the threshold accuracy requirements I@out 18 stations and for13
stationsthe target accuracys exceeded The median Correlation Coefficient (CC) for tHele
period is equal to &7 (Table65). By considering the-Bonth periods, the higher values are
obtained in theSONperiod (CC=@0) and the lower in the JJA pericd¢=Q2).

It should be also underlined the comparison with modelled data in Belgium the product
performance is very good, close to the optimal accuracy (CC=0.76).

5.3.2Detailed qality assessment for product SBAS2 (H14)

5.3.2.1  Sensing principle

Product SMDAS2 (Liquid root zone soil moisture by scatterometer data assimilation) results from
assimilating the SMOBSL product distributed by the EUMETSAT CAF. Produc®B# is based

on the radar scatterometer ASCAT embarked on MetOp satellites.instrument scans the scene

in a pushbroom mode by six sid®oking antennas, three leftand, three righthand. On each side,
the three antennas, looking aside, + 45 degrees -afsl degrees respectively, provide three views
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of each earth location wter different viewing angles measuring three backscattering coefficients
at slightly different time. Each antenna triplet provides a wide swath of 550 km. The two swaths

leave a gap (close to the shatellite track) of ~ 670 km. Global coverage oveppeiis achieved
in ~ 1.5 days.

The basic instrument sampling distance is 12.5 km. The primary ASCAT observatsnfesea
wind, is processed at 50 km resolution. For soil moisture, processing is performed at 50 km
(operational) and 25 km (researchgsolution. For the purpose of SPIAS2, the 25km resolution

SM-OBSL1 product is assimilated in the ECMWF Land Data AssimilatienSl<DAS), as shown in
Figure4d?.

ECMWF NRT
SYNQP - "
Tom RH2m Atmospheric conditions
Snow Depth l
Data Assimilation: SM-DAS-2:
NoaalNESDIS 1 L EKF Soil Moisture [—f Soil Moisture
_ Analysis Profile
SM-OBS-1: | I
ASCAT Qﬁalit_y Control - use data ??;tezrgm?:
Surface SM Yyl'a(;nr:].graphic complexity < 20 D—Tgm
-Wetland Fraction =15 7-28cm

[ . - Noise level = 8
Surface: B} . 28-100cm
0-2cm “Unfrozensall 100-289cm

Swath surface product SM-OBS-1 =2 Global Daily root zone product SM-DAS-2

Figured7SMDAS2 production chain based on ASCAT surface soil moisture data assimilation in the ECMWF Land Dat
Assimilation System
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Land surface tiles in ERA40 surface scheme

Figure48Hydrology Tiled ECMWF Scheme for Surface Exchanges over Land

The advanced land surface data assimilation system is in continuous development at ECMWF fc
retrieve root zone soil moisture profile index from ASCAT surface soil moisture index (CAF product)
The SMDAS2 production is based on a Simplified Extended Kalman Filter (EKF). ECMWF generate
SMDAS2 (Liquid Root zone soil moisture), thereafter ZAMG disseminates the products.

In the soil moisture assimilation system, the surface observation frod@AASs propagated towards

the roots region down to 2.89 m below surface, providing estimates for 4 layers (thicknesses 0.07,
0.21, 0.72 and 1.89 m). Only the first three layers are analysed, but information is implicitly
propagated to the % layer duringthe short forecasts between assimilation cycles. The ECMWF
model generates soil moisture profile information according to the Hydrology Tiled ECMWF Scheme
for Surface Exchanges over Land (HTESSEE)jdae®18). The assimilation scheme constrains the
first guess forecast by the observations, and weights them according to their respective
uncertainties.SM-DAS2 is available at 2hour time steps, with a global daily werage at 00:00
UTCSMDAS2 is produced in a continuous way in order to ensure the time series consistency of
the product (and also to provide values when there is no satellite data, from the model
propagation). The SIAS2 product is the first glodgroduct of consistent surface and root zone

soil moisture available NRT for the NWP, climate and hydrological communities.
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5.3.2.2  Algorithm principle

The baseline algorithm for SMAS2 processing is described in AFTBR Only essential elements
are highlighted here.

The liquid root zone soil moisture product to be generated at ECMWEF (see flow chagtine49)

is the result of a data assimilation process. The input consists of thedeadg global surface soll
Y2A&40dz2NE LINRPRdzOG 3ISYSNYGSR G 9! ag9¢{! ¢stueW2o.
OWFANRG 3JdzSaaQoud ¢KS 2dziLdzi FNRY GKS flyR ac
conditioned by the general characteristics of the ECMWF model.

< ——— OFF-LINE-ERS-12 —— > <—— REAL-TIME-ASCAT] ——>
Pre-processing| urface-soil- moisturef Operationalf] urface-soil- moisturef
chainf index| processing-chain] index

O\ O\

tic-bias-correction’ Daily-surface-soil- Adaptive--hias-corection BUFR
CDF-matching{ moisture-fields-{grib) (CDF-based)f Observation file-|

\

Corrected-soil- Daily-modelled-soil- Feedback] Modelledfirst-guess)

moisture-fields] moisture-fields-(grib) files] (‘internal’data)-{
ﬂhSEf‘fﬂtl_ﬂ ny Corrected soil-
ermrors-y moisture-fields]

O ,_f}OM\.

Off-line Root-zonef OperationaldF 5 Liquid-root-zoneq
SDAS-EKFY soil-moisture] SDAS-EKFY soil-moisturey]

Figure49Flow chart of the liquid root zone soil moéstur

To integrate the satellite based observations in the forecast system, ASCAT swath based data set
are archived in BUFR format. For developing the observation operators, daily composite soil
moisture images were also archived in GRIB format.

The soil mature is expressed in volumetric units in the model and data assimilation. Three post
processing steps are required to convert the soil moisture analysis from volumetric units to a liquid
soil wetness index (SWI):
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1) Approximation of frozen fraction (F) ebil moisture(SM) below the field capacitit.is assumed
GKFG 6KSYy (KS & 2CitheSN is &dnpidtely drozen Sufid 2aBoveéGltbe SM is
completely nosf NB T Sy & L yCarwl $°G theSi®aén fiaaion is calculated according to a
linear rdationship:
p 4
T

/e
GKSNBE ¢ Aa GKS GSYLISNI GdzZNB 2F GKS az2iAt o0Ay
2) Approximation of the liquid volumetric soil moistuleis assumed that only water below the field
capacity(SMap) can be frozen i.e. all water above the field capacity is-fmoren.If the SMisbelow
the field capacity, the liquid soil moisture is simply calculated as:

3 - p &£ 3-
If the SM is above the field capaci8/ { )then:
3 - 3- 3- p £ 3- 3- £ 3

3) Conversion of liquid soil moisture to liquid soil wetness index (SWI):
3- .
37) —h

where 3 - is the soil moisture at saturation. Note that the parameteBs-( B - ) are
approximated based on the soil texture and vary depending on the fraction of clay, sand and loam
in the soil. The SWI is bounded by (0,1), where 0 corresponds to the lower physical limit and 1 is the
saturation point of the soil.

5.3.2.3 Main operational chaacteristics

ECMWEF contribution to 43AF consists in developing, producing and validating a global scale root
zone soil moisture index product based on ASCAT soil moisture data assimilation. The resulting so
moisture product is delivered by ECMWF to ZAM™@ disseminated to EUMETSAT. The product
name is H14 according to the SAFs products names terminology; it is also referred teD#sS3M
internally to the HSAF.

5.3.2.3.1 Horizontal resolution and sampling
¢KS K2NAT 2y GFt NB&2fdziAzy opEU0-DAS2 pradustiorSchams O (i
resolution which is ~ 25 km. The land surfaces processes are resolved on a discrete grid whic
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determines the effective soil moisture product resolution. Tmrete grid is a Gaussian reduced
grid at T799.

5.3.2.3.2 Vertical resolution if applicable

The soil moisture profile is computed for four layers: surface to 7 cm, 7 cm to 28 cm, 28 cm to 100
cm, and 100 cm to 289 cm.

5.3.2.3.3 Observing cycle and time sampling

The SMDAS2 product is produced daily at 00UTC, based on assimilation of the global CAF surface
soil moisture index product (SKdBSL) in the ECMWF-HESSEL Land Surface Model. Although the
ASCAT CAF product observing cycle over European latitudes is ~ 36 sirthtatasn process
leading to the SMDAS2 product has its own time evolution. The product is outputted ahddr
intervals at 00 UTC.

5.3.2.3.4 Timeliness

For a continuous assimilation process it is difficult to identify the time lag between the observation
andi KS LINRP RdzOG 2 dzii Lddzii @ . & O2yaARSNAYy3I GKS 7
observation, the SMDAS2 timeliness is 36 hours.

5.3.2.4  Validation strategy, methods and tools

5.3.2.4.1 Validation team and work plan

To evaluate the accuracy of theSAF Soil Msture (SM) products a Validation Group has been
established at the beginning of the project Validation Phase. The Soil Moisture Product Validation
team is composed of experts from the National Meteorological and Hydrological Institutes of
Austria, BelgiumBulgaria, France, Italy, Turkey, Germany and ECMWFigege50). Hydrologists,
meteorologists, and soil moisture data experts, coming from these countries are@avio the SM
product validation activities.

SMDAS2 has been submitted to validation in several countries following the common validation
methodology here described. The obtainedults are presented in sectioris3.2.5and5.3.2.6
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Soil Moisture Products
Validation Group
Coordination:
Italy (DPC)

Belgium |Bulgaria |UK Turkey | Germany
RMIB NIMHBAS ECMWF ITU TSMS| BAFG

FigurebQ Structure of the soil moisture products validation team

Reference Institute Country | Email address
person
Dipartimento Protezione
Silvia Puca Civile (DPC) Italy silvia.puca@protezionecivile.i
Wolfgang Technische Universitat Wier
Wagner (TUWien) Austria | ww@ipf.tuwien.ac.at
Stefan Technische Universitat Wie
Hasenauer (TUWien) Austria | sh@ipf.tuwien.ac.at
Royal Meteorological
Pierre Baguis | Institute of Belgium (RMIB) | Belgium | Pierre.Baguis@meteo.be
Emmanuel RoyalMeteorological
Roulin Institute of Belgium (RMIB) | Belgium | Emmanuel.Roulin@meteo.be
National Institute of
Veska Meteorology and Hydrology
Georgieva (NIMH) Bulgaria | Veska.Georgieva@meteo.bg
National hstitute of
Meteorology and Hydrology
Eram Artinyan | (NIMH) Bulgaria | eram.artinian@meteo.bg



mailto:silvia.puca@protezionecivile.it
mailto:sh@ipf.tuwien.ac.at
mailto:Veska.Georgieva@meteo.bg

Doc. No: SAF/HSAF/OpRep/2020_S1_S2
EUMETSAT Operationskeport Version: 1.0
G H SAF 2020 S1/S2 Date:25/06/2021
Page127/226
National Institute of
Valentin Meteorology and Hydrology
Kazandjiev (NIMH) Bulgaria | valentin.kazandjiev@meteo.b
European Centre for
Patricia del Medium-Range Weather patricia.rosnay @ecmwf.int
Rosnay Forecasts (ECMWF) UK

European Centre for
Medium-Range Weather

David Fairbairn | Forecasts (ECMWF) UK david.fairbairn@ecmwf.int
jean

JeanChristophe christophe.calvet@meteo.fr

Calvet Météo-France France

Mehrez Zribi LATMOS France

Turkish State Meteorologica
Ibrahim Sonmez Service (TSMS) Turkey | isonmez@dmi.gov.tr

German Federal Institute of
Asta Kunkel hydrology (BAFG) Germany| Asta.kunkel@bafg.de

German Federal Institute of
Peter Krahe hydrology (BAFG) Germany| Krahe@bafg.de

German Federal Institute of
Jens Wilhelmi | hydrology (BAFG) Germany| wilhelmi@bafg.de

Table67Validation team for soil moisture products

The Soil Moisture products validation programme was started during the development phse of
project and was finalized during the last3AF Products and Hydro Validation Workshop hosted by
Italian Civil Protection in Rome, 29 of Novembgiof December 201 Experts of several European
Institutes as University of Wien, ECMWF, UniversitydfRS W[ | { |- EBR&y NatiofsE 9
Research Council, Research Institute for -Bgdrological Protection etc. attended the validation
workshop and participated in defining the common validation methodology here reported.

5.3.2.4.2 Validation objects and problesn
The products validation activity inside theSAF project has to serve multiple purposes:

1 to provide input to the product developers for improving quality of baseline products, and for
guidance in the development of more advanced products;
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1 to characterse 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 afistribution limitedtothe seOl f t SR G o6 SG | dza

Validation is obviously challenging in the case of soil moisture, both because the sensing principle
from space is indirect, and because of the sparseness of in situ measurements.
ltisknownthatanah 2 f dzi S W3 NER dzy R |6 thetHSAE Qrojeceti Falidathriiiis baded & (
on comparisons of satellite products with reference data sets, which can be in situ data or
hydrological model parameters.

5.3.2.4.3 Validation methodology

In this document the guidmes to validate the SNDAS2 product inside the FBAF are described.

The common validation methodology is based on in situ data comparisons to prodioce a
statistical and case study analysiBBoth components (long statistical and case study analgses)
considered complementary in assessing the accuracy of the implemented algorithms. The long
statistical analysis helps in identifying the possible existence of a pathological behaviour, while
selected case studies are useful in identifying the rootsuch behaviour, when present.

Each institute decides whether to use ancillary data or evaluate specific error analysis. The main
steps of the validation procedure are:

1 in situ and SMDAS2 data series consistency check,

1 comparison between in situ datnd the SMDAS2,

7 statistical scores evaluation (seasonal analysis),

1 case study analysis.

The Product accuracy requirements are recordethine68.

5.3.2.4.4 Product accurackequirements and validation metrics

During CDOP2, Accuracy Requirements for products H14D/82 have been given in Correlation
Coefficient (CC).

The high spatial variability of in situ soil moisture (SM) used for validation as well as SM data set
specific characteristics suggests that CC should be the main score to be evaluated. On this basis tt
soil moisture products development and validatiorogps propose to change the main score to
evaluate the "Product Requirements"” for H14 products from the RMSD to the CC. Table 2 presents
the new User requirements adopted for the CDOP2.
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Unit threshold target optimal
Dimensionless | 0.50 0.65 0.80

Table68Accuracy requirements for product-BMS2 [CC]

Supportive scores are: the Root Mean Square Difference (RMSD), Mean Error (or bias, ME), and th
Standard Deviation (SD). The Correlation Coefficient should be applisatitwalised timeseries

(H14 is an index) as well as to monthly anomalies time series. A period of one year has to be
considered for the evaluation. Detailed equations and more information on the validation
methodology can be found in Annex 1 of Albergéil(P).

5.3.2.5 Validation results: case study analysis

53.251 Introduction

As reported in the introduction, the common validation methodology is composed of a long
statistical and case study analysis. Both components (long statistical and case study analysis) ar
consdered complementary in assessing the accuracy of the implemented algoriitimagirst case

study is the comparison of H14 with the SCHEME hydrological model in Belgium (3.2), followed by
an in situ soil moisture validation in Bulgaria (3.3). This iswelioby a detailed comparison with
lysimeter observations over a site in Germany (3.4).

5.3.2.5.2 Case study analysis in BelgiunRa#lIB

TheRMIBvalidation activity concerning the SBIAS2 product consists in its comparison with the

soil moisture content of the two soil reservoirs in the SCHEME hydrological model. This is therefore
a comparison from model to model even if both are using diffeiefarmation and the validation

is indirectly achieved with the comparison of the streamflow simulated by the SCHEME hydrological
model with the streamflow measured at the corresponding gauge station during the reference
period.

The SCHEME hydrological mbder SCHEIdt and MEuse) is a sdisiributed version of the
conceptual model developed by Bultot and Dupriez (1976a,b). Evapotranspiration is estimated by
depleting the content of conceptual reservoirs for water intercepted by vegetation and for tWo soi
layers, in comparison with a potential value given by a Penmann formulation. As this model is aimed
at simulating the hydrograph, the saturation threshold of the upper layer of the soil is optimized for
the surface runoff during rainy periods in a caditbton dataset whereas the saturation threshold of

the zone of aeration is obtained by comparing the cumulated evapotranspiration and the deficit of
flow over the reference period. The latter parameter is a function of the cover (seven vegetated
covers aralefined) and of the month. In the SCHEME model, the same design is applied within each
cell of 7 km3 7 km. The saturation threshold of the upper laygetike another tenth of model
parameters¢ is optimized on a set of gauged soadtchments and the valueare afterwards
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regionalized over the entire Meuse and Scheldt basins using empirical relationships with
geographical indices. The soil moisture of the upper layer has been shown to compare well with
gravimetric data from a field survey (Roulin, 2002).

-
mEk

BELGIUM

FRANCE

Figure51 Map of Belgium with the watershed of the Demer at Molenstede

In the figure above a gris shownof the SCHEME hydrological over the Scheldt basin (upstream
Antwerp, in blue), and 10 grid cells of SM\S2 intersectingwith the Demer catchment (in green).

In this report, the SMDAS2 product is compared with the water content of the two soil layers.
These results have been obtained for the Demer catchment in the Scheldt bagime62). The
Demer catchment is considered at the gauged statiomMalenstede(1775 kmi). It is characterized
by a fairly flat topography, loamy soils in the upstream part and humid skoaagy soils more
downstream, and it is mainly covered with crops and pasture.

The spatial resolution of SBMAS2 and SCHEME differ both in area amdepth. For this reason,

the SMDAS2 values have been averaged over three grid cells that have an intersection greater than
50% with the catchment. The SCHEME data have been averaged over the vegetation covers an
over the catchment. The upper layer of SCHEME has been compared with the first layeDASSM

2. Soil moisture has been expressed in saturation percentage. For & HieNvater depth of the
conceptual reservoir has been divided by the saturation threshold. FeDABR, soil moisture
index,S has been further rescaled according to:

0'AQ pnivaAQ | ETY@d Tp "YAQ

wherei refers to the considered layer ands the day.
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The lower layer of SCHEME corresponds to a zone comprising a fraction of the first layddASSM

2, the second layer and a fraction of the third layer. Therefore, it has been averaged over the three

layers using weights defined on the base of the estimated capacity of these three layers and the

capacity of the two SCHEME soil reservoirs. Since the capacity of the reservoir corresponding to the
saturation zone varies with the month, so do the weights.

Theresults are shown in the next two figures as thseries of the percentage of saturation. The
upper soil layer of the hydrological model reaches saturation on several occasions (particularly
during winter) whereas SNDAS2 does not. The capacity of the pgr layer of the SCHEME model

is ~10 mm over the Demer catchment whereas the capacity of the first layer dDAB2 is
estimated ~18 mm. Most of the events are detected in both series. The time evolution of the
saturation of the lower layer of the SCHEM&del and the weighted average of the saturation over
the SMDAS2 soil profile are similar despite the different modelling approaches and the various
approximations involved in the comparison. A correlation coefficient of 0.89 is obtained between
the first layer of SMDAS2 and the upper layer of the SCHEME model. A correlation coefficient of
0.88 is found between the lower layer of the SCHEME model and a weighted average of the values
of the three first SMDAS2 layers.

474, Jemer — Resccled H14 & SCHEME mocel upper

Jur o Ju Aug  Sep Oct Nov  Dec Jan  Fex  WNar Apr May  Jun
2019 2019 2019 2019 2019 2019 2019 2020 2020 2020 2020 2020 2020

Figure52 Saturation percentage of the-BRS2 first soil layer (red) and of the SCHEME upper layer (blue) for the Demer
(June 2018May 2020)
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Figure53 Saturation percentage of the-BRIS2 first three layers (weighted averageéemyand the SCHEME lower
layer (blue) (June 2048lay 2020).

The streamflow was simulated using the SCHEME model for the DeMeleatstedefor the period

June 2019 May 2020 and has been compared with the measured streamflow. The Correlation
Coefficent for this comparison is CC =0#&nd the NaskSutcliffe efficiency coefficientIS = (B6.

It must be noted that the SCHEME model does not take anthropogenic water management actions
into account and these actions sometimes reflect on the hydrograims hydrograms may be found

Ay GKS NBLR NAFat A2RF GAK2SY é6 KLANRNERND Y 2 F GKS al vysS |

5.3.2.5.3 Case study analysis in Bulgaria (NIMH Sofia)

Introduction

The H14 rootzone soil moisture over Bulgaria was validated over the hydrological year (1/6/19 to
31/5/20). The validation was performed by comparing the h14 soil moisture with automatic in situ
measurements from 10 stations over the agrneteorological network of NIMMBAS (Georgiewet

al., 2011, Kazandjiest al., 2014). The climate type of the regiis temperate continental and 4 of
the stations (above 800 m) are influenced bguntainous climate conditions.

A comparison of H14 against in situ measurements

In total, 10 stations are employed for the validation and a map is displayi@dume54. Six stations
I NB Slj dzA LILISR g AlGK G/ {cpp 2 | 4§ SNJ | 2y
(https://s.campbellsci.com/documents/es/manuals/cs650.pdkith 12 cm rods. Two of them,
Chirpan and NAO Rozhen, have 2 sensors inserted in the soil at 8 cm depth in the horizontal directiot
and 2 others in the vertical direction from 40 to 52 cm depth. fémaaining 4 stations have one
sensor inserted in the vertical direction at 40 to 52 cm depth. All the sensors measure SM values in
m3m?3 units. Although sensors can be precisely calibrated to the specific soil properties using


https://s.campbellsci.com/documents/es/manuals/cs650.pdf
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laboratory measurements fagach site, in this case the factory calibration is used. Sensors measure
dielectric permittivity that is converted (by the sensor logic) to volumetric water content using the
Topp equation (Toppt al., 1980). Four of these stations are located in mourdgasareas; NAO
Rozhen, res.Sh.Polyana, hut Nadezhda and hut Smirnenski, with the purpose to assess SM evolutic
in the areas higher than 800 m above sea level. Chirpan station is located in the valley at about 16¢
m above sea level and Kardzhali statioa hilly area near the town of Kardzhaly. Another 4 stations
are equipped with ENVIROSCAN profile sensors, which are measuring at every 10 cm depth: Ispari
Ivaylo, Knezha and Lozen. These ENVIROSCAN sensors are used to validate the H14 profile for e
layer (07 cm, 728 cm and 2800 cm) with weights that are proportional to the spacing of the
sensor depths (as in Reicldeal. 2018).

Figureb4 Map of automatic stations used for the statistical validation of H14 data

Thedata processing:

The hourly measurements by CS655 sensors are daily averaged and normalized:
CS655=( CS658S655_min)/( CS655_maRkS655_min)

For the comparison of sensors inserted at 8 cm, normalized values of H14 are extracted from the 0
7 cm layerFor the deep SM sensor mounted vertically, the combined H14 values of 2 layers are
used to better account for the insertion depth from 40 to 52 cm (in the upper third of the H14 28
100 cm layer):

H144052=(H14g100* 4 + H14.28)/5

The measured in sittelues and the corresponding H14 values were converted to normalized values
with equations:
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H14=(H14414_min)/(H14_maxi14 min)
and

In_situ=(In_sitein_situ_min)/(In_situ_maskn_situ_min)

Validation results:

Table69 shows the scores over the whole period for the validation of H14 against the in situ data.
The correlation coefficient (CC) exceeds the H SAF target performance of 0.65 for the CS senso
and for the surface layer of the ENVOROSCAN sensors’¥{#22cm) and 3' (28-100 cm) layers

of H14 are reasonably well correlated with the CS sensors, with the CC exceeding the threshold o
0.5.The seasonal scores are showrTable70 for the surface and roezone respectively. For the

CS sensors the CC is consistently higher than 0.65 through the seasons. However, the results are le
consistent for the ENVOROSCAN sensors and the different layers. For the sy#a¢07 cm), the

H14 performance is good for all the seasons (CC>0.64) except in winter (CC=0.42). & ¢the 7
layer, the performance is very good (CC>0.70), except in the spring when it is close the thresholc
(CC=0.54). Finally, for the deepestdr (28100 cm), only the winter period delivers results above

the threshold requirement (CC=0.62).

CS 650 and 655 sensors
average

ME SD RMSD | CC

AVERAGI| 0.000 | 0.213 | 0.240 |0.677

ENVOROSCAN sens
average

Average | ME SD RMSD | CC

0-7 cm 0.218 | 0.241 | 0.244 | 0.666

7-28cm | 0.182 | 0.278 | 0.295 | 0.635

28-100
cm 0.210 | 0.452 | 0.502 | 0.525

Table69 Average validation statistics for the CS 650 and ENVOROSCAN sensors
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Jun-Aug. | Sept-Nov. Dec. 201%; March. -
scores
2019 2019 Feb.2020 | May 2020
Number of
samples 417 530 540 454
6 Campbell .
SaEniite aanee Bias {] 0.025 0.070 -0.109 -0.076
CS65@655 from | SD {] 0.145 0.148 0.108 0.134
4052¢m [ pmsD 1 0.286 0.181 0.169 0.199
CcC 0.698 0.672 0.702 0.654
Number of
samples 368 364 364 368
4 ENVIROSCAN—
Water-Content Bias {] 0.147 0.175 0.139 0.128
Profile Probe & | SD {] 0.165 0.244 0.199 0.167
cm RMSD 0.205 0.221 0.250 0.171
CcC 0.644 0.683 0.418 0.692
Number of
samples 368 364 364 368
4 ENVIROSCAN—
Water-Content Bias {] 0.056 0.249 0.057 0.201
Profile Probe 7 | SD { 0.220 0.221 0.148 0.271
A E RMSD 0.265 0.332 0.272 0.136
CcC 0.764 0.739 0.88 0.542
Number of
samples 368 364 364 368
4 ENVIROSCAN—
e Bias {] 0.089 0.018 0.087 -0.107
Profile Probe 28 | SD {] 0.191 0.115 0.181 0.203
100em  Fpmsp 4 0.280 0.253 0.266 0.249
CcC 0.243 0.270 0.615 0.278

Table7Q Seasonal statistics for tigs 650 and ENVOROSCAN seffigiotise perio@019/06/62020/05/31
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5.3.2.5.4 Lysimeter soil moisture validation in Germany (BAFG)

3.4.1Introduction

In this case study, the SMAS2 (H14) data set is validated using in situ soil moisture data at four
depths as well as using the weights of four differeail monoliths (integrated soil water over 2 m

2T RSLIIKOL NBO2NRSR U0 GKS [@2aAYSGSNI FASER ab
city of Koblenz/Germany and has been operated by Bundesanstalt fir Gewasserkunde (BfG) sinc
1986. The climateéype is temperate maritime, which is typical of western Europe. The product
validation for the period 201:86-01 to 202005-31 is reported.

Study area and data

H14 is a daily, global, near real time product and has been operational since 2012. The @oduc
available in gribl format on a nonregular gaussian grid. The units range from 0 to 1 as a liquid soll
wetness index. Here, SWI=1 stands for saturated soil conditions, which is the maximum water the
soil can hold. This includes the drainable watertean (while the field capacity is the amount of

soil moisture held in the soil after excess water has drained away). A SWI value of zero correspond
to the residual water content, which is below the wilting point of the soil matrix, meaning that no
water @an be extracted by plant roots.

The Lysimeter field is located near the city of Koblenz/Germany, at River Rhine Island Niederwerth
(50.394 Lon, 7.603 Lat), which is illustrate&igure55. Four weighable (w) and non weighable (nw)
Lysimeters (depth = 2 m, volume = 2 m3) operated as tandems are filled with alluvial clay (L1w, nw)
loess loam (L2w, nw), high flood sand (L3w, nw), loamy pumice (L4w, reprgsenting
characteristic soil types of the region. Within one of the Lysimeter monolith (L1) filled with alluvial
clay, multiple TDR sensors are installed at 0.25, 0.5, 0.85 and 1.05 m depths obtaining soil moistur
signals [mV, 1 Volt ~ 95 Vol%] inrlh time intervals. Furthermore, the weights of four Lysimeters

are recorded in 10 min time intervals, which is an indicator for the total amount of soil water stored
in the monolith assuming no snow. In addition, soil temperature, precipitation and other
meteorological variables as well as percolation (drainage water) are measured and recorded at the
Lysimeter field. The land cover of all Lysimeter vessels is grass with an approximate height of 14 cr
according to FAO grass reference evaporation rules.
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Figureb5 Monthly anomaly of H SAF-BAS2 (H14) from the long term mean 2248 (LTM based on combination of
H27 and H14 H SAF products) for the driest/wettest month in reporting period. H14 layers 1,2 and 3 are summarize
(SW ANO_0_100). Black circles indicate | ocation of Lys
raster cells. Areas outside of Germany are depictedraesparent (Data: EUMETSAT H SAF; evaluation: BfG)

Table71 below shows the availability of the used data (before interpolation of missing values, W =
weight of Lysimeter [kg], TDR = soil moisture signal [mV], Tair= air temperatu2m, P =
Precipitation [mm/d], SWI = Soil wetness index [0,1]).

data

Parameter missing days  Percentagef |

Wi 10 2.73
W2 10 2.73
Wi 10 2.73
Wia 10 2.73
TDRscm 10 2.73

TDRocm 10 2.73
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TDRscm 10 2.73
TDRoocm 10 2.73
Tair 9 2.46
P 0 0

SMha 0 0

Table71 List of data used for analyses in time period Jursg@0lay 2POwith indication of missing

Methods

The soil moisture indices are compared on daily time steps. Daily mean values of Lysimeter weight:
of L1to L4 and TDR signals of L1 were generated. The data were rescaled using the maximum an
minimum values over the time period. The H SAF H14 layers were integrated over the depths O to
100 cm and 0 to 289 cm. The H14 data was also rescaled over this tiiné. Jéne H14 raster data
LIN2 RdzOG A& | 33aNBIFGSR 208SNI Yy FNBI 2F Hcpn |
aARRES wWKAYS olaAyeée faz2 ylIYSR flIyRaOlFILIS abs$s
conditions, the air temperature (Taigt the Lysimeter station is used to screen periods with
temperatures below 4 °C. Below are a list of the-precessing steps.

Preprocessing of the H14 data:
1 Selecttime period from 20106-01 to 202605-31

1 Integrate H14 SWI through depths 0 to 100 amd & to 289 cm soil depth (layers 1 to 3 and layers
1 to 4) according to the lysimeter layer depth

1 Generate daily means of the representative area around Lysimeter station Niederwerth
1 Fill gaps up to 5 days by linear interpolation
1 Rescale the SWI accordiio the minimum and maximum values in the selected time period

Preprocessing of the lysimeter data:
1 Selecttime period from 20106-01 to 2020605-31
1 Aggregate 10 min values of Lysimeter weight and TDR signals to daily values
9 Fill gaps up to 5 days ligearinterpolation
1 Generate standardized Lysimeter mean weight, envelope and standardized TDR signals

Preprocessing of meteorological data
I Select time period from 20106-01 to 202605-31
1 Aggregate air temperature to daily mean values
1 Aggregateprecipitation to daily sums
9 Fill gaps up to 5 days by linear interpolation

The validation is performed by graphical comparisons of daily data as well as by the correlation
coefficient and RMSE metrics.
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Results
Precipitation

To understand results of the soil moisture comparison it is useful to have an impression of
precipitation events during the study period. At the Lysimeter Station multiple rain gauges record
precipitation. Figure56 shows daily precipitation recorded by the Ombrometer, installed at 1.0 m
height. Within the validation period the rain gauge registered 516 mm of precipitation.

Frecipitation [mm]
20
|

0 5 10
|

ook L MLJ A,

I
Jun Aug Oct Dec Feb Apr

2019-06-01:2020-05-31

Figure56 Daily aggregated ombrometer precipitation (mm) at the Lysimeter station TDR signals and Lysimeter weigh

=
—
|
o
[
2L
- O
i}
F
5
3
g < _|
3 O
iy}
N _|
(an] — TODR 25cm
— TDR 50cm
— TOR 85cm
= TOR 100cm
C>-— Tar<de
(48]

| | | R N | [ ] |
Jun Aug Oct Dec Feb Apr

2019-06-01:2020-05-31

Figure57 Daily means of standardized Lysimeter TDR signals at four depths in the validation period
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Figure57shows the propagation of soil moisture fronts which correspond to the rainfall occurrences
in Figure56. As expected, the upper layers exhibit quick and spiky responses to the rainfall and
subsequent drying, whilst the signal is lagged in the deeper layers.

A tight relationship between Lysimat weight and TDR signals is expectédure58 shows the
standardized Lysimeter weight of L1, with standardized TDR signal of TDR50_st, which gives
correlation coefficient of CC = 0.94. However, the overall differences between correlation
coefficients are within a narrow range with correlation coefficients of 0.9, 0.94, 0.88, 0.86 for
TDR25_st, TDR50_st, TDR85_st, TDR100_st, respectively.

1.0

standardized WL1]
standardized TDR

0.2
|

— WL
— TDRAO_st
Ty<d®C

0.0

| | | R N | [ ] |
Jun Aug Oct Dec Feb Apr

2019-06-01::2020-05-31
Figure58 Daily means of standardized Lysimeter weight and TDR signal in the validation period

H14 Swi

Figure59 shows the rescaled H SWI over the validation period for the four different layers. Also
shown are periods where the air temperature dropped below 4°C. As expected, the fast reaction of
the upper layers to the atmospheric forcing together with the dampened response of tner lo
layers is consistent with the lysimeter TDR signallsgare57. The integrated versions of thel®0

cm depth and €89 cm depth layers of H14 are showririgure60. As expected, the-289 cm layer
exhibits a laggd response to the forcingpepared to the 8100 cm layer.
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Figure59 Standardized H14 SWI at four depths in the validation period
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Figure6Q Standardized integrated H14 SWI at two layersvialittegion period
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Comparison of H14 SWI and Lysimeter data

Statistical metrics were calculated to investigate the agreement between Lysimeter and satellite
derived soil moisture informatiorlable72 and Table73 show the correlation coefficient and RMSE
statistics respectively. The in@mparison consists of the standardized TDR signals and Lysimeter
weights with single H14 SWI soil layers as well as integrated H14 SWI layers.

h14 SWI1_ s h14 SWI2_s h14 SWI3_s h14 SWI4 s h14_SWI_0 100 h14 SWI 0 289
t t t t st st

TDR25_st 0.69 0.85 0.95 0.23 0.95 0.84
TDR50_st 0.40 0.56 0.88 0.52 0.81 0.86
TDRS5_st 0.23 0.37 0.75 0.74 0.65 0.85
TDR100_st 0.22 0.36 0.73 0.79 0.64 0.86
L W1 W4 _mean_ 0.57 0.71 0.96 0.57 0.91 0.97
st

Table72 Correlation Coefficient§ H14 SWhyers 34 and H14 integrated layers agdiysimeter data

The correlation is high for Lysimeter mean weight (L_W1_W4 mean_st) \thestisrd H14 layer
(h14_SWI3_gtand the Lysimeter mean weight versube integrated layer(h14 SWI_0 289 kst
Looking athe differentLysimeter TDR signalke best fit is achieved by pairing Lysimeter TDR25_st
to h14 _SWI3_st or TDR25_stto h14_SWI_0_100_st.

h14 SWI1 h14 SWI2 h14 SWI3 h14_SWI4 h14 SWI 0 1( hl4_SWI_0_2¢

_st _st _st _st 0_st 9 st
TDR25_ st 0.27 0.19 0.11 0.41 0.11 0.18
TDR50_st 0.33 0.30 0.18 0.35 0.22 0.19
TDRS85_st 0.41 0.37 0.24 0.25 0.28 0.18
TDR100_st 0.41 0.36 0.24 0.21 0.27 0.16
L W1 W4 mea 0.29 0.23 0.10 0.29 0.13 0.07

n_st
Table73 RMSE between standardized 84 and Lysimeter data

The RMSE is in agreement with the correlation coefficiéiguire61 below shows standardized H14
SWifor the third layer(blue)and mean standardized Lysimeter weights (black) over time. The grey
shaded area envelopes standardized Lysimeter weights by its minimum and maximum weights.
Figure62is equivalent ta-igure61 but the integrated mean h14 layer-@0 cm) is shown instead

of the third layer. Overall there is very good agreement between the two datasets in both Figures.

The blue bar shows frozen conditions. It is obvious that during these conditions the Hl4cprod
loses information contentas it represents liquid contenfand underestimates soil moisture
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compared to the lysimeter data which accounts for both liquid and solid water content. The
validation period contained 20 frost days.
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Figure6l Standardized H14 SWI3_st layer (AZBm) and mean Lysimeter weight in the validation period
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Figure62 Standardized H14 SWI integrated layer and mean Lysimeter weight in the validation period

5.3.2.6  Vdidation results: long statistical analysis at ECMWF

5.3.2.6.1 Data preparation and metrics

In situ observations at 5 cm depth are used for the validation of theD382 surface layer @
cm). The rootzone in situ SM is approximated using a vertical average sifu measurements in
the first metre of soil, with weights that are proportional to the spacing of the sensor depths (as in
Reichle et al. 2018). The rembne in situ SM observations are used to validate the averagB /&1
2 root-zone SM (€100 cm).
SMDAS2 is an index between 0 and 1 while in situ measurements of soil moisture aren®. Mo
enable a fair comparison, it is then necessary to rescale the data. The 90% confidence interval wa:
chosen to define the upper and lower values to exclude @myormal outliers due to instrument
noise using the following equations (as in Rudiger et al., 2009; Albergel et al., 2010):

)T &1 OEOET OEPgET OEOOD

) “BT OEOGT OEPyET OEOOD
Where Int+ and Intare the upper and lower 90% limits of the ¢mience interval, a period of one
year is required for their calculation. Then a new in situ soil moisture data set, called the soil wetness
index (SWI), is obtained using:
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It is assumed that the H14 / SDIAS2 data set does not he such a problem with outliers and are
rescaled using the maximum and the minimum values of each individual times series considering
the whole June 2019 to May 2020 period.

The comparison between the observation data and the H14[5A82 product needs tobe
performed, gaining the following statistical scores, which are listed in Annex 2 of Albergel (2011):

- Mean Error (ME) or Bias,

- Standard Deviation (SD),

- Correlation Coefficient (CC),

- Root Mean Square Difference (RMSD): In situ data contain errors (mesttal and
NEBLINSASYGlrGAGSySaaons a2 GKS@& NB y2i O2yaai
by using the RMS Difference terminology instead of RMS Error,

- p-value: a measure of the correlation significance should be calculated as welicttes the

significance of the test, the 95% confidence interval should be used; configurations where the
p-value is below 0.05 (i.e. the correlation is not a coincidence) have to be retained.

The RMSD represents the relative error of the soil moistiyreamical range and as SIBAS2 is an

index, it has no units. Hence it is possible to obtain an estimate of the error of the liquid root zone
soil moisture retrieval in Am® %y multiplication between the RMSD and the observed dynamical
range (obs_mawbs_min).

Usually, soil moisture time series show a strong seasonal pattern that could artificially increase the
perceived agreement between satellite and in situ observatiarteiims of CC. Therefore, to avoid
seasonal effects, time series of anomalies from a moving monthly average are also calculated
(Albergel et al., 2009). The difference from the mean is calculated for a sliding window of five weeks
(if there are at least ¥ie measurements in this period), and the difference is scaled to the standard
deviation. For each SM estimate at day (i), a period F is defined, withF3$17] (corresponding

to a Sweek window). If at least five measurements are available in thimgearf time, the average
surface SM value and the standard deviation are calculated. The dimensionless anomaly CC (Ano)
then given by:

.~ .. 3-0 3
QN ——
OO0AR OO0

The anomaly CC is relevant to the surface SM layer because the SM variability is gegeifathnsi
at the subseasonal timescale. The anomaly CC is not considered for theormlayer because the
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SM is characterised by relatively slow temporal dynamics with typical variations at the annual
timescale for the first metre of soil.

Most often than not, soil moisture is measured along with soil temperature. If available a threshold
of +4°C should be considered and soil moisture measurements below this threshold should be
rejected. Also, soil temperature associated with-BIMS2 is used to filter ot SMDAS2 potentially
affected by frozen conditions.

53.2.6.2 Ground data used for validation

This study makes use of in situ soil moisture measurements obtained through the International Soil
Moisture Network (ISMNqpttp://www.ipf.tuwien.ac.at/insitu/, Dorigo et al. 2011), a data hosting
centre where globalhavailable grounébased soil moisture measurements are collected,
harmonized and made available to users. Data from 4 networks in the ISMN are cedsid¢his

study, including 3 networks from the US and 1 network from France. The US networks are: NRCS
SCAN (Natural Resources Conservation Ser8méClimate Analysis Network), USCRN (U.S. Climate
Reference Network) and NRSSIOTEL (short for Snoweldmetry). The French network is
SMOSMANIA (Soil Moisture Observing SysteMheteorological Automatic Network Integrated
Application) and these observations are provided byC.J Calvet from Mete&rance in the
framework of the H SAF validatiomte data for each network is extracted over the considered
period June 2019 to May 2020

In situ measurements of soil moisture are not conventional observations and the most recent data
are rarely available. To our knowledge, very few networks provide atlmost near real time.

The different soil moisture data sets used in this report are listddlie74and presented in Figure
Figure63. The in situ soil moisture data base collected in stigly represents a fully independent
source of evaluation representing different biome and climate conditidiie USCRN and SCAN
station networks in the US provide a good sampling of the -mmote SM as they consist of
observations extending from 5 cm tbo m depth. For the SNOTEL (SMOSMANIA) networks, it is
assumed that the deepest measurements at 50 cm (30 cm) are representative of-t@)530

100) cm deep layer. Stations are only considered for the validation if they meet the quality control
criterialisted inTable75. The total number of stations used for each network is listeGaible74.

Figure64 illustrates a time series for the surface SM and the +oate SM for one mithtitude
stationof the SMOSMANIA network in the France. At this latitude, SM exhibits significant seasonal
scale variability, with normally drier conditions in summer and wetter conditions during the winter.
The surface SM variability is largely driven by the stearh atmospheric forcing e.g. precipitation
events. The roezone SM has a longer memory than the surface SM and the annual cycle should be
more distinct. It is evident ifkigure64 that the soil moisture annual cycle as well as its short term
variability is well represented in both layers i.e. most peaks and trough€)/&S82 is represented

for the validation period from June 2019 until May 2020.
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Number of
L . _ stations used
SoilMoisture Soil layer | Spatial
Type . for surface
data set depth (cm) | resolution
(root-zone)
SM validation
NWP 0-7, 728, | ~25km Global
H14 / SMDAS2 :
analysis 28-100 (T799) product
NCRSSNOTEL In situ 5 20,50 Local 225 (177)
(USA observations scale stations
NCRSCAN In situ 5,10,20, | Local 66 (72)
(USA observations 50, 100 scale stations
USCRN In situ 5,10,20, | Local 64 (30)
(USA observations 50, 100 scale stations
SMOSMANIA In situ Local 20 (20)
. 5,10,20,30 _
(France observations scale stations

Table74 Presentation of the different soil moisture products used in this report. NWP stand for numerical weather

prediction. 436 stations with in situ observations are available

Minimum number of
observations over
period

p-value of correlation
coefficient (SMDAS
2vs in situ data)

Soil temperature of in
situ and SMDAS
2data

5

<0.05

>4°C

Table75 Quality control criteria for the stations considered in the validation.
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Pearson R for US stations (RSM layer)
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Pearson R for SMOSMANIA stations (RSM layer)

—

L
P

> SMOSMANIA

0.0 0.2 0.4

Figure63 Location of the in situ soil moisture stations available for this study for then®otovering a large variety of

0.8 1.0

soil types, land cover types and climate conditions over the US (top) and France (bottomynAilsthehCC for each
site between the in situ data and[I3AB2 for the roezone layer.
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SMOSMANIA network at Saint Felix de Lauragais

(a) Surface SM
SM at:43.4417, lon=1.8800

1.0 4

0.8 A

0.6 9

SM (-)

0.4

0.2 4

0.0 4

Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May
2020

(b) Root-zone SM
SM at:43.4417, lon=1.8800

1.04 ---- h14
—8— In situ

Jun Jul Aug Sep Oct Now Dec Jan Feb Mar Apr May

Figure64 lllustration of soil moisture products time series for a station belonging to the SMOSMANIA network for a)
Surface SM and Bpotzone SM. The in situ data are in blue and HEBDASRis in red.

5.3.2.6.2.1 NCRSSCAN

After the quality control checks, a sample of 66 (72) stations from the SRGSI
(http://www.wcce.nrcs.usda.gov/scan/Schaefer and Paetzold 2000) network was available for the
surface (roofzone) SM in this study. This network is a comprehensive;vii@&Asoil moisture and
climate information system designed to provide data to support natural resource assessments and
conservation activities with a focus on agricultural areas in the USA. The observing network is usec
to monitor soil temperature and soil moisture at several depths, soil water level, air temperature,
relative humidity, solar radiation, wind, precipitation dfbarometric pressure, amongst others.
NRCSCAN data have been used for various studies ranging from global climate modelling to
agricultural studies. The vegetation cover at those sites consists of either natural fallow or short
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grass. Data are collectdyy a dielectric constant measuring device and typically measurements are
made at 5, 10, 20, 50 and 100 cm.

5.3.2.6.2.2 USCRN

The U.S. Climate Reference Network National from the Oceanic and Atmospheric Administration's
National Climatic Data Center (USCRN NOAA's NCDC) consists of stations developed, deploye
managed, and maintained by the National Oceanic and Atmospheric Axdratron (NOAA) in the
continental United States for the express purpose of detecting the national signal of climate change
(Bellet al., 2013). After the quality control checks, a sample of 64 (30) stations belonging to the
USCRN network was adopted foetsurface (roezone) SM validation. USCRN main objective is to
provide climatesciencequality measurements of air temperature and precipitation. The stations in
the network were designed to be extensible to other missions and in 2011, the USCRN team
completed at each station in the conterminous United States the installation of triplicate
configuration soil moisture and soil temperature probes at five standard depths (5, 10, 20, 50, and
100 cm).

5.3.2.6.2.3 NCRSSNOTEL

The Natural Resources Conservation ServiédC @) installs, operates and maintains an extensive,
automated system called SNOTEL (short for Snow Telemetry, Schaefer and Paetzold 2000). Tt
SNOTEL is designed to collect snowpack and related climatic data in the Western U.S. and Alask
Most of the statons also measure soil moisture and are located in high altitudes. Data are collected
by a dielectric constant measuring device and typically measurements are made at 5, 20 and 50 cm
After the quality control checks, a sample of 225 (177) stations wakahlafor the SM validation

in this study.

5.3.2.6.2.4 SMOSMANIA
The SMOSMANIA network (Calvet et al., 2007; Albergel et al., 2008) originally consisted of 1-
automated weather stations in Northwest France measuring SM at four different depths (5, 10, 20
and 30 cm) The stations span from the Atlantic Ocean to the Mediterranean Sea and the SM
measurements are derived from capacitance probes. In January 2009, 9 additional RADOME station
were added in southeast France (SMOSMAR)AINn total, 20 (20) stations wereahable for the
surface (rootzone) SM validation in this study after the quality control procedure.

5.3.2.6.3 Surface SM validation results: long statistical analysis

Considering all the stations and the whole June 2019 to May 2020 period, averaged CC valyes are
0.64 and 375 stations are available for the surface SM. CC values at a seasonal scale; June to
August 2019, September to November 2019, December 2019 to February 2020 and March tp May

2020, are 0.69, 0.66, 0.67 and 0.69, respectively. Numbers of stativasadle for these seasons
are 280, 300, 108 and 207, respectively.
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Considering the stations of the NCFSBOTEL network225 stations passed the quality control
checks and were used for the evaluation. For this group of stations, bias, SD, RMS8D4niCC
(CC on anomaly time series) afe020, 0.061, 0.072 and 0.67 (0.40).

Considering the stations of the NRGEAN network66 stations passed the quality control checks
and were used for the evaluation. For this group of stations, bias, SD, RM&B)@nd CC (CC on
anomaly time series) ar®.001, 0.041, 0.047 and 0.47 (0.33).

Considering the stations of the USCRN netwoBK stations passed the quality control checks and
were used for the evaluation. For this group of stations, bias, SD, RM3F)(land CC (CC on
anomaly time series) are 0.000, 0.057, 0.056 and 0.66 (0.55).

Considering the stations of the SMOSMANIA netwp2K stations passed the quality control checks
and were used for the evaluation. For this group of stations, bias, SD, RM&B) @md CC (CC on
anomaly time series) are 0.030, 0.081, 0.062 and 0.82 (0.71).

_ _ Bias | Standard
Region Product , Original - RMSD cC
Country Period (m3m- | deviation
(Network) acronym Sample| . (m3m3) | (@anomaly)
) (m3m'3)
June
NRCSCAN H14 2019 to 0.47
USA . 294 -0.001 0.041 0.047
(66 stations*) | (0-7cm) May (0.33)
2020
June
USCRN H14 2019 to 0.66
USA _ 272 0.000 0.057 0.056
(64 stations*) | (0-7cm) May (0.55)
2020
June
NRCSSNOTEL H14 2019 to 0.67
USA ) 282 -0.020 0.061 0.072
(225 stations*)| (0-7cm) May (0.40)
2020
SMOSMANIA H14 June 0.82
France _ 21 0.030 0.081 0.062
(20 stations*) | (0-7 cm) | 201910 (0.71)
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Table76 Comparisons of normalised soil moisture between in situ observationsA®Skdr June 2019 May 2020.
Mean bias (in situ minus products), correlation, standard deviation and root mean square differg@naes(gi@em for
each network.

* Cases that pass the quality control checks are considered, only.

Table77reports statistical scores at a seasonal scale (June to August 2019, September to Novembe
2019, December 2019 to February 2020 and March to May 2020). CC values are, on average, abo
the threshold (0.50) and targeted (0.65) values. The June to August period demonstrated the highest
average CC (0.69) and the September to November period showed the lowest average CC (0.66).

The left hand side dfigure65 shows box plots of the CC and anomaly CC for each network for the
surface SM. For the US stations (labelled a, c and e), the interquartile range for the CC spans betwee
about 0.4 an 0.8 and the majority of stations are well above the threshold accuracy requirement
of 0.50. The median CC is also above 0.65 for USCRN and SNOTEL, demonstrating a good leve
agreement between the two datasets. For the SMOSMANIA network, the interguamge spans
between about 0.78 and 0.9, indicating that the majority of stations are well above the target
accuracy requirement of 0.6. More than 75% percent of the SMOSMANIA stations reach the
optimum accuracy requirement of 0.8, which is very encgurg. In terms of the anomaly CC, the
best results are for SMOSMANIA and the worst results are for SCAN, with the median about 0.7C
and 0.35 respectively. The anomaly CCs are expected to be lower than the CCs in general becau:
part of the CC signal is duo seasonascale variability. The lower anomaly CC scores for SNOTEL
should be interpreted with caution as large data gaps exist in the spring, autumn and winter seasons
as a result of frozen conditions.

Data used for the Sept- |Dec. 2019 Mar. -
. Product Jun-Aug.
evaluation (N Nov. - May
. acronym 2019
stations) 2019 | Feb.2020| 2020

Bias (3m-3) -0.006 0.05 0.012 -0.015

NRCSCAN H14 RMSD r(n3m'
(32/54/48/56) 3) 0.045 0.041 0.034 0.045
(0-7cm)
CcC 0.46 0.56 0.57 0.45

(anomalies) | (0.35) (0.38) (0.54) (0.47)

USCRN H14 Bias (®m-3) 0.016 0.011 -0.005 -0.025
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(40/52/39/54) (0-7cm) | RMSD n®mr
3) 0.062 0.055 0.043 0.055
CcC 0.61 0.71 0.73 0.71

(anomalies) | (0.54) (0.58) (0.72) | (0.67)

Bias (n°>m3) | -0.024 -0.005 -0.079 -0.073

RMSD ®m-
NCRSSNOTEL H14
3) 0.066 | 0.060 | 0.088 | 0.095
(191/174/1/78) | (0-7cm)
cC 0.75 0.65 0.65 0.80

(anomalies) | (0.42) (0.57) (0.80) | (0.65)

Bias ®m?3) | 0.021 | 0.049 | 0.037 | 0.027

RMSD nmr
SMOSMANIA H14
3) 0.047 0.067 0.058 0.065
(17/20/20/19) (0-7cm)
CC 0.63 0.87 0.77 0.84

(anomalies) | (0.64) (0.63) (0.75) (0.84)

Table7r7. Same as Table 10 but at seasonal scal e

5.3.2.6.4 Rootzone SM validation results: long statistical analysis

Considering all the stations and the whole June 2019 to May 2020 period, averaged CC valy
0.67 and 299 stations are available for the repbne SM. CC values at a seasonal scale; Jun
August 208, September to November 2B, December 2019 to Febany 2020 and March to May
2020, are 0.79, 0.64, 0.54 and 0.67, respectively. Numbers of stations available for these se

are 223, 221, 63 and 138, respectively.

Considering the stations of the NCFSBIOTEL networkl77 stations passed the quality ¢om

for

es are
eto

asons

checks and were used for the evaluation. For this group of stations, bias, SD, RM&Ddnd CC

are 0.006, 0.046, 0.044 and 0.75.

Considering the stations of the NREGEAN network72 stations passed the quality control checks

and were used for thevaluation. For this group of stations, bias, SD, RMSBrfjrand CC are
0.008, 0.034, 0.037 and 0.56.
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Considering the stations of the USCRN netwoBR stations passed the quality control checks and
were used for the evaluation. For this group of stas, bias, SD, RMSD3(m?) and CC are).004,
0.035, 0.038 and 0.48.

Considering the stations of the SMOSMANIA netwp2K stations passed the quality control checks
and were used for the evaluation. For this group of stations, bias, SD, RMBE) (and CC are
0.014, 0.069, 0.056 and 0.72.

_ . Bias Standard
Region Product _ Original L RMSD
country (Network) acronym Period S I (mfmr| - deviation °m-3 cc
ample m3m-
p 3) (m3m_3) ( )
June
NRCSCAN H14 2019 to
USA . 294 | -0.008 0.034 0.037 0.56
(72 stations*) (0-7cm) May
2020
June
USCRN H14 2019 to
USA _ 272 | -0.004 0.035 0.038 0.48
(30 stations*) | (0-7cm) May
2020
June
NRCSSNOTEL H14 2019 to
USA _ 282 0.006 0.046 0.044 0.75
(177 stations*) | (0-7cm) May
2020
June
SMOSMANIA H14 2019 to
France _ 21 0.014 0.069 0.056 0.72
(20 stations*) | (0-7cm) May
2020

Table78 Comparisons of normalised soil moisture between in situ observationsA&Sdr June 2019 to May 2020.
Mean bias (in situ minus products), correlation, standard deviation andanaquare difference (RMSD [f8Brare
given for each network.

* Cases that pass the quality control checks are considered, only.
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Table79reports shtistical scores at a seasonal scale (June to August 2019, September to November
2019, December 2019 to February 2020 and March to May 2020). CC values are, on average, aboy
the threshold (0.50) and targeted (0.65) values. The June to August period deatedshe highest
average CC (0.79) and the December to January period showed the lowest average CC (0.54). No
that there is no data available in winter for SNOTEL due to frozen conditions.

The right hand side dfigure65 shows box plots of the CC for each network for the foamte SM.

For the US stations (labelled b, d and f), the interquartile range for the CC spans between about 0.4(
and 0.85 andhe majority of stations are well above the threshold accuracy requirement of 0.50.
The median CC is also above 0.55 in each case. As the for the surface SM, the best scores &
obtained for the SMOSMANIA networkidgure65h), where stations are well above the target
accuracy requirement of 0.65. More than 25% percent of the SMOSMANIA stations also meet the
optimum accuracy requirement of 0.80.

Dataused for Dec. 2019| Mar. -
) Product Jun:Aug. Sept-
the evaluation - May
. acronym 2019 Nov. 2019
(N stations) Feb.2020| 2020
Bias (n®m®) -0.009 -0.006 -0.004 -0.016
NRCSSCAN H14 ;
RMSD ifpmr
(45/55/32/51) i
(0-7cm) 3) 0.034 0.029 0.028 0.036
CC 0.62 0.72 0.57 0.64
Bias (n3m3) 0.000 0.004 -0.014 -0.028
USCRN H14 RMSD in®m-
(17/26/16/22) (0-7cm) %) 0.030 0.034 0.033 0.040
CC 0.63 0.68 0.38 0.65
Bias (n®m3) 0.010 0.010 n/a -0.066
NCRSNOTEL H14 RMSD ihmr
(149/121/0/47) | (0-7cm) 9) 0.044 0.031 n/a 0.083
CcC 0.87 0.56 n/a 0.72
SMOSMANIA H14 Bias (n®m3) -0.012 0.003 0.034 -0.012
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(12/19/15/18) (0-7cm) | RMSD h3m
3) 0.061 0.046 0.049 0.067
CC 0.62 0.79 0.63 0.64

Table79 Same as Table 12 at seasonal caler a |

stations.

n/ a stands
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Figure65 Box plots of CC values between in situ observations abdSRifor June 2019 to May 2020. The surface SM
scores are on the left and include the CC and anomalyeQGotlone SM scores are on the right and include the CC
only (anomaly CC not relevant for the-zoag).
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5.3.2.7  Conclusions on H14 product validation

The SMDAS2 product was validated for the period 1/06/2019 to 31/5/2020 using in situ
observations and compmons with other land surface/hydrological model outputs. The statistical
scores presented were based on the common validation methodology outlined at the start of CDOP
2 (Annex 2 in Albergel et al., 2011).

Three case studs were presented. In Sectidn3.2.5.2 the soil moisture from SNDAS2 was
indirectly validated using the SCHEME hydrological mod@VAB Belgium. The Soil moisture index
from H14 was comparkwith the SCHEME model soil moistfoethe Demer catchment (1775 Kin

in the Scheldt basinThe upper and lower layers of the scheme model soil moisture were well
correlated with H14 (CC>0.7). $ectiorb.3.2.5.3 a second case study over Bulgaria (NIMH SOFIA)
compared H14 soil moisture wittD automatic in situ soil moisture stations in the Bulgarian agro
meteorological network Theydemonstrated a good level of performanogerall with a CC above
0.65for the top two layers of H14n Sectiorb.3.2.5.4the H14 product was validated by BAFG gsin

in situ Lysimeter data located near Koblenz, Germémgeneral, a good agreement between H14
SWI and Lysimeter weight as wellthe TDR signalasvisible. Howeverwhen comparedo the
integrated soil moisture information retrieved from the Lysimetestandardizedhl4 SWiI
underestimates moisture in dry (summer) periods and overestimates moisture conditiomstin
conditions (winter). Also, it is evident that H14 is unreliable during frozen conditions, which is
expected since it only measures the liduater content. This has been accounted for since autumn
2018, when a quality variable was added to the product, indicating the risk of frozen soil. These
aspects need to be taken into accoumhen using H14 SWI asmodel input or for soil moisture
assinilation in hydrological models. In future work it is planned to include the H14 qualitirol
variablein this comparison. Further, more Lysimeter and soil moisture stations located in Germany
can be included.

Insection5.3.2.64, thelong statistical validationesults of SMDAS2 were presented. To assess the
degree of compliance of the product with requiremer835(299) stations with in situ surface (root

zone measurements over 4 networks (3 in the USA and 1 in France) were used for the validation.
The in situ measurements were taken using electromagnetic techniques, which provide indirect but
accurate soil moisture observations with a frequent temporal samgp{typically hourly)A quality
control screened data during frozen conditions. general, the results demonstrated good
correlations between H14 and the in situ data, with an average CC4&0db0.& for the surface

and rootzone respectively, whicare close tothe target CC requirement of 0.65. Particularly good
results were demonstrated over the SMOSMANIA network in southwest France (CC>0.75).
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5.4 Snow Products Quality Assessment
5.4.1 Quality assessment for product HISNOBS1)

Product ID (Acronym) | HLO(SNOBS1)

Product name Snow detection (snow mask) by VIS/IR radiometry
Algorithm version Latest version: 1.1
number Version considered for Q.A.: 1.1
Covered period 01/10/2019 ¢ 31/05/2020

Q.A. methods applied | Multi-categorical statistics POD, FAR

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

5.4.1.1 Validation results

In this Chapter the validation results of the -8IBS1 long statistics analysis for the snow season
(1.10.20B¢ 31.05.2@0) are reported.

Validation has been performed over BelgiuRinland, Germany, Italy, Poland and Turkey. Each
Country/Team contributes to long statistic validation by providing the monthly contingency table
and the statistical scores. The results are showegaratelyfor flat and mountainous areas to
provide complée error information on the product performances related to the orography. Belgium
and Finland contribute only to flat area validation, whereas ltalgt Turkeyonly for mountainous
areas.

Every country hat defineits own winter season (i.e. months Wwisufficient snow o the ground

for good statics)Winter 201920 was a very mild season wittery few days oknow coverin
western and central Europe and many cloudy dayerdfore snow season is reducedRoland,
Germany andelgium from December to &ch In flat lands of Germany, because of lack of snow
cover, only selected SWE Station data from February to March is considiertbe Italian Alpsas
usual a case study validation from DecemberApril is applied, combining data from Satellite and
Ground Station observation. In Finland and in the mourtasarea of Turkey, where snow cover
wasmore stable anchomogeneous, the whole semestecttMay isevaluated

To assess the degree of compliance of the product with product requiremé&albdg80 and Table
81) all the SPVG members provided the long statistic results follathengalidation methodology
applied in previous OR.
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Score Threshold Target Optimal
POD 0.80 0.85 0.90
FAR 0.20 0.15 0.05

Table8Q product requirements for product-SBS1 in Flat/Forest areas

Score Threshold Target Optimal
POD 0.60 0.70 0.9
FAR 0.30 0.20 0.05

Table81 product requirements for product-GBS1 in Mountainous areas

The main scores to be evaluated are the Probability Of Detection (POD) and the False Alarm Rat
(FAR). However, iarder to give a more complete idea of the product error structuseveral
statistical scores have been evaluatdde results are separatddr flat and mountainous areas, as
thresholds are different(Table82 and Table83).

FEFaG . St3] CAYEf|DSNXYH t2f | ! @SN
y dzY 6 S NA 2113 6910 1920 10331 -
L2 R 1.00 0.94 0.53 0.48 0.74
T I NJ 0.21 0.22 0.31 0.35 0.27
O&A 0.79 0.74 0.43 0.38 0.59
L2 TR 0.00 0.18 0.02 0.03 0.06
I OO 1.00 0.87 0.88 0.91 0.92

Table82 Statistical scores for H10 over flat areas relatively to the period %30.22R0

Y2dzy a4 LOGFEDSNXNH t2€ | ¢dzNJ| ! S NI
y dzYo SNA | 1717 1464 974 8299 -
L2 R 0.55 0.76 0.57 0.91 0.70
F I NJ 0.08 0.60 0.09 0.10 0.22
O& A 0.52 0.35 0.54 0.83 0.56
L2 ¥R 0.10 0.24 0.22 0.50 0.27
NeXe) 0.67 0.56 0.62 0.84 0.67

Table83 Statistical scores for H10 over mountainous areas relédivegperiod 1.10.20831.5.2R0

Table84 summarizes the results on trentire validation domainfor a more complete information
of product performances
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mountainous . ; . L
andflatarea | . St 3| CAYEt | LUl {DSNXI| t 2| ¢dzNJ| ! OS NJ
numbers of obs 2113 6910 1717 ooyn mMmmon 8299 --
pod 1.00 0.94 0.55 ndécy ndépy 091 0.76
far 0.21 0.22 0.08 ndén¢ ndH ¢ 0.10 0.22
csi 0.79 0.74 0.52 n®o¢( ndéni 0.83 ndc H
pofd 0.00 0.18 0.10 neémq¢ ndni 050 nomc
acc 1.00 0.87 0.67 noTy nody( 084 ny o

Table84 Statistical scores for H10 over mountainous and flat areas refeii@dyl.10.2@431.5.2020

Analysing the data from the different countrigscan be noticed that,n the flat areaproblems

arise inGermanyand in Polanddue to the fact that many observations in the period are made with
only some cm snow on the grod and a verynhomogeneous snow coveand in most cases there

were cloudy days with a very high number of misses. On the other hand, note that accuracy is very
322R® ¢KSNBF2NB>X S@Sy AF I mn R2yQiQ NBI OK
validation cluster retains that the product has good ability to distinguish snow and bare ground even
in very mild and snowless winter as season 20Q@9were snow detection with automatic weather
stations are affected by very high number of errors (falsgedtion or misses).

Ly Y2dzydlFAy2dz +FNBFaAaX th5Qa IINB t2¢ Ay LOlf ¢
of this, in sum, the product satisfies the requirements with POD and FAR better than thresholds,
that are not so demanding as in flat areasd very close to target levels. Note that in those cases
accuracy is lower: that is expected in very complex mountainous orography.

In sum,validation group retains that a ground station based validation of satellite products has
severe limitations esgecially in case of flat land with scarce and/or very inhomogeneous snow
cover, anda validation based on independefitigh resolutionsatellite data, likeCopernicus
Sentine?, is more apt to capture the large scale variability of snow covéis new validtion
methodology is applied since 2019 to Fractional Snow Cover product H12 and this year in the
validation of the new product H32 over extEairopean areaef. Piazzi et al. 2017)

Averaging the figures over all the countries and terrains, a rathed gapability of the product to
detect snow on the groundvith a total POD 06 and an associated low false alarm FARQs
observed (able84). In sum, also a rather good mean accuracy of 0.83 is achieved.

5.4.1.2 Conclusions: Product requirement compliance

In the flat areas(Table 85), the probability of detection (POD @) is a little below the very
demanding threshold, anBAR with @7 is a little over thresholdalues.
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In mountainous areafTable84) the Probability Of Detection POD 0iggood and atargetlevels
the False Alarm Rate FARDis between threshold and target

Validation grougpoints outthat as in OR@roduct H10performanceis very consistent andsimilar

in the two different areas of validatigrihis is mainly duéo the advanced procedure in calculating
the product, with two different algorithmsin mountains and flat/forested areas, which are
afterwardsblended for the find unified product.Therefore, validation groumaypropose unifying
thresholds in flat and mountains areas, as already done for product H32

Between target an( Between threshold Threshold exceede( Threshold exoeded
optimal and target by <50 % oe X pn 2z

H-SAF Accuracy requirements for H10 in Flat/Fc
areas

Product requirements H10
Score threshold|target |optimal |total
POD 0.80 0.85 ]0.99 0.74
FAR 0.20 0.15 ]0.05 0.27

Table85 Simplified compliananalysisfor product H10 (Flat/Forest ajeas

H-SAF Accuracy requirements for H10
Mountainous areas

Product requirements H10
Score threshold|target |optimal |total
POD 0.60 0.70 ]0.99 0.70
FAR 0.30 0.20 |0.05 0.22

Table86 Simplified compliance analysis for product H10 (mountainous areas)
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5.4.2 Quality assessment for product HISNOBS?2)
Product ID (Acronym) | H11 (SNOBS2)

Product name Snow status (dry/wet) by MW radiometry
Algorithm version Latest version: 1.0
LTSS Version considered for Q.A.: 1.0
Covered period 01/10/2019¢ 31/05/2020

Q.A. methods applied | Continuous statistics POD, FAR, CSI

Contributing countries FL, (GE)

In this review the validation results of the €$MBS2 long statistics analysis for tlemow season
(1.10.20B ¢ 31.05.20D) are reported.

Product H11is defined only in flat areas and has validity in Nordic countries, in winter months and
in homogenous snow cover, therefore in this report @Rdationis performedonly in Finland.

The results of OR9 showed clearly tibduct H11 has good performances onty Nordic areas

and in periodswhen, during the winteyr snow cover is homogenousvinter 201920 was
characterized by having almost no snow in central Europe. A tentative vahdeti Germany,
performed for comparison, led to only 89 observations in the whole period with almost no Hits
(positive detection) and a very high number of Misses in statistics, due to an extremely
inhomogeneous and unstable snow cover and large errorground station measurements,
therefore results are not considered in this validation.

The main scores to be evaluated are Probability Of Detection (POD) and False Alarm Rate (FAR).

H-SAF Accuracy requirements for H11

Product requirements

Score threshold target optimal
POD 0.60 0.80 0.90
FAR 0.20 0.10 0.05

Table87 product requirements for product H11GBS2
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5.4.2.1 Validation results

In Table88the monthly statistics for the entire snow period (winter semester) in Finland is shown.

Finland ott-18 | nov-18 | dic-18 | gen-19 | feb-19 | mar-19 | apr-19 | mag19 | Total
numbers of obs | 121 248 516 342 367 465 323 261 2643
pod 090 | 099 | 1.00 | 1.00 | 093 | 081 | 074 0.24 | 0.87
far 071 | 011 | 019 | 013 | 002 | 0.12 | 0.0 0.23 | 0.12
csi 008 | 088 | 081 | 087 | 091 | 073 | 0.69 0.23 | 0.78
pofd 069 | 1.00 | 1.00 | 1.00 | 053 0.65 0.49 0.10 | 0.63
acc 099 | 088 | 081 | 087 | 091 | 074 | 071 051 | 0.79

Tables88 Statistical scores for H11 over Finland relatively to the period 1.10.281%.2020

The main scores to be evaluated are POD and Béthh order to give a more complete idea of the
product errorstructure several statistal scores have been evaluated.

As shown irrable88 in Finlandboth POD and FAR are at good levels of accuracy. Yet even in this
Nordic county, a decay of performance is observed in the two spring months of April and especially
in May; this may be due to a lack of homogeneity of snow cover.

5.4.2.2 Conclusions: Product regiirement compliance
In Table89results are shown and a final average is made.

Beetweentarget | Between threshold | Threshold exceedeq Threshold exceedec
and optimal and target by <50 % 0e x pn

TG NS CAyf
V' dzY 0 S NA 2643
L2 R 0.87
T NJ 0.12
O & A 0.78
L2 TR 0.63
eYe) 0.79

Table89 Statistical scores for H11 relatively to the snow period in Finland
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In the mean, product H11 satisfies the requirements, with results of POD betteegat and
optimal and FAR between threshold and target.

As in past validations, validation group strongly recommersiisgproductH11in Nordic areasnly
during the winterand ifsnow cover i&known to be sufficientihhomogenous

5.4.3 Quality assessment fgproduct HR (ES€E)
5.4.3.1 Context and aim of this report

This report presents validation results for theSAF snow product H12 vs. SentiBelevel?
FractionalSnowCover (FSC) maps. H12 is aBAF snow product including daily FSC maps based
on visible/neasinfrared (VIS/NIR) data from the Advanced vkighresolution Radiometer
(AVHRR) on board of the National Oceanic and Atmospheric Administration (NOAA) and
meteorological operational (MetOp) satellites (Piazzi et al., 2019). H12 provides FSC maps over th
H-SAF area (25°N to 75°N latitude, 25°W to 45°E longitude). Spatial sampling is 0.01Dihkatnis,

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

as snowdepth sensorsin 2017, a new validation metllology for Fractional Snow Cover product
was developed and then approved iRSAF, involving SentinglSceneClassification maps. this
report, we followed the validation methodology for H12 applied in Piazzi et al. (2019) and compared
FSC maps from H12. those derived from Sentingl

The validation periofbbr snow products in OR10@ctober 1, 2019 through May 31, 2020 and areas

of interestwere chosen as NortkVestern Italy (henceforth, NW Italy), the Pyrenees, Finland, south
western Norway (hencefth, Norway), Belarus, and the Apennines. These areas include a mixture
of flat areas (Finland and Belarus) and mountainous areas (NW lItaly, the Pyrenees, the Apennines
and Norway).
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Eﬁ&'m]

: Mo data
Figure66Example of HSAF H12 quickview FSC map for April 5, 2017
5.4.3.2 Methods

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

The first step was the selection of the Sentihtles over each area of interest to be compared with
H12. Overall, we considered 7 tiles in the Pyrenees, 6 tiles in NW ltaly, 3 tiles across the Apennines
and 4 tiles in Belarus, Norway, and Finland (respectively, 28 tiles in total). For each tile, we then
selected an orbit providing a ftdquare map by isually inspecting representative images on
https://scihub.copernicus.eu/dhus/#/home

Figure67 reports the location of each tile, whil€able90 summarizes the number of considered
maps for each tile (after filtering images with cloud cover above 20%), as well as the corresponding
orbit.

After tile selection, we downloaded S2MSI2A Sentthekvel2A images between October 1, 2019
and May 31, 2020, including both Sentinel 2A and 2B. For each map, we then extracted Scen
Classification maps (SCL) at 20 m (note that these Scene ClassHieaéiatirectly available from
https://scihub.copernicus.eu/dhus/#/hcame no processing with Sen2Cor was performed).
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SceneClassification maps provide indication of predominant land/cloud cover for each pixel in the
image, intuding ground, vegetation, snow, water, and various IDs for cloud anetihims cover:
These Scen€lassification maps represent the validation source against which to validate H12.

Figure67Considered Sentinel2 tiles

Las

| |E330TXN

| |c330TYN

O31TBG
C131TCG
C131TCH

31TDG
CJ131TDH
= 32TLQ
B 32TLR
B 32TMR
E32TMS
E32TNR
I 32TNS

=1 33TUG

Sentinel2 Tile

33TUH
E33TVG
35VLK
35VML
4 35VNL
mm 35WNN
B 32VMP
= 32VMN
B0 32VLP
CI132VLN
35UNV
35UPV
B 35UNA
4 35UPA

Area d interest

Tile

Orbit

# of images

NW ltaly

Pyrenees

32TLQ
32TLR
32TMR
32TMS
32TNR
32TNS
30TXN
30TYN

108
108
65
65
65
65
94
51

18
13
9

9

12
14
12
15

1 https://sentinel.esa.int/web/sentinel/technicafjuides/sentinel2-msi/level2a/algorithm
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31TBG 51 13
31TCG 51 18
31TCH 51 17
31TDG 8 14
31TDH 8 10
Apennines 33TUG 122 16
33TUH 122 17
33TVG 79 23
Belarus 35UNA 93 4
35UNV 93 7
35UPA 93 5
35UPV 93 5
Norway 32VLN 94 12
32VLP 94 11
32VMN 94 18
32VMP 94 8
Finland 35VLK 122 4
35VML 79 & 122 10
35VNL 79 & 36 11
35WNN 79 6
Total 331

Table90Considered Sentinel2 tiles, satellite orbit, and number of images for each area of interest. Images
cover the period October 1, 2019 through May 31, 2020 and were filtered to discard those with overall

cloud cover above 20%.

All available H12 images between October 1, 2019 and May 31, 2020 were downloaded from the
Meteoam HSAHtp server After receiving all images, we performed an im&agémage comparison
between Sentinel 2 and H12 FSC with the goal of quantifyinggdifdrmance in estimating
Sentinel2 FSC. This assessment was limited to Sentinel images with overall cloud cover below 20%
The impact of clouds is higher in Finland and Belarus than in the other regions (see a decrease il
available images imable90).



Doc. No: SAF/HSAF/OpRep/2020_S1_S2
EUMETSAT OperationsReport Version: 1.0
H SAF 2020 S1/s2 Date:25/06/2021
Pagel169226

The comparison procedure worked by first determining the H12 scene corresponding to each
Sentinef2 tile-map by clipping the H12 raster according to the bounding boxache&sentineR
image. Second, we estimated a fractiosabw-cover (FSC) map from Senti2eht the coarser
NEBazftdziAzy 2F | mu o0& O2dzyiAy3a (GKS ydzYoSN 27
pixel where the percentage of nesnow and norground pixels was above 50% was set to NaN
Agreement between H12 and Sentifmlsed SCA maps was assessed using two performance
metrics, the Root Mean Square Error (RMSE) and Bias:

N o 2
RMSE = \/Zﬂ:l (F*SYCTL-_UI{:) FSC‘!L._SZ) (1)

;\'

Bias — Sy (FSCh i35 — FSCy 92)
as = i

2)

whereFSGHssis Fractional Snow Cover on a given pivadcording to H33 SEs2is Fractional Snow
Cover according to Sentinel in the same pixeAndN is the total number of pixels across which
RMSE and Bias are calculated.

We computed RMSE and Bias by first aggregating results across all availabkefio@gie same

area of interest, and then by disaggregating samples of FSC for bins of FSC according to Sentinel
(10% increments and one class for FSC between 0 and 1%, which was assumed to represent ba
soil).

Threshold, target, and optimal RMSE vakiare 50%, 30%, 10%, for mountainous areas and 40%,
20%, 10%, for flat areas.

H-SAF Accuracy requiremenESC Products
Score threshold target optimal
ZLZZEORNE/?;? 40% 20% 10%
Qﬂrgigtg&%’é 50% 30% 10%

5.4.3.3 Results

Figure68 reports a comparison between FSC estimates according to H12 and those according to
Sentinel 2 (resampled at the coarser resolution of H12) for select days and all areas of interest. Thit
comparison shows a high level of consistency in terms of staumgred spatibpatterns between

H12 and Sentinel 2, including transitions between higher peaks and lower valleys or fjords in
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mountain regions. Agreement in terms of spatial patterns is also high in the considered flat region
of Finland and Belarus.

Both H12 and Sental2 also capture well a decline in FSC for peripheral areas and a clear increase
in spatial consistency (and so higher FS@sre the bulk of snowpack is accumulatdd other
words, both H12 and Sentinrlwell capture changes in spatial homogeneityhaf snowpack.

Figure69to Figure74 compare the frequency of H12 and resampled Sentihplxels binned into

11 classes of FSThese statistics confirm that the snow spatial patterns captured by H12 and by
Sentinel 2 are in good agreement, both in flat areas and in mountain regibiese spatial patterns

are more varied.
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Figure68Comparison between H12 and Sergifehctional Snow Cover in the Pyrenees (a, December 27, 2019 tile
31TCH), NW ltaly (b, February 09, 2020, tile 32TLR), the Apennines (c, January 1, 2020 tile 33TUH), Belarus (d, Mar
20D, tile 35UPV), Norway (e, April 6 2020, tile 32VLP), and Finland (f, May 22, 2020, tile 35WNN).

2S faz2 y20S I GSyRSyoOe 2F {SyildAySt u (2 NBL
soil than H12 in all areas of interest but Belarus. Weamnhis outcome as potentially due to H12
images being natively coarser than Sentinel 2; such estimates by H12 may be the result of a large
footprint, an effect we attempted to reconstruct for Sentinel 2 by resampling its images at the same
spatial resaltion of H12. Moreover, resampled FSC estimates by Sentinel 2 neglect areas with
potential snow under canopy, which may lead to Sentleded FSC being more representative of

an open, spatially coherent snowpack (thus the apparent underestimation of \FBC).
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Figure69Frequency of H12 and resampled Seripedels binned into 11 classes of FSC for the Pyrenees.
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Figure70Frequency of H12 and resampled Sefipedels binned into 11 classes 8CHor NW ltaly.
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Figure71Frequency of H12 and resampled Sefftipédels binned into 11 classes of FSC for the Apennines.
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Figure72Frequency of H12 and resampled Serfipetels binned into 11asses of FSC for Belarus.
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Figure73Frequency of H12 and resampled Seripélels binned into 11 classes of FSC for Norway.
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Figure74Frequency of H12 and resampled Sefftipétels binned intbl classes of FSC for Finland.

Figure75RMSE and bias of H12 with regard to Sentinel2 FSC, as a function of SentineR FSC: Pyrenees (left)

and NW ltaly (right).














































































































































