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1 LYGNRRdAzOGAZ2Y

1.1 Purposeof the document

The purpose of the document is to provide a report of #egineering aspects of the-SAF
operationsfor the secondsemesterof 2016 (from 01/07/2016to 31/12/2016). It does notinclude
results of quality assessment and hydralidation of operational productghat will be included in
the next version of the daument to be submitted to O&?

1.2 Document overview
The following sections compose the present document:

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

Section3: operations overview: the real performances of the system are reported, in terms of
products availability, archiving and disseminations, problems report.

Sectiond: record of the interactions with EUMETSAT for EUMETCAST and UMARF setup purposes
Sectior5sY (1 KS dzaSNNR& FSSRolF O] NBOSAGSR FTNRY GKS
Section6: Product Quality Assessment.

Appendi@s: more detailed results of the quality assessment activities

The Operations Report include as annex the Hydrovalidation Reports, in a separate set of four
documents:

Dal {!'CPhLwWSLIWHAMc yhwec Pl & RyNBlagicd VaRiationSgrafegyS L2 N

2) al { ! Cyh LwShbddcHl MvecR N2 @I £ A RHydialogicAlwnSdelg andl tesk sites
description

3 al {! Cyh LiwShddecHpn MecR NR @+ £ A RHydiclogicAlw &lidagioN Rapuits
Product interfacing and utilization improvement

4) al {! Cyh LwOSREyHydrowaliddt 2 y w S LIZSNdimpany énd Status of actions
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2 hLISN)YGA2ya 20SNBASH
2.1 Operation commitments: the &viceJecification

Referencefor the operations is the #$AF Service Specificati (current baseline release
SAF/HSAF/SeSp/I;@late 02/07/2015.

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

2.2 Referenceperiod

The Operation Report is delivered twice a year; it covers the previous 6 months of the year (a

semester) before the deliveig I 1 ST GKIF1Qa ¢Keé Ada ylIYS A& dzyF
SAF_HSABPRep<YYY¥ SXx> <v> <r>

where<YYY¥ s the year<x>the semester (first or second) of the yeaw> 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 of&AF cannot be monitored with the same frequency as the engineering
ones, due to specific reasons, sumhthe 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 only once a year these aspects are included in the report

Current report (206 &) covers these periods:

Operations aspect in this report Covered period

Engineering aspects (system performances) from 01/07/2016to 31/12/2016

Product Quality Assessment from 01/07/2015 to 30/06/2016 (*)

Hydro Validation Report from 01/07/2015 to 3006/2016

MEAGKAY GKAA LISNA2R (KS a{y2¢ aSlrazyé¢ Aa FTNBY wm
snow products

2.3 Products list

During CDOR, the products provided by the-BAF to primary users are listed in the table below.
This reportpresents, for the first time, the assessment af@;1 H101, H102, H103 Surface Soil
Moisture ASCAT A/B NRT Orbit (declaogabrational since-June 201% only cacerning the
engineering aspect@ote that the coverage period of the engineering aspectshiied 6 mounts
forward respect the covered period of the products quality assessm&m) quality assessmeioif
productsH16, H101, H102, H108 expected in the operational report 20152 (within CDOP3
phase).
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Identifier | Acronym | Name Operational Statukistory

Precipitation products

HOlnew | PROBSL Precipitation rate at ground by MW conical Operational sincduly 2013
rel. new rel. scanner
HO2A PROBS2?A | Precipitation rate at ground by MW crofimck Operational sincduly 2013
new rel. | new rel. scanners
S - Preoperational since FBAF
Precipitation rate at ground by GEO/IR supporte
HO3A PROBS3A Development Phase
by LEO/MW . _ .
- Operational since midune 2015
S - Preoperational since June 2012
Precipitation rate at ground by LEO/MW support _ _
HO4A PROBSAA - Operational as offine products since
by GEO/IR _
mid-June 2015
Accumulated precipitation at ground by blended | - Preoperational since June 2012
HO5A PROBS5A _ ) )
MW and IR - Operational since midune 2015
Blended SEWRI Convection area / LEO MW Preoperational since midlune 2015
H15A PROBSGA

Convective Precipitation

Soil Moisture products

Smallscale surface soil moisture by radar

Preoperational since FBAF

HO8 SMOBS2
scatterometer Development Phase
SoilMoisture Profile Index in the roots region Operational since June 2012
H14 SMDAS2 | retrieved by surface wetness scatterometer
assimilation method
H16 Ssg' I\/T:'EM Metop-B ASCAT NRT SSM orbit geometry 12.5 | Operational since June 2016
0125 sampling
SSMASCAT | Metop-A ASCAT NRT SSM orbit geometry 12.5 | Operational since June 2016
H101 ANRT .
0125 sampling
H102 ssM Asca] Metop-A ASCAT NRT SSM orbit geometry 25 kn| Operational since June 2016
ANRT @5 | sampling
H103 ssM Asca] Metop-B ASCAT NRT S6idit geometry 25 km Operational since June 2016
B NRT @56 | sampling

Snow products

H10 SNOBS1 | Snow detection (snow mask) by VIS/IR radiomet] Operational since November 2011
H11 SNOBS2 | Snow status (dry/wet) by MW radiometry Preoperational since December 2013
H12 SNOBS3 | Effective snow cover by VIR radiometry Preoperational since November 2017
H13 SNOB$4 | Snow water equivalent by MW radiometry Operational since November 2012

Tablel: HSAFCDOR2 operationaproducts list
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2.4 Commitments related to Product Requiremerdaad NRT Production
Operational | Other Spatial
ID Product Name Acronym | Satellite Operational | Format P Spatial Resolution| Threshold Accuracy Target Accuracy Optimal Accuracy
Coverage
Input Data | Input Data
SSMI  and| SSM/I (on H-SAF ares Resolution Chamging with precipitation| Changing with Changing with
SSMIS ol DMSP15) and >-<t nd adec changing with type: precipitation type: precipitation type:
HO1 | Precipitation rate at PROBS1 DMSP (SSMAMSRE (on te Aef_e precipitationtype:|w ¢dE: F2NI B |w ym: FT2N b |w Hp: T2N
new |ground by MW conica | on DMSP untif EOSAqua) BUFR ° d nta 30 kmin average |w MH /EE1I0 A/ M @ ™ pizl0 mnd/iNd N w 09 for 210 mm/h,
rel. | scanner NEWTEL | Nov. 2011 ¢ an h Sampling: 16 km {w HN/E: F2NJ flo mMnp: FT2N fw dE: F2N
no longer Z?Iu t.e”‘
available) antic
AMSUA/B on Resolution Changing with precipitatiorf Changing with Changing with
NOAA ~ ang changing with type: precipitation type: precipitation type:
HO2A | Precipitation rate at PROBS2A AMSUA and precipitationtype:|w dE: F2NI B (w ym: F2NI b |w Hp: FT2N
new | ground by MW cross : MHS on EP BUFR H-SAF areg 40 kmin average |w M H /E210 M/INI M w M pl210 MRiNI N w  p /E:-109m2nM)
rel. |track scanners newrel. | MHS (Metop, Sampling: 16 km |0 HN/E: F2N flo mnpl: F2N fw @z F2N
NOAA 18/19)
Resolution Changing with precipitation Changing with Changing with
Precipitation rate at SAFHHO1 changing cross | type: precipitation type: precipitation type:
ground by GEO/IR SEVIRIon | new rel. i | Europe:8kmin |w dE: F2NI D |0 ymE: F2N b |w Hp: FT2N
HO3A supported by PROBS3A MSG SAFH/HOR& GRIR | H-SAF areg average W MHJE0MR/MNI Mw mnaplzl0 M) Nw  p EE-10Tm2ni)
LEO/MW new rel. Sampling: 5kminjew HnE: F2N flo mnpl: F2N fw @E: F2N
average
SEVIRI on Resolution: 30 km| Changing with precipitatiof Changing with Changing with
Precipitation rate at MSG; AMSU in average type: precipitation type: precipitation type:
HO4A | ground by LEO/MW | PROBSAA A/B (NOAA GRIR2 |H-SAF ared Sampling: 8kminjw dEz F2NJ B |w ysx: T2N b |w Hpz F2NJ
supportedby GEO/IR 15/16) average @ MHJUEF0 A/MNI Mw maplEl0 Mg N w  p srz-10Tm2ni)
MHS (Metop, w HNE: FT2NJ flo mnp: T2N fw dmE: F2N

NOAA 18/19)
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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
Resolution: ~ 30 | Changing with integration | Changing with integration| Changing with
Accumulated SEVIRI on km interval: interval: integration interval:
precipitation at i 1 Sampling: 5kminjw MH/EzH F2NJ ojlw ym:hT2N o |w %for3h
HO5A ground by blended PROBSSA| MSG GRIR | H-SAF areg average accumulation, accumulation, accumulation,
MW and IR w MAE:-h T2N HO TR -hF2N HQw HPE: -hT 2 NJ
accumulation accumulation accumulation
S Resolution Changing with precipitation Changing with Changing with
Precipitation changing cross | type: precipitation type: precipitation type:
rate at ground Europe:8kmin | gz F2NI B |w ylors10mmh,  |o Hp: T2 NI
i / LEC PROBS1. PR i @ MHUEFIO MM Mw M psl0 M) N w o p sEz-10mEnM)
H15A | COnvection area PROBSGA | MSG " |GRIR | H-SAFarea | Sampling: 5 km in
MW Convective OBS2) aver: eg. W HNE:? F2N flo mnplz F2N fw dxr: F2N
Precipitation Convective g
cloud Mask Sampling
(NEFODINA) dependent of
SEVIRI IFOV
Resolution Correlation coefficient (CC| Correlation coefficient Correlation coefficien
Smaliscale surface resulting from 0.50 (CC): 0.65 (CC): 0,80
. ; ASCAT on . disaggregation
HO8 | soil moisture by radar| SMOBS2 SAR imagery | BUFR | H-SAF areg ;
scatterometer Metop starting from 25
km
Sampling: 0.5 km
Horizontal Correlation coefficient (CC| Correlation coefficient Correlation coefficien
resolution: 25km | 0.50 (CC): 0.65 (CC): 0,80
Soil Moisture Profile Values X?;'Z?é rizra]stck)llgnon
Index in the roots in grid range surface
H14 |regionretrieved by i o p o |ASCATON onpiiing  |POMS | Giobal | to2.89m: layen
surface wetness Metop ona (0-7cm), layer2
scatterometer Gaussian (7-28cml) IZly o
assimilation method grid (28-100cm) and
layer4 (100
289cm).




I Doc. No: SAF/HSAF/OpRep/2016_S2
é H SAF OperatlonSRepOI’t Version: 1.2
e cem 2016 S2 Date:07/07/2017
Pagel5/148
Operational | Other Spatial
ID Product Name Acronym | Satellite Operational | Format P Spatial Resolution| Threshold Accuracy Target Accuracy Optimal Accuracy
Coverage
Input Data | Input Data
Resolution: 284 | Signal to noise ratio: 0 dB [ Signal to noise ratio: 3 dB| Signal to noise ratio:
Metop-B ASCAT NRT| SSM ASCAT on Km x 2534 km dB
H16 | SSM orbit geometry ASCAB Meton B BUFR Global ) o
12.5km sampling | NRT @2.5 P 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 ASCAT NRT| SSM ASCAT on Km x 2534 km dB
H101 | SSM orbit geometry ASCARA Meton A BUFR Global ) o
12.5kmsampling | NRT @2.5 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 ASCAT NRT| SSM
: ASCAT on x 50 km dB
H102 | SSM orbit geometry | ASCARA Meton A BUFR | Global ) .
25 km sampling NRT @5 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 orbit geometry ASCAB Meton B BUFR Global . .
25 km sampling NRT @5 P Spatial sampling:
25 km
SEVIRI pixel POD: POD: POD: 99 %
. SEVIRI on resolution and griq Flat/Forested areas: 80 %| Flat/Forested areas: 85 %4 FAR: B
Snow detection (snow MSG Mountainous areas: 60% | Mountainous areas: 70%
H10 Ir’naz;s;)nl;i/rVIS/lR SNOBS1 Meteosato 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 SNOB&2 EOSAqua HDF5 H-SAF areg km False Alarm Rate (FAR): 2 False Alarm Rate (FAR): | FalseAlarm Rate
Sampling: 20 km | % % (FAR): 5%
Effective snow cover AVHRR on Resolution: 12 45% (Overall accuracy) | 65% (Overall accuracy) |[95% (Overall
H12 . SNOBS3 | NOAA and HDF5 H-SAF ared km, Sampling:0.0] accuracy)
by VIS/IR radiometry
Metop degrees
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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
Resolution: ~20 [w Cf+F G k C2Nw Cflid k C2Nw Cfld k C
Snow water SSMIS on km 40mm 20mm areas: 10mm
H13 | equivalent by MW SNOB#4 HDF5 H-SAF areg ) .
radiometry DMSP Sampling:0.25 |w a2dzyil Ay2diw azdzydl Ay 2 dwMountainous areas:
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
HOlnew . p g y PROBS1 06-12 and 1824 UTC 2.5 hours
rel. conical scanner new rel. i
Observing cycle over Europe: ~ 10
Precipitation rate at ground by MW Up to six passes/day witiomewhat
HO2A P g y PROBS2A irregular distribution across the day 1 hour
new rel. | crosstrack scanners new rel. )
Observing cycle over Europe: ~5 |
Every new SEVIRI image (at 15 mi
Precipitation rate at ground by ; .
intervals
HO3A | GEO/IR supported by LEO/Mw | PROBS3A ) 15 min
Observing cycle over Europe: 15 n
HO4A Precipitation rate at ground by PROBSAA| 12 times per da inh
LEO/MW supportethy GEO/IR P y ours
Four products (integrals over 3, 6,
Accumulated precipitation at ground :
and 24 h) every three hours (rolling
HO5A by blended MW and IR PROBS5A _ ) every (rolling 3 hours
Observing cycle over Europe: 3 h
Every new SEVIRI image (at 15 mi
H15A Blended SEV_IRI Conygctlgn area/ | PROBSBA | 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 17223 UTC 3 hours
Observing cycle over Europe: 36 h
Soil Mois.ture Prpfile Index in the Model output at 24h intervals
H14 |FOOIsregion retrieved by surface | o0 s o | Observing cycle ~ 24 h (NWP mod| 24 to 36 hours
wetnessscatterometer assimilation o e
method assimilation / stabilisation process)
) SSM ASCAT On completion of each orbit. Each
H16 gﬂzetr,oi;s Asnf:'?: NRT SSM orbit geome B NRT | orbitlasts 101 minutes (orbital 2 hours
' sampiing 012.5 period), resulting in ca. 14
. SSM ASCAT orbits/day. Observing cycle over
H101 Metop-A ASCAT NRT SSM orbit geome| ANRT | Europe: 36 h (full geographical 2 hours
12.5 km sampling
012.5 coverage).
) | On completion of each orbit. Each
H102 Metop-A AS(.:AT NRT SSM orbit geomel SSM ASCA orbit lasts 101 minutes (orbital 2 hours
25 km sampling A NRT @5 . L
period), resulting in ca. 14
MetonB ASCAT NRT SSM orbit SSM ASCAT orbits/day. Observing cycle over
etop- orbit geome| . ;
H103 25 kmsampling B NRT 05 Europe: 36 h (full geographical 2 hours
coverage).
Snow detection (snow mask) by o .
utput result every 24 h
H10 VIS/IR radiometry SNOBS1 p y 30 min
H11 Snow status (dry/wet) by MW SNOBS? | Output result every 24 h 6 hours

radiometry
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30 min
Timeliness is
intended as
Output result every 24 h delay after
Effective snow cover by VIS/IR After each AVHRR pass, then mult] acquisition of
H12 : SNOBS3 ) .
radiometry temporal analysis for clouftee the last image
pixels utilised in the
multi-
temporal
analysis
Output result every 24 h
H1g | Snow water equivalent by MW SNOBS4 | Assimilation of SSMI/S brightness |6 hours

radiometry

temperatures in a background field

Table3: Commitments related to Product RequirenieGeneration frequency amgneliness
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3 {@aGSY LISNF2NXI YOS
3.1 Productsavailability

The availability (entlo-end) of the products was evaluated through the analysis of some data
related to the production andissemination of the products in relation to the maximum theoretical
value. Here below a detailed description of the parameters to generate the metrics:

The Expected Production (EP) counts the amount of products expected to be generated (the results
will be shown both on a monthly and sefnnual basis).

The Successful Production (SP) counts the amount of products successfully generated anc
disseminated within the expected timeliness of each NRT product (the results will be shown both
on a monthly and serrannual basis). For the efffhie products (e.g. HO4) the value of timeliness will

not be taken into account for the computation of SP value. In this case the SP represents the total
amount of products generated and disseminated via FTP.

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

3.1.10verall poducts generatiorand success rate

The following table shows the overall results of products generation and performance on the whole
review period. All the data in the table are derived from Treble5 that contains the detailed results

on monthly basis.

Product
ID Acronym EP SP SR
Ho1 PROBSL 4452 | 4365
new rel. new rel.
HO2A PROBS2A 27447 | 27413
new rel. new rel.
HO3A PROBS3A 17664 17520
HO5A PROBSSA 5888 5869
H15A PROBSGA 17664 17552
HO8 SM-OBS2 8165 8129
H14 SMDAS2 184 181
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Product
ID Acronym EP SP SR
H16 SSM ASCATNRT O 88320 | 87990
H101 SSM ASCAXNRT O 88320 | 87571
H102 SSM ASCAX NRTO 88320 | 87595
H103 SSM ASCATNRT O 88320 | 88033
H10 SNOBS1 184 180
H11 SNOBS2 184 179
H12 SNOBS3 184 183
H13 SNOB#4 184 183
AVERAGE

Tabled: Overall products generation and success rate

Where:
f Average SOl f Odzf I (i S Rwith @1Y.n ,1n = fumAproducts)

ThedAverage SRis the averagevalueof the Success Rates of each generation chain; this value is
not influenced by the gegration frequency of the chains since the principle is ttizdins have the
same weight in the computation

The following figure shows a plot of the overall value of SRs for each product and the total average
as described before
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Success Rate (whole period)
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Figurel: Overall success rate (per product and total)

3.1.2Monthly detailed performance

In this section are shown the availability 6f8AF products on a monthly basis. Please note that the
values of SP in the table are calculatedlom basis of the availability of NRT products on th8AF

FTP server (ftphsaf.meteoam.it) within the expected timeliness. All NRT products, that have been
generated and/or uploaded on the FTP server after the expected timeliness, have not been included
in the sum to obtain the related SP value.

The SPs value calculated for HO4 does not take into account the timeliness but only the number of
files available (correctly uploaded) on theSAF ftp server.

Concerning the value of the timeliness used to comphe SP results, it has been citlered the
values reported in sectiog 46 & RSTAYSR Aya2 a{!Ckl{! Ck{S{L
minutes (as the estimated average time for uploading data on the EUMETSAT FTP séigenre In

2, it is shown the sequence of events that contribute to the definition of the value of timelii@ss (

TO) and the time range used to compute the SP resdisT(0. More in detail, an NRT product is
O2yaARSNBR a&adzO0SaaTdzZ f &P findNS&SREG B RuEcessiully uplbakled A L.
on the HSAF FTP serwerthin (T2ZTO)time range.
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TIMELINESS

TIMELINESS — 5 min (At used to compute SP results)

At = 5 min
UPLOADING TO UPLOADING TO TIME
H-SAF FTP EUMETSAT FTP
TO T1 T2 T3
Availability of the last input End of product Availability of Availability of product
to start processing generation product on on EUM server
(Satellite data and/or external input) ftp.meteoam.it for the EUMETCast

dissemination

Figure2: Timeliness decomposition

Where:

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

(KIG GKS adAYS GF3é Ay SIFOK FAES yILYS OFyy:

T1is the end of data processing;

T2is the time when the product is completely uploaded on th&AF FTP server (it is extracted
from the FTP logs);

T3is thetime when the product is completely uploaded on the EUMETSAT FTP server.
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The table below shows the monthly detailed performance in the period of interest:

Product 201607 201608 201609 201610 201611 201612
ID Aconym | EP | SP | SR | EP | SP | SR | EP | SP | SR | EP | SP | SR | EP | SP | SR | EP | SP
ne';'\?rlel_ ';F:v(a?i 848 | 832 791 | 776 738 | 724 692 | 663 | 958% | 642 | 642 741 | 728
n:v?lzrﬁl_ Pr?e?vBrsezl_A 4584 | 4577 4810 | 4803 4488 | 4487 4896 | 4877 4566 | 4566 4103 | 4103
HO3A | PROBS3A | 2976 | 2953 2976 | 2957 2880 | 2833 2976 | 2947 2880 | 2868 2976 | 2962
HOSA | PROBSSA | 992 | 987 992 | 991 960 | 948 992 | 991 960 | 960 992 | 992
H15A | PROBSGA | 2976 | 2955 2976 | 2964 2880 | 2830 2976 | 2960 2880 | 2868 2976 | 2975
HO8 | SMOBS2 | 1404 | 1368 1375 | 1375 1342 | 1342 1370 | 1370 1337 | 1337 1337 | 1337
H14 | SMDAS2 | 31 31 31 31 30 29 31 31 30 30 31 29
H16 SS’K'IF?TSSAH 14880 | 14805 14880 | 14847 14400 | 14379 14880 | 14751 14400 | 14365 14880 | 14843
H101 SS'K'IF’:TS(C)M 14880 | 14611 14880 | 14715 14400 | 14351 14880 | 14750 14400 | 14382 14880 | 14762
H102 SS'K'IF’:TSEM 14880 | 14597 14880 | 14710 14400 | 14351 14880 | 14815 14400 | 14345 14880 | 14777
H103 sstngAer 14880 | 14792 14880 | 14842 14400 | 14379 14880 | 14811 14400 | 14363 14880 | 14846
H10 | SNOBsL | 31 30 31 30 30 29 31 30 30 30 31 31
H11 | SNOBS2 | 31 30 31 30 30 29 31 29 30 30 31 31
H12 | SNOBS3 | 31 31 31 31 30 29 31 31 30 30 31 31
H13 | SNOBs4 | 31 31 31 30 30 30 31 31 30 30 31 31

SR TOT % = AVERAGE(SRs ¢ [ 98,8% | [ 99,0% | [ 98,6% | [ 98,8% | [ 99,9% | 99,3%

Tables: Monthly detailed performances
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Figure3 Success rate, montly detailed perfomance (per product)
Success ratemonthly detailed performance (overall)
99 6% 99.8%

070 99,6%

| I | I I
T T T I T T 1

2016-07 2016-08 2016-09 2016-10 2016-11 2016-12

mHO1
new rel.

H HO2A

new rel.

B HO3A

H HO5A

H15A

HHO8

HH14

“H16

T H101

H102

" H103

B H10

BHI11

mH12

B H13



- Doc. No: SAF/HSAF/OpRep/2016_S2
‘ é H SAF OperationsReport Version: 1.2
i e e 2016 S2 Date:07/07/2017
' - Page25/148

Figured: Success ratanonthly detailed performance (ovérall

3.2 Product achiving and dissemination

Central systems dTAF METacilities are receiving products at regular basis. Products are primarily
received from the generation chainstae FTP front end, whichisa22 y t KA A§SY G A Y R
availability of the products.

Operational and preperational roducts are also archived centrally in a qaete-LJS NJ&A 2fRA yG 2 &F °
archive. e H-SAFRarchive is accessible by means of a web based applicate®AF Data Centre"
available athttp://h saf.meteoam.it/downloaebroducts.phpon the HSAF website Thisservice
allows all registered users to place an order and receive the access on required data by dedicatec
FTP server within three business days

3.2.1Product archiving

Product archiving informatimishereprovided Roductswhich have been received at the FTP front
end are considered, as well as the amount of products archived.

¢ KS AYT2NYLI G Startyofpdiibo NI d? thdlidtial @mount of products present at
the front-end andarchive hosts.

Tables below shows the central archive capacity-l{joéf storage area),in terms of amount of

products stored in the archive. A continuous accumulation of product is expected for this storage
area.

Product Start of period Endof semester (31/12/201%
(30/06/2016)

Identifier  [Acronym Amount Sixmonth increase
i PROBSL 89948 94313 4365
HoaR PROBEA 305919 333332 27413

HO3A PROBS3A 288810 306330 17520
HO5A PROBSGA 46158 52027 5869
H15A PROBS6A 16468 34020 17552
HO8 SMOBS&2 108653 116782 8129
H14 SMDAS2 1449 1630 181

H16 SSM ASCAB NRT O 0 87990 87990
H101 SSM ASCAA'NRT O 0 87571 87571
H102 SSM ASCAA'NRT O 0 87595 87595
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Product Start of period Endof semester (31/12/201%
(30/06/2016)
Identifier  [Acronym Amount Sixmonth increaseg

H103 SSM ASCAFNRT O 0 88033 88033

H10 SNOBS1 2644 2824 180

H11 SNOBS2 919 1098 179

H12 SNOBS3 1051 1234 183

H13 SNOB#A 1073 1256 183

Total 932496 1365439 432943

Table6: Central archive capacity

3.2.2FTP dissemination

The accessibility ofhe products via FTP tentralied at CNMCAThe HSAF FTP server was
upgraded to allow more convenient and comfortable access to the ddoay, the access to the
restricted area of the web site and the access to the FTP server are possible using the same accour
Users can alsaccess and download products generated in the last 60 days directly via the web site
without the need of a dedicated FTP cliehttp://hsaf.meteoam.it/downloadproducts.php.The

new H-SAFFTP erver ftp://ftphsaf.metecam.it is accessible to authorized users for product
download.

Tables below shows the FTP fromind capacity (o#ine storage area)in terms of amount of
products present in the archiv@hel @1 At I 6 Af AGe 2F GKS LINE RdxOUSHE
timeframeand number of products disseminated vieSAF FTP service.

Product ; . total size of the
Online availability ) i
— (5L 6 G products produced in daily rate [MB]

Identifier | Acronym - @Irg the last 60 days
HO1 PROBSL 1370 1.5GB 25,60
new rel. new rel.
HO2A PROBS2A 8669 29GB 47,79
new rel. new rel.
HO3A PROBS3A 5830 1.5GB 25,60
HO5A PROBS5A 1952 1.3GB 22,19
H15A PROBS6A 5843 524MB 8,73
HO08 SMOBS2 2674 16.4 GB 273,07



http://hsaf.meteoam.it/download-products.php
ftp://ftphsaf.meteoam.it/
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Product : —— total size of the
Ontline availability . .
— e e products produced in daily rate [MB]
Identifier | Acronym - 0I'p the last 60 days
H14 SMDAS2 59 142MB 2,37
SSM ASCAH
H16 NRT O 29208 2.4 GB 39,25
SSM ASCAYX
H101 NRT O 29144 2.4 GB 39,25
SSM ASCAX
H102 NRT O 29122 8 GB 133,12
SSM ASCAH
H103 NRT O 29209 8 GB 133,12
H10 SNOBS1 61 98 MB 1,63
H11 SNOB&2 61 14MB 0,23
H12 SNOBS3 61 130MB 2,17
H13 SNOB#4 61 13MB 0,22
Table7: FTP fronend capacity
Product H-SAF FTP Dissemination
ID Acronym 201607 201608 | 201609 | 201610 | 201611 201612 TOT
HO1 PROBSL 832 776 724 663 642 728 4365
new rel. new rel.
HO2A PROBS2A 4577 4803 4487 4877 4566 4103 27413
new rel. new rel.
HO3A PROBS3A 2953 2957 2833 2947 2868 2962 17520
HO5A PROBSHA 987 991 948 991 960 992 5869
H15A PROBS6A 2955 2964 2830 2960 2868 2975 17552
HO8 SMOB&2 1368 1375 1342 1370 1337 1337 8129
H14 SMDAS2 31 31 29 31 30 29 181
H16 SS'\SQ_I_SSAB— 14805 14847 14379 14751 14365 14843 87990
H101 SSI\KIIQE((;AA' 14611 14715 14351 14750 14382 14762 87571
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Product H-SAF FTP Dissemination

ID Acronym | 201607 | 201608 | 201609 | 201610 | 201611 | 201612 TOT
H102 SS'\K"QTSSM 14597 14710 14351 14815 14345 14777 87595
H103 SS'K'"_\/?‘TS?B 14792 14842 14379 14811 14363 14846 88033
H10 SNOBS1 30 30 29 30 30 31 180
H11 SNOBS2 30 30 29 29 30 31 179
H12 SNOBS3 31 31 29 31 30 31 183
H13 SNOBS4 31 30 30 31 30 31 183

Table8: Products dissemination via H SAF FTP server (ftphsaf.meteoam.it)

3.2.3EUMET Castissemination

The product dissemination here reported is referred to the amount of products, which have been
successfully uploaded, by theSAF centrdhcilities, to EUMETSAT FTP server for the dissemination
via EUMETCad®leasenote: it is assumed that all products sent to the EUMETSAT FTP server were
actually disseminated via EUMETCast

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

- 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/Q3/20243
disseminationstopped since the 5 of November 2015 becaud¢04 wasdeclared an offine
product on 16" of June2015(following the outcomes of the-SAF CDOP2 ORR1 part5 approved
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 loguenautgonal
from December 2013 and the dissemination via EUMETCast was started at the end of July
Activation of H11 dissemination via EUMETCast has been postponed due-tiesige of the
software to handle the uploading of-SAF products on the EUMETSAP server. This activity,
whose conclusion was scheduled for the beginning of February 2013, has suffered delays that
led to the beginning of the test for disseminating of H11 to July 2013).

- H15 was officially declared as poperational on 18 of June2015 (following the outcomes of
the HSAF CDOP2 ORRL1 part5 apprdweH-SAF Steering Group). The trial dissemination has
been activated on thestof July 2015 with the support of EUMETSAT staff. The announcement
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to the users has been published off & October 2015 and the related starting of the operative
dissemination has been activated on®Zif October 2015 as final step of the trial period.

The dissemination via EUMETCast of soil moisture products H16, H101, H102 and H103 is n
under the direct esponsibility of EUMETSAT and it will not be monitored13AH.

Product EUMETCast Dissemination
ID Acronym | 201607 | 201608 | 201609 | 201610 | 201611 | 201612 TOT
neFJ\?rlel. F;Févoﬁi 832 776 724 663 642 728 4365
nsxzrél. Pr?eOWBrSeZLA 4577 4803 4487 4877 4566 4103 27413
HO3A PROBS3A 2953 2957 2833 2947 2868 2962 17520
HO5A PROBS5A 987 991 948 991 960 992 5869
H15A PROBSBA 2955 2964 2830 2960 2868 2975 17552
HO8 SMOBS2 1368 1375 1342 1370 1337 1337 8129
H14 SMDAS2 31 31 29 31 30 29 181
H10 SNOBS1 30 30 29 30 30 31 180
H11 SNOBS2 30 30 29 29 30 31 179
H12 SNOBS3 31 31 29 31 30 31 183
H13 SNOBS4 31 30 30 31 30 31 183

Table9: Products disseminationa EUMETCast
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Product EUMETCast Dissemination Timeline
D |Acron 2011 2012 2013 2014 2015 2016
O F M AMJ JASOND|J FMAMJI JASOND|JFMAMJ JASOND|J FMAMI JASONDJFMAMI JASONDJ FMAMI JASOND
HO1 | PR-OBS-
HO2 | PR-OBS-
HO1 | PR-OBS-
new rel. | newrel.
HO2A [PR-0BS-2]
new rel. | newrel.
PR-OBS
HO3A A
PR-OBS
HO4A A
PR-OBS
HO5A 5A
HO6 [ PR-ASS-
PR-OBS
H15A 6A
HO8 [SM-OBS-2
H14 [SM-DAS-
H10 [SN-OBS-L
H11 [SN-0BS-2
H12 | SN-OBS-
H13 [SN-OBS-

Figureés: EUMETCast Dissemination Timieligeeen the dissemination period via EUMETCashing the HSAF
operations)

3.2.4Dissemination ordemand (HSAF Data Centre)

On March 2015 the product dissemination-damand has been activadevia a web application
YyEYSR téd 5101 [/ Sy i NB:#hsaf.ni@e&d.d/dodrflo&dprodiicts.phpto all
registered users. This tool provides all basic functions to carry out ordets-SAF historical
archives. The orders placed are submitted for approval and processed within three working days.
Since August 2015, some restrictions to the order requests have been introduced to avoid an
overload of FTP server and to optimize the da@rage (the total amount of data required by a
single user cannot exceed 20 GB per)day

In the overall period since the activation, 241 Orders have been successfully processed with an
average of 10.95 orders per month, for a total amount of downloaded dataore than 1.169 GB
as shown below.

In the period JuRDecember 201665 Orders have been successfully procesa#ti an average of
10.8ordersper month for a totalamountof downloaded data of more thad71GB as shown below
(blue bars)


http://hsaf.meteoam.it/download-products.php
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Figures: Monthly size of ordered data in GEBR Hata centre from the activatioDepeimbe2016 (BLEbars
for the period of interest fro@1-2016 to 3062019.

3.2.5UMARF Catalogue

The infrastructure to operatautomatically the UMARF client and to receive and process orders
from the Data Centre has been designed, implemented and configured and it is currently operating
in the final operational environment at-BAF Central Services. The ordering service is #ueess
from the HSAF Web Portal for all registered usdrsaf.meteoam.i}, the service allows the users

to place orders directly by the-BAF web portal or by accesgithe EUMETSAT data centre. The
administration interface of the orders (accepting/rejecting) is integrated with UMARF client and it
is currently operative at the 3AF Central Servicdséfportal.meteoam.it

Integration activities with UMARF services, stated frorfi 6#April 2014, are in an advanced stage

2F FAYIEATFGA2y® ¢KS RIFIAf@ dzLJRFGS 2F | NOKA D
integrated with the support of EUMETSAT staff and is currently operating at 8&MH Central
Services.

ThewholeH ! C | NODKA @S g a LINRPOSaaSR ISYSNI GAYy3I Gf
1.8GB). The metadata were sent to EUMETSAT the integratiorhmtopierational database is in
progress.

Currently, due to some errors detected for duplication of the injected metadata, the injection has
been temporary suspended waiting for a fixing. Here below a detailed description of the results of
the investigationabout the metadata duplication (ended onf1@eptember 2015):

The HSAF's Central Services infrastructure exploits a scheduled task, running once in a day, tc
generate the UMARF metadata frorASAF archive. This task processes all files (products) grdduc

in a day by the operational chains to generate the corresponding metadata, one for each file. All the
metadata generated are injected, one by one, to UMARF VAL server by means of an UMARF clien
As described in "UMARFSAF Metadata definition” sectidh2.2, some fields inside the metadata

of HSAF products have a constant value. As an example, for HO1 (the following considerations car


file:///C:/Users/rinaldi/AppData/Roaming/CDOP2-OR5/hsaf.meteoam.it
file:///C:/Users/rinaldi/AppData/Roaming/CDOP2-OR5/hsafportal.meteoam.it
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be applied to all FEAF products), we have a constant value of fields GORT, ASTI, GGTP, APNI
AVBA, AVPA, GPLV, AARE), GDMD, GNFV, AATR, AAAR, PPRC, GPMD, QQOV, QQAI and RRC

Other fields are set starting from the characteristics of the specific product, for HO1 these fields are
SNIT, APAS, APNA, PPST, SSBT and SSST. Among the "variable" fields, only this fieliih8dlI T

as a primary key in the structure of UMARF database. The value of the field SNIT is extracted fron
0KS RFEGS O2y il AySR Ay SI OK LINRRdzOGQa FAES yI
may contain the same date in the filenameit liappens, the value of SNIT will be the same for all
metadata related to these different files. In order to prevent the duplication problems injecting
these metadata, related to different file but with the same SNIT value, the SNIT value is reprocessec
by adding a different value of milliseconds for each metadata (following the SNIT definition for H
SAF products). Unfortunately, the milliseconds value is skipped by UMARF DB for the identificatior
of the primary key value, hence the problem of metadatalciation.

An investigation about a feasible solution to fix this issue is in progress and the final activation of
the service is expectesbord { SS GKS NBf I GSR A&aadzS a9! aht pn
{1 CQa LINRPLIR &SR azftfdziazyo

3.3 Anomalies andproblemsreport

Problems encountered at the generation chaorsat central facilitiesare here reported. Emphasis
is put onproblems thathave (or could have) determined an unsuccessful product generation and a
decay of the product quality.

Product/ Period Description and Planned Solution
Chain /
System

Precipitation | from 201607 | Being mandatory MSG SEVIRIv products along the perio
to 201612 were unprocessed due to missing or corrupted input data fileg
machine run failure concatenating HRsegments, or rare loss
signal in DVB station together with HRIT segment losifh
respect to the expected production. It must be indicated that f
HRIT were not delivered at EUMETSAT level

HO3A 19/07/2016 Outage of production dfl03A due to groblem of the generatior
chain

HO2A new | 31/03/2016 Outage of production of H@new rel.due to aproblem toreach
rel. the ftp server where the Eumetcast procedures are locatssue
has been fixed in few hours.
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Product/ Period Description and Planned Solution
Chain /
System
H15A From Intermittent generation oPROBS6A (H15Hue to delay of somg
02/02/2016 to | inputs needed to generate product.
03/02/2016
H16 from 201607 | During the specified period Metep & MetopB data that
NRT Surfac( to 201612 became unavailable, due to alerts or schedul@lanned
Soil Moisture maintenance activity and affected the SSM ASE/EI NRT
product generation are described in the EUMETSAT
notification service:
http://oiswww.eumetsat.int/uns/webapps/index.html?filter=cu
rrentalerts
H14 From Outage of H14 (three products on Feb. and one on Jan.) d
Root zone | 06/02/2016 to | problem on ECMWF dispatching script for product uploading
Soil Moisture| 08/02/2016 the HSAF data store.
And
21/01/2016
H14 Sep 17 Generatio chain problems: Sepl7, Nov-RB@c 5; in the Nov23
Root zone | Nov 23¢ Dec 5| Dec5 event, aroblem occurred in the product chain initializati
Soil Moisture after a restarting on 23 November, the H14 production during
period from 23 November to 05 Decemberas not to be
considered valid. Ae problem was fixed on Dec 7,and
reprocessed data for the related periochs madeavailable
H10 from 201607 | Three files missingdre of the missing files (2016/09/07) is dd
to 201612 to network issues. The other two missing days were due
missingor delayed LSA SAF produced data from Eumetcast
H11 from 201607 | Dates for missing products: 201607€20160811¢ 20160907¢
to 201612 20161006¢c 20161017
H12 from 201607 | One missing file is due to network issues, the same as for
to 201612 above
H12 07/05/2016 |hdzil 3S 2F LINRRdzOGa RdzS G2 L
chain
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Product/
Chain /
System

Period

Description and Planned Solution

HO1

October 2017

During the second week dbctober a partial outage to the
dissemination servicesccured.

As a result some dat got lost and other data wersent to
EUMETCASt of timeliness.

During the due maintenance, we established the root caus
this anomaly, which was corrected with a configuration upda

H-SAF Op.

from
08/09/2016 to
09/09/2016

There have been some delays of products' dissemination (
FTP and EUMETCast) due to some short and temp
interruption of the HSAF FTP servicéhis event did not hav
impact to users since files have been disseminated within
timeliness limits envisaged.

H-SAF Op.

07/09/2016

Some HSAF services (website, FTP dissemination service 4
SAF management portal) have nbeen accessible from th
external network for 5 hours due to some issue on the CO
network (updating of firewall configuration).

H-SAF op.

28/07/2016

Some extraordinary maintenance activities has been carried
on the network for the power supply di#bution. This caused th
temporary shutdown of the FBAF central services with th
consequent loss of some producthi@ise with highegeneration
production ¢ no impacts on products with daily generati
frequency).
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Description and Planned Solution

Issue Dissemination of unknown files (500MB each) o
EUMETCast

Description It has been received from-8AF some unknow
large files sizing around 500MB each. In total and in a short p¢
of time, EUMETSAT OPS received dgisemination through
EUMETCast 3.8GB of files which flooded the EUMETCast E
Channel, heavily affecting other services with Data delay
outages.

Inverstigation Report: The FSAF file distributor (AFD) had
malfunction and it sent a wrong dataseb tevery recipient
defined in the configuration file (not only EUMETCast). A req
of support has been opened to the supplier of the AFD softw
Unfortunately, it was not possible to replicate the problem
investigate its causes and the support requeisl not lead to any
conclusion The AFD configuration has been enhanced so
files, other than those defined in a default set (based on
name), can not be sent to the EUMETSAT server for
EUMETCast dissemination.

== ‘ & HSAF
Product/ Period
Chain /
System
H-SAF Op. | 2015
2015 Open | (new status
Issue CLOSED)
H-SAF Op. | 2015
2015 Open | (newstatus
Issue OPEN)

Issue Ingestion of KSAF products catalogue into UMARF

Description.It is reported an alarm raised by UMARF DB
duplication of injected metadata. This problem affected only
products HO1 and HO5

Inverstigation see H SAF BahiReport of O for the H SAl
proposed solution (for details see also section 3.2.5 of H
hLISNF GA2y I f wSLIR2 NI HnAwmp Fof the
closure of the action, we are waiting for an answer fr
EUMETSAT OPS in order to confirm the fedgibflthe proposed
solution.

TablelQ Anomalies and problems report
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4.1 Interacions for EUMETCaslissemination
EUMETG@&sthas been activated on 2011 for operational products.

Switch to operational statusf products determined interactions for setting up a tydriod of
dissemination a consequent switch to the operational environment at EUMETSAT.

On March and April 2013 h14, hO4A and hO5A respectively have started dissemination switching
from trial to operational environment.

On August 2013 h12 and h13 have started dissemination switching from trial to operational
environment.

On 24" of July 2014, h11 has started dissemination switching from trial to operational/service
environment.

On 2Fof October 2015 the H15A has started dissemination switching from trial to
operational/service environment.

On 8" of November 2015, the dissemination via EUMETCast of HO4A has been stoppethat
date HOA will be dispatched as offline produohly via HSAF FT&erver.

4.2 Interactions for UMARF setuand data exchange

UMAREF service activation has been accomplished on December 2012. Many interactions have bee
held between HSAF Central Services and EUMETSAT.

Integration activities with UMARF services startedAgril 2014 and currently are at an advanced
stage of finalization:

W The data orders process has been completely tested and integrated with the support of
EUMETSAT staff and is currently operating atHFeAF Central ServiceBhe firsttest on the full
order life-cycle has beersuccessfullperformedon December 2014.

W The daily update of archive is currently and temporarily suspended due to some problems
concerning the ingestion of -HAF metadata on the server side of the UMARF validation
environment.It has been agreed with the EUMETSAT staff to postpone the integration after the
fixing of these problemslhefinal activationof the service is expected by Q4 2016

w The whole HSAF archive was processed generating the related archive of metadata 44360
FAESE F mModyD. 0d ¢KS Y StdbeRkegrated intfopatiodabagtabasie.2 9 |
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5 '&aSNBR FTSSRol O]
The current total number of 13AF Users from different sources, eithegistered through the H

SAF Web Portaind downloading productdast 60days)using the HSAF FTP or subscribed to the
EUMETCast service, is reported in the table below.

User Type Number of Users

H-SAF Web / FTP 954 (up to 3¥'Deember2016)
EUMETCast 364 (last update available30" July 201%
UMARF Not yet available.

TablelNumber of ¥BAF Users

In the followingFigure? the diagram of the FEARNeb / FTRJsersincrease is depicted. It can be
noted how theH-SAF Users community has kept increasing on a constant and continuous basis.
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Figure7: Trend of increase in number of wighuserg(data up t®ecember 261
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User description Fealback
Generic user Generic Support
User belonging to the scientific Scientific background
community
User belonging to the scientific Product Quality and Availability
community, involved and/or
interested in product validation
activities

5.1 Userscommunities

In this section the different communities of users withifSAF are described.

Tablel2 User communities feedback

The diagram elow provides an overviewf the distribution by institution oH-SAF Users.

universities/rese private

arch companies
19% 20%

private subjects
5%

public
agencies/services
56%

Figure8: Distribution by institution

Also, it is interesting dimguish users by regional arassers pertaining to the 13AF Area represent
the 84% of the total number of users, the remaining 16% are users from outside $#€ Hreajn
particular the 12% ar&rom outside Europe.
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5.2 Website

Link to the web sitehttp://hsaf.meteocam.it

The following activities have been completetithin 2015and are currently available for-H! CQa

users:

A

A

T

T T

Bug fixing and improvement of management of images and animations of products for a
better usability

' O0A QDI i-fprg RPRNRPRIZOGA 526yf2FR [/ SYGNBET |y
downloading archived products (older than 60 days). By meartsoieb application, each
registered user can quickly make orders oiSAF archived products indifferently via the
EUMESAT Download Centre and directly by tHeAF Web Portal. Orders placed will be
submitted for approval and will be processed within maximthree working days

bSg LINRPOSaa G2 dzLJRFGS GKS aySgae aSOlAzy
Direct access to the mapping tool from theSAF Web Portal for all registered users; a web
application that provides an easy to use tool to displayitherestedprecipitation products

(HO3A HO4AandHO5A on a geereferenced map.

New and safe registration processngleaccount for WEB and F)TP

Browsing of the FBAF FTP server directly frorlSAF WEB Portalithout the need of a
dedicated FTP client

Redesig? T (G KS &! &SNJ 52 Odz¥9yQisaé daaSSONG ARZ2yO®izY! SEyti |
and PVR) is available with just one click from the home page. All documents have been
updated to the latest version available.

Activation of the HSAF service messages, eacknested user will be notified via email.

Adding of a section with the Frequently Asked Questions (FAQS)

Redesign ofthe &Visiting Scientigtsection in ordeto have a simpler and faster navigation
of therelated documentation

Redesign ofthe & / | & SS ¥ & dZRS\@derit@héve a simpler and faster navigation of
the documentation

Redesign ofthe & b S éséction to clearly inform user, highlighting the publication date,
aboutevents, alerts, etc.

Updating for the new soil moisture products H16, H18102, H103.


http://hsaf.meteoam.it/
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6.1 Introduction

This section provides the assessment of the products in terms of product performances against the
Service Specification product quality requirements. Statistics are here showed (text, tables and
diagrans) along 1y 2 Yy 0 K& LISNA 2R ® 2 A0KAY GKA&a LISNRA2R
products validation purposes: it is in the perioddf Octoberg 315t of May.

They are obtained from the outcomes of theSAF continuous validation service. ThecRrigation
Product Validation Group (PPVG) is composed of experts from the National Meteorological and
Hydrological Institutes of Belgium, Bulgaria, Germany, Hungary, Italy, Poland, Slovakia, and Turke
under the coordination of the Italian Civil Protexti Department (DPC). Contributing institutions

are listed inTable 13. Hydrologists, meteorologists, and precipitation ground data experts are
involved in the product validation activities.

Further detailed results of the Quality Assessment are reportéd3iand Appendix 2

6.1.1Commitments
Commitments related to product quality assessment and validation are ifthtin the Service
Specification document; main commitments are:@3A0010, SS/AL-0020, SS/AL-0030.

Note for theproduct HO4

H-SAF Project Team is planning to digmue the product HO4; following this proposal and
according to the related justifications, the FAF Steering Group defined the steps to be performed

to carry forward the discontinuation, among which the fact that "no further operational validation
will be performed for product HO4", and triggered their execution (Action HSAF_CDOP2_SG7_A05)
An announcement to the user community will be made soon to inform about the discontinuation
and about the related justifications/explanatiori3uring the last phase, following its Climatological
characteristics, the HO04 product was declared affline product, since that, no further
improvements, no further maintenance, no further operational validation were performed.

6.2 Precipitation Products Quality Assessment

6.2.1Precipitation Validation Group composition
Institutes involved in the validation activities are listed ie following table:

Country (Acronyms) Institutes
Belgium (BE) IRM
Bulgaria (BG) NIMH
Germany (DE) BfG
Hungary (HU) OMSZ
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Country (Acronyms) Institutes
Italy (IFDPC, FUNIFE) DPC, UniFe
Poland (PL) IMWM
Slovakia (SK) SHMU
Turkey (TU) ITU, METU, TSMS

Table13: Precipitation products validation group (PPVG): countries and institutes

It is noted that, starting from the present Operational Report and validation period, validation has
been performedon flRA 8 O LINR RdzO( & 0 & -SAF ardhifie Ritadéddesult2ad®S NJ
appliedoH{ ! C I NBI LINPRdzOGa 6a! é¢ LINRPRdzOG&U0 P

6.2.2Methods and scores

Since the beginning of the project, the importance of defining a common validation procedure was
clear, in order to make the results obtained by several institutgsgarable and better understand
their meanings. The main steps of this methodology have been identified in collaboration with the
product developers, and with the support of ground data experts. The common validation
methodology is based on ground datadea and rain gauge) comparisons to prodilege statistic
(multi-categorical and continuous) on one year of data. Only the statistical analysis of the product
accuracy is here reported to assess the product requirement compliance.

All the various stepselated to Validation activity were defined, bringing to the development of
specific algorithms dedicated to:

o Quality filtering applied to ground reference:
T wkRINJ 04a5SFAYAGAZ2Y YR AYLbated referégncel |
measurements inthéd{ ! C LINBOALIAGF GA2Y LINRRdzOUO @I
Ghy GKS dppl8rized #andR dmiaf for operational rainfall retrieval in
Y2dzy Gl Ay2dza | NBF&aé¢s =+dzf LIAFYA SO £ dX H
f wkAy 3IFdzASa 6ahy GKS dzy OSNJI | doysirairat A
SAGAYIFIGSEa SAGK NIYAY3IlFdAS 2LISNF GA2Yy T
0 Interpolation techniques of in situ data:
1 GRISO (Pignone et al., 2010) is an improved Kigiagd technique implemented by
the International Centre on Environmigh Monitoring (CIMA Research Foundation).
6{SS Ga¢KS GIftARFGA2Y ASNBAOS 2F (KS Ke&
LINBOALIAGFGA2Y LINRPRdzOG&£ > tdzOF SiG |t o
0 Up-scaling of ground data versus satellite grid (SSMIS, AMSEVIRI);
1 Since tle beginning of the project the PPVG has decided to validate each satellite
product on its native grid in order to evaluate the accuracy of the product as it is
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available to the users, and to avoid remapping and local smoothing (Puca et al.,
2014);
o Evaluaton of Statistical indexes:

T t NBOALMAGIGARZY 0St26 nouHp YY Kbm F2N NI
rainfall products is classified as-n@in. For the measurements above this threshold,
precipitation classes are introduced. Three precipitatidasses are defined for
instantaneous rain rate product3 éblel4), five precipitation classes for cumulated
products Tablel5). ContinuousTable16) and multicategory Table18) statistics
are calculated on seasonal and yearly base.

All the algorithms were implemented inldnigue Common Code (UCC) used by all theipigants
of HSAF validation clustenvith the purpose to generate yearly threference datasets for the
various ground fields

Thanks to a continuous cooperation, the Validation Cluster is able to genefatence datasets
homogeneously derived by gund products provided by the 8 participating countries

In order to assess the instantaneous and cumulated precipitation products for different
precipitation regimes the statistical scores are evaluated for different precipitation classes as
descriptedin Tablel4 and Tablel5, respectively.

Precipitation Class numbe Precipitation Regime Precipitation Rate
0 No rain PR < 0.25 mm/h
1 Light rain 0.25 mm/h¥PR < 1 mm/h
2 Stratiform rain 1 mm/h PR < 10 mm/h
3 Convective rain PRx10 mm/h

Tablel4: Classes for instantaneous rain rate class

Precipitation Class humbe Precipitation Regime Cumulated Rain
0 No rain CR<1mm
1 1 mmMX¥CR <8 mm
2 8 mMmMXCR <32 mm
3 32 mm>XCR < 64 mm
4 64 mMMXXCR < 128 mm
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Tablel15: Classes for cumulated rain class

The impact oflifferent backgroundin the product performances are also taken into account. The
statistical scores are calculated separatelyléond, seaand coast areas

6.2.2.1

Continuous statistics are provided for each month and season of assessment. The main statistica

Continuous statistics

scores are here listed:

Perfect .
Score Acronym | Range Calculation
score
Number of satellite
NS N.A. N.A. N.A.
samples
Number of radar/rain
NR N.A. N.A. N.A.
gauge samples
Mean Error or Bias ME -k G20 ME :%é (sat, - obs,)
k=1
Mean Absolute Error i 1N
MAE n uz2 |0 MAE =Nalsatk - obs |
k=1
Standard Deviation . 1N 3
SD n a2 |o sD =\/ (sat, - obs, - ME)
k=1
. 1 N
MBias 2§ sat,
. N
Multiplicative Bias or MB -k u2|1 MB = 1 N
[o]
or Bias N obs
1
Root Mean Square Error
RMSE ol n G210 RMSE —\/1 3 (sat, - obs, )?
(qr Root Mean Squaré RMSD N 2.1 k k
Difference)
Product  Requirement >
Root Mean S Err¢ PRRMSE i2 |0 -100+ |1 4 524 - obs 8
oot Mean Square Errq n o ua PR - RMSE =100 ﬁgmg
(%) ) '

Tablel6: Continuous statistics scores
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Ly G(GKS (lotSs GKS AYRSE 641 ¢ pdnSaLinScals of theiconinfors
NEFSNBY OSs¢ ANFRD d&G YR F2NJ ljdzZt yiAGASa FNRY

respectively, and are the average rainfall observed respectively by ground and satellite sensors.

6.2.2.2 Multi Categorical statistics

Multi categorical statistics are derived by the following contingency table:

Ground
yes no total
yes hits false alarms | forecast yeS
Satellite no misses correct negativeq forecast no
total observed yes observed no total

Tablel7: Multi-categorical statistics contingency table

where:
1 hit: Satk wand Obgx w
1 miss: Sak<Rn and Obgx w
1 false alarm: miss: Safx wand Obg<Rn

1 correct negative: miss: Sat<Rn and Obg<Rn
Rhist KS GKNBAK2fR 06SG6SSy GKS aGaNIAYE YR ay?2
of 0.25 mm/h forPROBSL, PROBS2A, PROBS 3, RRBHA andl mm forPROBS5A.

The scores evaluated from the contingency table are:

Perfect )
Score Acronym | Range Calculation
score
Probabilit hits hits
: Y POD Oto1l 1 POD =-— . =
Detection hits +misses observedyes
False Al R FAR Oto 1 0 _ falsealarms _ falsealarms
alse Alarm Rate 0 hits +falsealarms forecastyes
Critical  Succes _ hits
CSl Otol 1 CSl=— -
Index hits + misses+falsealarm

Table18: Multi-categorical statisticsscores

a
3
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6.2.3Ground data and tools used for validation

The PPVG uses bathin gaugeandradar data for validation of precipitation products.

The rain gauge networksi composed of approximately 3900 nominal stations across 6 Countries

(seeFigure9).

Figure9: The network of 3900 rain gauges used foiJAF precipitation products validation

A key characteristic of such networks is the distance between eaclyaaige 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 average minimum distance are summaiiabtein

19.

Country Total number of gauges 7 Average minimum distance (km)
Belgium 89** 11.2

Germany 1300 17

ltaly 2600 9.5

Poland 330475 13.3

Turkey 193*** 27
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* the number of rain gauges could vary from day to day due to operational efficiency wit
maximum range of 1:05%.

** only in the Wallonia Region

*** only covering the western part of Anatolia

Table19: Number and density ofain gauges within HSAF validation Group

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

59 Cband radars Figure 10) 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 th&®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 idatial
activities. Please note that the Validation procedure is the same for all countries of PPVG.

Figure1O: The networks of 59-Band radars available in the +5AF PPVG
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6.2.4 Quality assessment for product HO1 nesgl. (PROBS1)
6.2.4.1  Overview

Product ID (Acronym) | HO1 newrel (PROBS1)

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

Algorithm version Latest version: 1.7

nUmber Version considered for Q.A.: 1.7

Covered period 01/06/2015¢ 30/06/2016

Q.A. methods applied | Continuous statistics ME, SD, MAE, MB, RMSE;RNRSE

Multi-categorical POD, FAR, CSI
statistics

Contributing BE, DE, HU, SK, IT, PL, TU
countries

The validation has been performed by IRM, BfG, OMSZ, DPC, Uni. Fe., IMWM, SHMU, ITU, TSN
supervised by DPC. The product release currently in force at the time of writing has been evaluated.
The results are showed in comparison with radar and rain gaatg dver land, sea and coast areas

in three precipitation classes (as definedliable14). The ground rain rates lower than 0.25 mm/h
have been considered as no rain. The validation procedure evaloabgsiquid phase precipitation
gAUK |jdzl £ A & (asGnitateddhe SatelliteépodL@tRself). Similarly, only high quality
ground precipitation has been considered as reference.

6.2.4.2 Validation results

Validation has been performed using rain gauge and radar as reference data in Belgium, Germany
Italy, Hungary, Polan&glovakia and Turkey, for the orear period between June 2015 and May
2016. Each country/team has used the UCC developed by PPVG to evaluate €vAFy H
precipitation products in terms of different statistical scores. For product HO1 new rel., the agcurac
requirements depend by precipitation rate as indicated able20.

Precipitation Threshold Target Optimal
Rate

10 mm/h 90 80 25

1-10 mm/h 120 105 50
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Kovm YY 240 145 90

Table20: Accuracy requirements for product FBBS1 in term of PRRMSE(%).

This implies that the main score to be evaluated has been thRRMMBE% as defined on patand

here after also denoted as accuracy. The monthly trend of accuracy for HO1 new rel. in comparison

with radar over land, sea, coast and rain gauge (over land) observations, are shéigargil in

panel a, b, c and d, respectively. Each color represents a precipitation class as shown in legend: ligl
rain in blue, stratiform rain in green and convective rain in red. The solid lines show the mean PR
RMSE value computed on the full period (12 months) for every precipitation class. Threshold values

are also represented with dotted lines.

-~
T

PR-RMSE (x100%)
©

N

(=] —

%

}
g
————
|
7
—

PR-RMSE (x100%)

w

‘b)‘

o >5<-PR< 1.00mm/mh [ ]1.00<=PR <1000 mm/h [ PR >= 10.00 mm/h

c)
5
g4
(=]
o
X
w3
7]
=
<
g2 i
1 m S N A I
0 ] 111l
o A & Qo A N & >
R RO ,@“q AR .@""’ & ,39"’ R .3,‘?’
A S D S N

PR-RMSE (x100%)

6

-~
T

d)

W
T

Figure11l: HO1 newrel. monthly accuracy for three classes of Precipitation Rate (PR)guRadar over Land (a),
Radar over Sea (b), Radar over coast (c) and Gauge over Land (d) as ground reference

Observing all panels &igurellis posgble to note three general considerations:

1- higher precipitation rates perform better respect to lower rainfall intensities;
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2- aclear seasonal trend is evident, especially on land areas (panels a and d), with better score:
during wintertime;
3- best results ar@btained in comparison with radar over land.

Regarding the results for HO1 new rel. in comparison with radar estimates over land Riga® (
11a),the accuracy is close to the threshold for full period and all precipitation rates: from November
onwards the accuracy matches the product requirements. In detgitgjre A, reported in the
Appendix, shows the results in terms of other considered statistical scores: ME, STD, MAE, MB
RMSE and PRMSE for all rain rates. It might be noticed that HO1 new rel. is mainly characterized
by little overestim#éion during summertime (in particular for rain rates below 10 mntfigure A
andFigure R YR 'y dzy RSNXB & A Y I Fighrg £8). Hb@eder, allstatigticalienrorsy” Y k
tend to reduce from November to April because two factors: this period is mainly characterized by
spatially widespread precipitation (stratifortygpe) and tle satellite estimates are subjected to a
lower underestimation.

Concerning the HO1 new rel. comparison respect to radar overfSgar¢11b), the paformance
seems to show an irregular trend, probably due to the few points collected in this area. However,
the mean accuracy is mostly close to the threshold, better for convective and light rain intensities.

The comparison with radar over coabiqurellc) shows the worse performance for practically all
precipitation classes. As observed previously, best scores are obtained during winter period.

Facusing on the comparison with rain gaugeg(relld), similar conclusions (mainly as noted for
radar over land) can be derived. Worse results are computed for lower precipitation rates during
summertime, whereas the accuracy is below threshold, close to the target, during wintertime. The
peaks of the RMSElues are the result of overestimation in the summer months (which produces
the increase of the numerator in theRRMSE formula In the spring months, however, the ME
approaches to zero (as can be seen in the appehl) that reduces the PRMSE values.

6.2.4.3  Conclusions: Product requirement compliance

The accuracy (PRMSE%) obtained for HO1 new rel. during the analyzed validation period June 2015
- May 2016 with radar (over land, sea and coast areas) and rain gauge data is repdraddiel.

C 2 NJ 10 wmm/k the accuracy evaluated by the PPVG shows good values, being always below to
the target (<80%). The accuracy downgrades for PR greater than 1 mm/h (PC number 2) and 1
mm/h (PC number 3) exeding the threshold within 50%.

Between target an(Between  threshol( Threshold exceedg¢ KNBa K2 f R S
optimal and target by <50 % 50 %

PROBS1 Annual average of PRMSE (%)




Doc. No: SAF/HSAF/OpRep/2016_S2

mt\’:;\ @ HSAF OperationsReport Version: 1.2
e 2016 S2 Date:07/07/2017
B Page50/148
o Requirement (PR RMSE | radar radar radar gauge
Precipitation Class
thresh [target |optimal |(Land) |(S€a) (Coast) |[(Land)
1-10 mm/h 120 105 |50 137 131 160 149
0.25-1 mm/h 240 145 |90 318 297 340 318

Table21: Productrequirement and compliance analysis fproduct HO1 newrel.
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6.2.5 Quality assessment for product HO2B (fEHBS2B)

6.25.1 Overview

Product ID (Acronym) | HO2B (PROBS2B)

Product name Precipitation rate at ground by MW crefismick scanners (with

indication of phase)

Algorithm version Latestversion: 1.0

number

Version considered for Q.A.: 1.0

Covered period 01/06/2015¢ 31/05/2016

Q.A. methods applied | Continuous statisticgy Q.A. methods applied

Multi-categorical POD, FAR, CSI

statistics

Contributing BE, DE, HU, SK, IT, PL, TU
countries

The validation has been performed by IRM, BfG, OMSZ, DPC, Uni. Fe., IMWM, SHMU, ITU, TSN
supervised by DPC. The product release currently in force at the time of writing has been evaluated.
The results are showed in comparison with radar and rain gaatg dver land, sea and coast areas

in three precipitation classes (as definedliable14). The ground rain rates lower than 0.25 mm/h
have been considered as no rain. The validation procedure evaloabgsiquid phase precipitation
gAGK |jdzl £ A & (asGnitateddhe SatelliteépodL@tRself). Similarly, only high quality
ground precipitation has been considered as reference.

6.2.5.2

Validation has been performed using rain gauge and radar as reference data in Belgium, Germany
Italy, Hungary, Polan&glovakia and Turkey, for the owrear period between June 2015 and May
2016. Each country/team has used the Unique Common Code (UCC) developed by PPVG to evalue
every HSAF precipitation products in terms of different statistical scores. For product, H@2B
accuracy requirements depend by precipitation rate as indicatéchlrie22.

Validation results

Precipitation .
Rate Threshold Target Optimal
10 mm/h 90 80 25
1-10 mm/h 120 105 50
X M YY 240 145 90
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Table22: Accuracy requirements for product FBBS2B in term of PRRMSE(%).

This implies that the main score to be evaluated has been thRRMBE% as defined on patand

here after also denoted as accuracy. The monthly trend of accuracy for HO2B in comparison with
radar over land, sea, coast and rain gauge (over land) observations, are shiéigargl2in panel

a, b, c and d respectively. Each color represents a precipitation class as shown in legend: light rail
in blue, stratiform rain in green and convective rain in red. The solid lines show the méRM PR

value computed on the full period (12 months) for every precipitation class. Threshold values are

also represented with dotted lines.

The product has better performance over land ardaigjre12 a and d), whereas mainly over sea
(and coast) the product shows a lower accuracy. There is not a clear seasonal trend, but it is possibl
to observe lower PRMSE% values during the autumn season. As expecteBRR&SE values is
higher for lowest PR.
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Figure12: HO2B annual validation for three classes of Precipitation Rate (PR) using Radar over Land (a), Radar over

Sea (b), Radar over coast (c) and Gauge over Land (d) as ground reference
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6.2.5.3  Conclusions: Product requirement compliance

The accuracy of HO2B for theygar validation period (June 201B4ay 2016) respect to radar and
rain gauge measurements is reportedTiable23.

Values show best performances filre highest precipitation rates (PR M n ¥ Yvkidh dhe
statistical scores are below target for both radar and rain gauge comparison.

¢CKS AYOGSNYSRAFGS LINBOALMAGEFGAZ2Y NIGSE 6OMMXt wr
respect to radar oer land areas. Threshold exceeds within 50% for other comparisons.

The accuracy for PR lower than 1 mm/h is slightly above the threshold within 50% in comparison
with both radar and guage measurements.

In summary, the annual average accuracy of HO2B glgklibest performances for convective
rainfalls. The accuracy decreases with lower precipitation rates. The best agreement is observec
over land areas (mainly respect to radar measurements) for all precipitation regimes.

Between target an(Between threshold Threshold exceedg¢ KNBa K2 f R S

optimal and target by <50 % 50 %
PROBS2B Annual average of PRMSE (%)
Precipitation |Requirement (PR RMSE %)| radar radar radar gauge
Class thresh |target |optimal |(Land) (Sea) (Coast) [(Land)
%10 mm/h 90 80 25 65 66 63 65
1-10 mm/h 120 105 50 104 156 127 122
0.25-1 mm/h|240 145 90 273 345 313 292

Table23: Product requirement and compliance analysis for product HO2B

6.2.5.4 Monthly validation results for HO2B

Monthly trendobtained for six statistical scores (ME, STD, MAE, MB, RMSE-RMISER are shown
below relatively to comparison of HO2B respect to radar over land (green line), sea (blue line), coast
(red line) and rain gauge (black dotted line) for three precipitatt@sses (0.251 mm/h; 1¢ 10
YYKKT % MAn YYKKO FyR F2NJ Fff LINSOALAGIGAZY N
As previously observed, statistical scores over land areas show lower errors, mainly during coldes
months (from September to February).
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0.25<=PR <1 mm/h
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Figurel3 Monthly validation results for HO2B relatively to the precipitation regiéfR&R&25m/h.
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Figurel4 Monthly validation results for HO2B relatively to the precipitation r@gReld mm/h.
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PR >= 10 mm/h
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Figurel5 Monthly validation results for HO2B relatively to the precipitation redib@eriR/h.
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PR >= 0.25 mm/h
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Figurel6 Monthly validation results for HO2B relatively to the precipitation redima5Rm/h.
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6.2.6Quality assessment for product HO3B (FHBS3B)

6.2.6.1 Overview

Product ID (Acronym) | HO3B (PROBS3B)

Product name Precipitation rate at ground by GEO/IR supported by LEO/MW

Latest version: 1.0

Algorithm version
number

Version considered for Q.A.: 1.0

Covered period 01/06/2015¢ 31/05/2016

Q.A. methods applied | Continuous statistics ME, SD, MAE, MB, RMSE;RNRSE

Multi-categorical POD, FAR, CSI

statistics

Contributing BE, DE, HU, IT, PL, SK, TU
countries

The validation has been performed by IRM, BfG, OMSZ, DPC, Uni. Fe., IMWM, SHMU, ITU, TSN
supervised by DPC. The product release currently in force at the time of writing has been evaluated.
The results are showed in comparison with radar and rain gaatg dver land, sea and coast areas

in five precipitation classes (as definedTiable14). The ground rain rates lower than 0.25 mm/h
have been consiled as no rain. Quality for FBBS3B is not available for products used in the
validation period. Only high quality ground precipitation has been considered as reference.

6.2.6.2

Validation has been performed using rain gauge and radar as reference data in Belgium, Germany
Italy, Hungary, Poland, Slovakia and Turkey, for they@ae period between June 2015 and May
2016. Each country/team has used the UCC developed by PPVG ltatevavery HSAF
precipitation products in terms of different statistical scores. For product HO3B, the accuracy
requirements depend by precipitation rate as indicated able24.

Validation results

Precipitation .
Rate Threshold Target Optimal
10 mm/h 90 80 25
1-10 mm/h 120 105 50
KoM YY 240 145 90

Table24: Accuracy requirements for product FBBS3B in term of PHRMSE(%).
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The monthly trend of accuracy for HO3B in comparison with radar over land, sea, coast and rain
gauge (over land) observations, are showhigurel7in panel a, b, c and d respectively. Each color
represents a precipitation class as shown in legend: light rain in blue, stratiform rain in green and
convective rain in red. The solid lines show the meafRRFSE value computed on the full period

(12 montks) for every precipitation class. Threshold values are also represented with dotted lines.

Observing all panels éfigurel? is possible to note a gemnal consideration: it is evident a clear
seasonal trend valid for all types of soil and for almost all precipitation classes. The best
performances are observed in the cold months between October and March when all values are
always below the required teshold. Only during summertime, the threshold is slightly exceeded.
Looking at the different type of soil/instruments, better values are achieved on land areas in
comparison with both radar and rain gauge. Similar results are particularly evident by iolysie
figures shown in the paragraph?2.6.4
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Figurel7 HO3B annual validation for three classes of PrecipiRdtenPR) using Radar over Land (a), Radar over Sea
(b), Radar over coast (c) and Gauge over Land (d) as ground reference
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6.2.6.3  Conclusions: Product requirement compliance

Table25 summarizes the accuracy obtained for HO3B during tyedr validation period analyzed
in comparison with radar and rain gauge data for different types of soil.

For rain rates greater thahO mm/h, the mean accuracy is below thiereshold (90%) for all types
of soil. Only the comparison respect to radar over land exceeds the threshold of less 1% (0.84%).

Satellite estimation of stratiform precipitation reaches accuracy values below threshold for
measurements over land areas. Acacy exceeds threshold within 50% over coast areas, while over
aSt GKS | OOdzN> O AayQli TFdzZte alrdAratl Ouz2NERO®

Lower rain rates (PR<1mm/h) performs similarly as the intermediate precipitation class over land
and coast areas. While, over sea, the accuracy excaetithreshold within 50%.

As previously observed, RBBS3B achieves the better accuracy over land.

Between target an(Between threshol¢ Threshold exceedg Threshold exceede

optimal and target by <50 % 0e X pn iz
PROBS3B Annual average of PRMSHE%)
Precipitation | Requirement (PR RMSE %)| radar radar radar gauge
Class thresh [target |optimal |(Land) (Sea) (Coast) |(Land)
X Mn Y [90 80 25 91 87 89 83
1-10 mm/h 120 105 50 114 184 145 109
0.25-1 mm/h| 240 145 90 223 255 247 222

Table25 Product requirement and compliance analysis for product HO3B

6.2.6.4 Monthly validation results for HO3B

Monthly trend obtained for six statistical scores (ME, STD, MAE, MB, RMSERNtSERare shown
below relatively to comparisoaf HO3B respect to radar over land (green line), sea (blue line), coast
(red line) and rain gauge (black dotted line) for three precipitation classes {Q.25m/h; 1¢ 10
YYKKT % Mn YYKKO YR F2NJ Fft LINBOALMAGEFGAZY N
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The seasonal trendsievident in all panels shown. In particular, the monthly trend of the entire
dataset Figure21) highlights the underestimation present in all sitiseits with a negative average
mean error. The bias is lower for comparison with rain gauge and radar over land.

0.25<=PR <1 mm/h
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Figurel8 Monthly validation results for HO3B relatively to the precipitation regiéR&R&25nm/h.
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Figurel9 Monthly validation results for HO3B relatively to the precipitation r@gReld mm/h.
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Figure2@ Monthly validation results for HO3B relatively to the precipitation redib@eriR/h.
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Figure21 Monthly validation results for HO3B relatively to the precipitation redima5Rm/h.
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6.2.7Quality assessment for product HO5B (EHBS5B)
6.2.7.1  Overview

Product ID (Acronym) | HO5B (PROBSEB)

Product name Accumulated precipitation ajround by blended MW and IR
Algorithm version Latest version: 1.0

number Version considered for Q.A.: 1.0

Covered period 01/06/2015¢ 31/05/2016

Q.A. methods applied | Continuous statistics ME, SD, MAE, MB, RMSE;RNRSE

Multi-categorical POD, FAR, CSI
statistics

Contributing BE, DE, HU, IT, PL, SK, TU
countries

The validation has been performed by IRM, BfG, OMSZ, DPC, Uni. Fe., IMWM, SHMU, ITU, TSN
supervised by DPC. The product release currently in force at the time of writing has been evaluated.
The results are showed in comparison with radar and rain gaatg dver land, sea and coast areas

in four precipitation classes (as definedTiablel5). The ground accumulated rain lower than 1.00
mm have been considered as no rain. Only satellite data with quality greater than 95% were
evaluated. Quality for RRBS5B corresponds to the maber of instantaneous estimates considered
during the accumulation period (3 and 24 hours) respect to the possible total number. Similarly,
only high quality ground precipitation has been considered as reference.

6.2.7.2 Validation results

Validation has been p@armed using rain gauge and radar as reference data in Belgium, Germany,
Italy, Hungary, Poland, Slovakia and Turkey, for they@ae period between June 2015 and May
2016. Each country/team has used the UCC developed by PPVG to evaluate €vAFy H
precpitation products in terms of different statistical scores. For product HO5B, the accuracy
requirements are not depending by precipitation rate but are unique for all accumulated rainfall as
indicated inTable26.

Cumulation time Threshold Target Optimal
3 hours 190 100 45
24 hours 190 100 45

Table26: Accuracy requirements for product FBBS5B in term of PHRMSE(%).
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The monthly trends of accuracy for HO5B accumulated precipitation over 3h are sh&guia22

in panel a, b, ¢ and d, in comparison with observations radar over land, sea, coast and rain gaug
(over land), respectively. Similarly, figure23 is shown the accuracy for daily precipitation from
HOS5B. Every color represents a cumulated precipitation class between 1 and 128 mm, as shown ir
legend. The solid line color magenta shows the meafRISE value computed on the full period

(12 months) forall accumulated rainfall data. Threshold value (190%) is also represented with a
dotted line.

Looking at 3h accumulation intervdtigure22), PROBS5B shows good accuracy values (below
threshold) for all precipitation classes and full period (mainly over land areas). Only the lower
accumulated class {8 mm) exceeds threshold in summertime between May and August. A note for
panel b and c (sea and a&st): a peak in the second class38 mm) in November is evident.
Observing figures 6.3 this peak corresponds to a satellite overestimation that becomes more
pronounced for daily accumulated precipitation. Given the uniqueness of the event, it might be a
ground fault.

Analogous considerations are valid for daily accumulated precipitakayufe23). The seasonal
trend, in this case, is more evident, with better values reached during wintertime.
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6.2.7.3  Conclusions: Product requirement compliance

Table27 summarizes the mean accuracy obtainedHf)bB for the dyear period in comparison with
ground precipitation data. The best performance is obtained for #®@dr accumulation interval,
with all accuracy values below the required threshold.

For the 24hour accumulation interval, the performance$tained are just below the threshold
(F185%) in comparison with radar measurements; only respect to rain gauge data, the accuracy
exceeds the threshold within 50%.

Between target ani Between  threshol( Threshold exceede Threshold exceede

optimal and target by <50 % 0e X pn
PROBS5B Annual average of PRMSE (%)
Cumulation Requirement (RMSE %) |radar radar radar gauge
time thresh |[target |optimal [(Land) |(Sea) (Coast) | (Land)
3 hours 190 100 45 126 125 131 149
24 hours 190 100 45 187 183 183 243

Table27: Product requirement and compliance analysis for HO5B.

6.2.7.4  Monthly validation results for HO5B

Monthly trend obtained for six statistical scores (ME, STD, MAE, MB, RMSERNtSERare shown
below relatively tacomparison of HO5B (3h and 24h accumulation period) respect to radar over land
(green line), sea (blue line), coast (red line) and rain gauge (black dotted line) for accumulated
precipitation above 1 mm. As observed in HO3B, also HO5B tends to underestineatotal
precipitation. This trend is more present in the 3h accumulation interval.
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Figure24 Monthly validation results for HO5B relativelyhitmuB accumulation interval. The data set includes all

precipitation classesg., P 1 mm.
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6.2.8Quality assessment for product H15A (RBS6A)
6.2.8.1 Oveaview

Product ID (Acronym) | H15A (PROBS6A)

Product name Blended SEVIRI Convection area / LEO MW Conwv{
Precipitation

A|gor|thm Version La'[eS'[ VerSiOI‘l: 11

number Version considered for Q.A.: 1.1

Covered period 01/06/2015¢ 31/05/2016

Q.A.methods applied | Continuous statistics ME, SD, MAE, MB, RMSE;RNRSE

Multi-categorical POD, FAR, CSI
statistics

Contributing BE, DE, HU, IT, PL, SK, TU
countries

The validation has been performed by IRM, BfG, OMSZ, DPC, Uni. Fe., IMWM, SHMU, ITU, TSN
supervised by DPC. The product release currently in force at the time of writing has been evaluated.
The results are showed in comparison with radar and rain gaatg dver land, sea and coast areas
in three precipitation classes (as definedliable14). The ground rain rates lower than 0.25 mm/h
have been cornidered as no rain. Quality for RBBS6A is not available for products used during
the validation period. Only high quality ground precipitation has been considered as reference.

6.2.8.2 Validation results

Validation has been performed using rain gauge and radar as reference data in Belgium, Germany
Italy, Hungary, Poland, Slovakia and Turkey, for they@ae period between June 2015 and May
2016. Each country/team has used the UCC developed by PPVG ltatevavery HSAF
precipitation products in terms of different statistical scores. For product H15A, the accuracy
requirements depend by precipitation rate as indicated able28.

Precipitation .
Rate Threshold Target Optimal
10 mm/h 90 80 25
1-10 mm/h 120 105 50
K om YY 240 145 90

Table28: Accuracy requirements for product FBBS6A in term of PRRMSE(%).
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The monthly trend of accuracy for H15A in comparison with radar over land, sea, coast and rain
gauge (over land) observations, are showRigure26in panel a, b, c and d, respectively. Each color
represents a precipitation class as shown in legend. The solid lines show the mBAnIERvalues
computed on the full period (12 months) for every precipitation class. Threshold values are also
representedwith dotted lines.

Score values obtained for every precipitation class are close to relative threshigjdse26). Better
accuracy values are obteed for convective rain rates. However, the monthly accuracy for the lower
precipitation class is not always satisfactory. The better performances, for all precipitation rates, are
reached during the winter season. Looking at the different type of seitliments, better values

are achieved over land areas in comparison with rain gauge.
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Figure26: H15A annual validation for three classes of Precipitation Rate (PR) using Radar over Land (a), Radar over
Sea (b), Radar over coaft) and Gauge over Land (d) as ground reference



OperationsReport
2016_S2

Doc. No: SAF/HSAF/OpRep/2016_S2
Version: 1.2

Date:07/07/2017

Pagei73/148

6.2.8.3  Conclusions: Product requirement compliance

Table29 summarizes the accuracy obtained for H15A during Hyedr validation period analyzed
in comparison with radar and rain gauge data for different types of soil.

For rain rates greater thahO mm/h, the mean accuracy is slightly above the required thré&tho

(99%:-103%).

Also the estimation of precipitation between 1 and 10 mm/h reaches values above the threshold:
accuracy ranges from 126% to 149% exceeding the threshold within 50%.

Lower rain rates (PR<1mm/h) exceeds the threshold within 50% for compavidoradar over land
and sea areas. While, over coast and in comparison with rain gauge, the accuracy is below the

threshold.

In general, PROBS6A achieves the best accuracy in comparison with rain gauge measurements.

optimal

Between target ani

Between threshold Threshold
and target by <50 %

exceedg Threshold exceede
6e X pn

PROBSGA

Annual average of PRMSE (%)

Precipitation

Requirement (PR RMSE %)| radar

radar radar gauge

Class thresh |target |optimal |(Land) (Sea) (Coast) [(Land)
%10 mm/h 90 80 25 102 103 101 99
1-10 mm/h 120 105 50 149 137 126 131
0.25-1 mm/h| 240 145 90 300 244 234 208

Table29: Product requirement and compliance analysis for product H15A
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6.3 Soil MoistureProducts Quality Assessment

6.3.1 Quality assessment for produdiO8(SM-OBS2)
6.3.1.1  Overview

Product ID (Acronym) HO8 (SMOB2)

Product name Smaliscale surface soil moisture by radar scatterometer (1
ASCAT/SAR)

Algorithm version number| Latest version: 1.2
Latest Parameter Databasersion 1.06

(used for downscaling)

Version considered for Q.A.: 1.2

Parameter Database Version for Q.A 1.06

(used for downscaling)

Covered period 01/06/2015¢ 31/05/2016

Q.A. methods applied Methods of comparison| CCRMSDBIAS

6.3.1.2 In situobservations

In situ soil moisture observations fb22stations inAustria, Finland, France, Germahgly, Poland,
RomaniaSpain andSwitzerlandare selected for the validation of the HO8 soil moisture product by
considering the period June 281 May 2016. It is worth noting that most of the data are obtained

from the International Soil Moisture Network hosting facilitytp://www.ipf.tuwien.ac.at/insitu/).

Figure27 shows the location of the employed soil moisture stations whable30summarizes their
main characteristicsNote that, for some of the stations, soil moisture measurements are taken at

several depthsd, 5, 10, 15, 20, ... cm).
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Figure27. Location of in situ stations used for the validation of the HO8 soil moisture producthie stgdions of the
COSMOS network..

ID Network Site Name Latitude | Longitude | Depth (m)
1 COSMOS Derlo 52.1695 23.3693 0.1

2 COSMOS Petzenkirchen 48.14115 15.17028 0.24

3 COSMOS Rietholzbach 47.3805 8.9934 0.15

4 COSMOS Toulouse 43.3848 1.2922 0.2

5 COSMOS Water4Crops_Budrio_IT 44,5711 11.5321 0.1

6 FMI SODO011 67.36187 26.63378 0.05

7 FMI SODO011 67.36187 26.63378 0.1
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ID Network Site Name Latitude | Longitude | Depth (m)
8 FMI SODO011 67.36187 26.63378 0.2
9 FMI SOD011 67.36187 | 26.63378 0.4
10 FMI SOD011 67.36187 | 26.63378 0.8
11 FMI SODO012 67.36179 26.63378 0.1
12 FMI SOD013 67.36195 | 26.63378 0.05
13 FMI SODO013 67.36195 26.63378 0.1
14 IGIK grassland_soil_3 53.63294 22.98151 0.05
15 IGIK grassland_soil_3 53.63294 22.98151 0.1
16 IGIK grassland_soil_3 53.63294 22.98151 0.2
17 IGIK grassland_soil_3 53.63294 22.98151 0.5
18 IGIK grassland_soil_4 53.6319 22.98174 0.05
19 IGIK grassland_soil_4 53.6319 22.98174 0.1
20 IGIK grassland_soil_4 53.6319 22.98174 0.2
21 IGIK grassland_soil_4 53.6319 22.98174 0.5
22 IGIK grassland_soil_5 53.63086 22.98197 0.05
23 IGIK grassland_soil_5 53.63086 22.98197 0.1
24 IGIK grassland_soil_5 53.63086 22.98197 0.2
25 IGIK grassland_soil_5 53.63086 22.98197 0.5
26 IGIK grassland_soil_9 53.63176 22.98 0.05
27 IGIK grassland_soil_9 53.63176 22.98 0.1
28 IGIK grassland_soil_9 53.63176 22.98 0.2
29 IGIK grassland_soil_9 53.63176 22.98 0.5
30 REMEDHUS Canizal 41.1972 -5.35861 0.05
31 REMEDHUS Carretoro 41.26611 -5.37972 0.05
32 REMEDHUS Casa_Periles 41.39508 -5.3201 0.05
33 REMEDHUS Concejo_del_Monte 41.30126 -5.24569 0.05
34 REMEDHUS El_Tomillar 41.35004 -5.48891 0.05
35 REMEDHUS Granja_g 41.3069 -5.35925 0.05
36 REMEDHUS Guarrati 41.2905 -5.43402 0.05
37 REMEDHUS La_Atalaya 41.15011 -5.39621 0.05
38 REMEDHUS La_Cruz_de_Elias 41.28662 -5.29868 0.05
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ID Network Site Name Latitude | Longitude | Depth (m)
39 REMEDHUS Las_Arenas 41.37455 -5.54714 0.05
40 REMEDHUS Las_Bodegas 41.18381 -5.47572 0.05
41 REMEDHUS Las_Brozas 41.44765 -5.35734 0.05
42 REMEDHUS Las_Eritas 41.20843 -5.41224 0.05
43 REMEDHUS Las _Tres_Rayas 41.27611 -5.59056 0.05
44 REMEDHUS Las_Vacas 41.34778 -5.22361 0.05
45 REMEDHUS Llanos_de_la_Boveda 41.35873 -5.32977 0.05
46 REMEDHUS Paredinas 41.45703 -5.40964 0.05
47 REMEDHUS Zamarron 41.2404 -5.54291 0.05
48 RSMN Alexandria 43.97781 25.35286 0.05
49 RSMN Bacles 44.47617 23.1129 0.05
50 RSMN Banloc 45.3829 21.13626 0.05
51 RSMN Barlad 46.23313 27.64438 0.05
52 RSMN Chisineu_Cris 46.51868 21.54177 0.05
53 RSMN Corugea 44.73444 28.34225 0.05
54 RSMN Cotnari 47.3583 26.92546 0.05
55 RSMN Darabani 48.19477 26.57325 0.05
56 RSMN Dej 47.12796 23.89893 0.05
57 RSMN Dumbraveni 46.22786 24.59161 0.05
58 RSMN lasi 47.16315 27.62546 0.05
59 RSMN Oradea 47.0358 21.89612 0.05
60 RSMN Rosiorii_de_Vede 4410711 2497872 0.05
61 RSMN Sannicolau_Mare 46.07156 20.60159 0.05
62 RSMN Satu_Mare 47.72144 22.88737 0.05
63 RSMN Slatina 44.44211 24.35446 0.05
64 RSMN Slobozia 4455278 27.38373 0.05
65 RSMN Tecuci 45.84164 27.40901 0.05
66 TERENO Gevenich 50.9892 6.32355 0.05
67 TERENO Gevenich 50.9892 6.32355 0.05
68 TERENO Merzenhausen 50.9303 6.29747 0.05
69 TERENO Merzenhausen 50.9303 6.29747 0.05
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ID Network Site Name Latitude | Longitude | Depth (m)
70 TERENO Merzenhausen 50.9303 6.29747 0.2
71 TERENO Merzenhausen 50.9303 6.29747 0.2
72 TERENO Merzenhausen 50.9303 6.29747 0.2
73 TERENO Schoeneseiffen 50.5149 6.37559 0.05
74 TERENO Schoeneseiffen 50.5149 6.37559 0.05
75 TERENO Schoeneseiffen 50.5149 6.37559 0.2
76 TERENO Schoeneseiffen 50.5149 6.37559 0.2
77 TERENO Schoeneseiffen 50.5149 6.37559 0.2
78 TERENO Schoeneseiffen 50.5149 6.37559 0.5
79 TERENO Schoeneseiffen 50.5149 6.37559 0.5
80 TERENO Schoeneseiffen 50.5149 6.37559 0.5
81 TERENO Selhausen 50.8691 6.44954 0.05
82 TERENO Selhausen 50.8691 6.44954 0.05
83 TERENO Selhausen 50.8691 6.44954 0.05
84 TERENO Selhausen 50.8691 6.44954 0.2
85 TERENO Selhausen 50.8691 6.44954 0.2
86 TERENO Selhausen 50.8691 6.44954 0.2
87 WEGENERNET 15 46.98299 15.87115 0.3
88 WEGENERNET 19 46.9797 15.94122 0.2
89 WEGENERNET 27 46.97232 15.81499 0.2
90 WEGENERNET 27 46.97232 15.81499 0.3
91 WEGENERNET 34 46.97125 15.94361 0.2
92 WEGENERNET 77 46.93296 15.9071 0.3
93 WEGENERNET 84 46.93427 16.04056 0.2
94 WEGENERNET 85 46.91691 15.78112 0.2
95 UMBRIA Cerbara 43.56 12.38 0.05
96 UMBRIA Cerbara 43.56 12.38 0.15
97 UMBRIA Cerbara 43.56 12.38 0.35
98 UMBRIA Petrelle 43.35 12.17 0.05
99 UMBRIA Petrelle 43.35 12.17 0.15
100 | UMBRIA Petrelle 43.35 12.17 0.35
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ID Network Site Name Latitude | Longitude | Depth (m)
101 | UMBRIA TorreOlmo 43.32 12.70 0.05
102 | UMBRIA TorreOlmo 43.32 12.70 0.15
103 | UMBRIA TorreOlmo 43.32 12.70 0.35
104 | SMOSMANIA Sabres 44.15 -0.85 0.05
105 | SMOSMANIA Urgons 43.64 -0.44 0.05
106 | SMOSMANIA Creon 43.99 -0.05 0.05
107 | SMOSMANIA Peyrusse 43.67 0.22 0.05
108 | SMOSMANIA Condom 43.97 0.34 0.05
109 | SMOSMANIA Lahas 43.55 0.89 0.05
110 | SMOSMANIA Savenes 43.83 1.18 0.05
111 | SMOSMANIA Montaut 43.19 1.64 0.05
112 | SMOSMANIA St Felix 43.44 1.88 0.05
113 | SMOSMANIA Mouthoumet 42 .96 2.53 0.05
114 | SMOSMANIA Lezignan 43.17 2.73 0.05
115 | SMOSMANIA Prades 43.72 3.86 0.05
116 | SMOSMANIA La Grand Combe 44.24 4.01 0.05
117 | SMOSMANIA Mazan Abbaye 44.73 4.08 0.05
118 | SMOSMANIA Villevieille 43.80 4.09 0.05
119 | SMOSMANIA Barnas 44.67 4.16 0.05
120 | SMOSMANIA Mejannes 44.22 4.34 0.05
121 | SMOSMANIA Berzeme 44.63 4.57 0.05
122 | SMOSMANIA Cabrieres 43.88 5.16 0.05

Table3Q Main information of the soil moisture stations used for the validation of the HO8 soil moisture product.

6.3.1.3 Modelled data

A further validation of the HO8 product is carried out through a comparison with modelled data
deriving from hydrological and meteorological models. In particulao, models applied intwo
different countries areonsideredthe hydrological model SCHEMEONe basin in Belgiumand the
numerical weather prediction model MM5 for the whole Turk®lare details of the two modelling
approaches can be found in the Hydrological Validation Report. This comparison is carried out only

to provide a wider assessmeiff the product, also in relation to its use for hydrological and
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meteorological applications. However, it will be not used for the verification of the product

requirements.

6.3.1.4  Method of comparison
The performance metrics used for the evaluation of the acouraicthe HO8 product are the

correlation coefficient, CC, the Root Mean Square Difference, RMSD, and the BIAS or mean errc
(satellite minus in situ), BIAS. The HO8 soil moisture product is an index between 0 and 1 while ir
situ measurements of soil moigtl are usually expressed in*mr3. Therefore, accordingly to the
product validation reports, the in situ observations are converted between 0 and 1 by linearly
rescaling for the maximum and minimum valués. the rescaling is carried out by considering 1
year dataset, it could be that the full 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,ighéie score to be used for the
assessment of thproduct requirementsThen, the comparison with the HO8 product is carried out

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

6.3.1.5 Results for in situ observations

The validation with in situ obseations is subdivided by sensor depth as the direct comparison
between satellite and in situ observations makes sense only for sensors located close to the surface
(<10 cm). However, as measurements are also available for deeper layers, the comparisotihalso
these data sets is reported for sake of completeness. All the performance scores, also subdividec

for the different seasons for CC, are reported able33.

In Figure 2he Correlation Coefficient, CC, between in situ sensors at depth lower than 10 cm and
satellite data for the whole period, and subdivided by seasons is shown. For sake of visualization.
the data are grouped by networkigure29 shows the same comparison for the sensors at depth
210 cm. In the figures, the product requirements are also reported, i.e., threshold accuracy = 0.50,
target accuracy = 0.65, and apial accuracy = 0.8@y analysingn Figure28 and Figure29, lower
performances are obtained for the validation in Finland (FMI), Poland (IGIK) and Austria
(WEGERNET). In these regions, the presence of snow and frozen soils has a significant impact on t
soil moisture retrieval and, hence, a lower accuracy is expected. Thefpezds are masked out

with an improved analysis with respect to previous Operational Review. Indeed, reliable
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performances are also found for in situ sensors located at high latitudes, that previously were

discarded.

By comparing the prescribed requiremts with the obtained results for the surface in situ sensors
(depth <10 cm), it is found that 45%, 18% and 0% of data overcomes the threshold, target and

optimal requirements, respectively.

To summarize the results of the comparison of satellite andtinabservations;Table31 reports
the median CC for the in situ sensors by considering the whole period and the different seasons.
Therefore, the median CC for the in situ stations at degf cm is equal to 6894, with a value

close to the Target requirement.

JJA SON DJF MAM ALL
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Figure28 Box plot of the correlation coefficient, CC, between HO8 and in situ observations for the sensors at depth <10
subdivided by country and by season (JJA: JuheAug, N: Septemb&dctobeiNovember, DJF: Decemianuary
February, MAM: MarélpritMay, ALL: whole period/all datdde thresholds for CC are also shown.
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Figure29 As Figure28for the sensors at depthl0 cm.
HO8 June 203.- May 2016 - In situ observations
Requirement (CC)
Median Correlatio Coefficient (CC)
Threshold Target Optimal
_ Sites Sites
Period
(Depth<10cm)| (Depth2 10cm)
JJA 0.460 0.403
0.50 0.65| 080 SON 0.660 0.570
DJF 0.644 0.540
MAM 0.495 0.529
June 205 - May 2016 0.594 0.468

Table31 Median Correlation Coefficient (CC) for the comparison between the HO8 product abseirvattans.

6.3.1.6 Results for modelled data
For sake of completeness, the same analysis is also carried out by using modelled data and th

summary results are reported ifable32 subdivide by model/country



o Doc. No: SAF/HSAF/OpRep/2016_S2
‘ e H SAF OperationsReport Version: 1.2
g 2016 S2 Date:07/07/2017
' B Page83/148

HO8 June 203.- May 2016 - Modelled data
Requirement (CC)
Median Correlation Coefficient (CC)
Threshold Target Optimal
: SCHEME ISBA
Period
Belgium Bulgaria

JJA 0.09 0.24
0.50 065 | 0.80 SON 0.64 0.40
DJF 0.07 -0.20
MAM 0.68 0.27
June 205 - May 2016 0.51 0.35

Table32 Median Correlation Coefficient (CC) for the comparison between the HO8 product and modelled data.

6.3.1.7  Detailed results of the comparison between the HO8 product and in situ observations

ID | Network Site name Dept CcC CC CcC CcC CC | RMSD | BIAS | N
hm) 338 | son | por | mam | A | []

1 COSMOS Derlo 0.10 0.46 0.75 0.46 0.53 0.67 0.078 0.053 | 141
2 COSMOS Petzenkirchen 0.24 0.51 0.49 0.65 0.49 0.46 0.028 0.006 | 339
3 COSMOS Rietholzbach 0.15 0.58 0.48 0.50 0.40 0.42 0.076 0.034 | 363
4 COSMOS Toulouse 0.20 0.24 -0.04 | 0.22 0.47 0.58 0.070 -0.019 | 271
5 COSMOS Water4Crops 0.10 0.76 0.85 0.73 0.75 0.61 0.040 0.012 | 380
6 FMI SODO011 0.05 0.66 0.65 NaN 0.78 0.60 0.089 0.080 | 560
7 FMI SODO011 0.10 0.57 0.49 NaN 0.80 0.50 0.049 0.042 | 560
8 FMI SODO011 0.20 0.48 0.24 NaN 0.75 0.51 0.029 0.027 | 560
9 FMI SODO011 0.40 0.35 0.14 NaN 0.79 0.47 0.030 0.027 | 560
10 FMI SODO011 0.80 0.21 -0.21 | NaN 0.70 0.33 0.036 0.033 | 560
11 FMI SOD012 0.10 0.50 0.60 NaN 0.49 0.59 0.037 0.021 | 560
12 FMI SODO013 0.05 0.62 0.64 NaN 0.66 0.53 0.127 0.116 | 560
13 FMI SODO013 0.10 0.44 0.52 NaN 0.57 0.22 0.082 0.071 | 560
14 IGIK grassland_soil_3 0.05 0.00 0.73 NaN 0.42 0.23 0.180 0.100 | 322
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ID | Network Site name Dept CcC CC CcC CC CC | RMSD | BIAS | N
h(m) ™ 35a | son | por | mam | A | []
15 IGIK grassland_soil_3 0.10 0.03 0.69 NaN 0.50 0.33 0.146 0.053 | 322
16 IGIK grassland_soil_3 0.20 0.14 0.71 NaN 0.54 0.35 0.125 -0.001 | 322
17 IGIK grassland_soil_3 0.50 0.18 0.69 NaN 0.34 0.30 0.068 -0.007 | 322
18 IGIK grassland_soil_4 0.05 0.42 0.64 NaN 0.59 0.64 0.180 0.068 | 240
19 IGIK grassland_soil_4 0.10 0.73 0.60 NaN 0.62 0.60 0.175 0.059 | 240
20 IGIK grassland_soil_4 0.20 -0.32 | 0.62 NaN 0.60 0.62 0.117 0.015 | 240
21 IGIK grassland_soil_4 0.50 -0.48 | 0.25 NaN 0.22 0.25 0.086 -0.011 | 240
22 IGIK grassland_soil_5 0.05 0.08 0.75 NaN 0.50 0.28 0.169 0.056 | 322
23 IGIK grassland_soil_5 0.10 -0.11 | 0.63 NaN 0.53 0.10 0.212 0.091 | 322
24 IGIK grassland_soil_5 0.20 0.02 0.54 NaN 0.38 0.05 0.176 0.026 | 322
25 IGIK grassland_soil_5 0.50 0.08 0.57 NaN 0.10 0.20 0.039 -0.008 | 322
26 IGIK grassland_soil_9 0.05 0.53 0.76 NaN 0.59 0.76 0.165 0.086 | 240
27 IGIK grassland_soil_9 0.10 0.09 0.62 NaN 0.63 0.62 0.160 0.051 | 240
28 IGIK grassland_soil_9 0.20 -0.14 | 0.52 NaN 0.51 0.52 0.113 -0.016 | 240
29 IGIK grassland_soil_9 0.50 0.00 0.50 NaN 0.12 0.50 0.042 -0.003 | 240
30 REMEDHUS Canizal 0.05 0.46 0.65 0.68 0.00 0.50 0.052 -0.011 | 225
31 REMEDHUS Carretoro 0.05 0.24 0.58 0.33 -0.08 | 0.55 0.024 -0.001 | 224
32 REMEDHUS Casa_Periles 0.05 0.25 0.55 -0.30 | 0.07 0.44 0.039 0.007 | 222
33 REMEDHUS Concejo_del_Monte| 0.05 -0.15 | 0.63 0.48 0.00 0.45 0.056 -0.023 | 225
34 REMEDHUS El_Tomillar 0.05 0.60 0.58 0.70 -0.20 | 0.44 0.023 0.007 | 195
35 REMEDHUS Granja_g 0.05 0.71 0.74 0.43 -0.08 | 0.65 0.046 0.002 | 225
36 REMEDHUS Guarrati 0.05 0.26 0.61 0.03 -0.07 | 0.40 0.083 -0.006 | 219
37 REMEDHUS La_Atalaya 0.05 0.44 0.69 0.80 -0.07 | 0.59 0.053 0.002 | 220
38 REMEDHUS La_Cruz_de_Elias | 0.05 0.23 0.65 0.63 -0.04 | 0.583 0.050 -0.014 | 222
39 REMEDHUS Las_Arenas 0.05 0.03 0.73 0.49 -0.19 | 0.58 0.052 -0.007 | 218
40 REMEDHUS Las_Bodegas 0.05 0.45 0.74 0.80 -0.21 | 0.58 0.071 0.009 | 215
41 REMEDHUS Las_Brozas 0.05 0.57 0.65 0.26 -0.07 | 0.61 0.025 -0.009 | 222
42 REMEDHUS Las_Eritas 0.05 0.49 0.68 0.66 -0.01 | 0.57 0.064 -0.011 | 220
43 REMEDHUS Las_Tres_Rayas 0.05 0.39 0.66 0.44 -0.26 | 0.60 0.049 -0.015 | 196
44 REMEDHUS Las_Vacas 0.05 -0.09 | 0.63 0.65 -0.08 | 0.51 0.043 -0.001 | 228
45 REMEDHUS Llanos_de_la_Bove| 0.05 0.26 0.59 0.16 0.01 0.38 0.063 0.008 | 227
da
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ID | Network Site name Dept CcC CC CcC CC CC | RMSD | BIAS | N
h(m) ™ 35a | son | por | mam | A | []

46 REMEDHUS Paredinas 0.05 0.59 0.77 0.80 -0.42 | 0.76 0.018 0.010 | 144
47 REMEDHUS Zamarron 0.05 0.38 0.75 0.78 -0.25 | 0.66 0.031 0.002 | 216
48 RSMN Alexandria 0.05 0.74 0.82 0.02 0.11 0.62 0.056 0.029 | 377
49 RSMN Bacles 0.05 0.50 0.89 0.81 0.68 0.78 0.037 0.000 | 374
50 RSMN Banloc 0.05 0.77 0.71 0.77 0.35 0.64 0.105 0.068 | 394
51 RSMN Barlad 0.05 0.53 0.77 0.66 0.40 0.68 0.030 0.004 | 376
52 RSMN Chisineu_Cris 0.05 0.76 0.81 0.82 0.84 0.73 0.053 0.021 | 358
53 RSMN Corugea 0.05 0.17 0.76 0.59 -0.03 | 0.61 0.042 0.014 | 317
54 RSMN Cotnari 0.05 0.73 0.59 0.83 0.47 0.49 0.041 -0.007 | 376
55 RSMN Darabani 0.05 0.36 0.27 0.83 0.65 0.35 0.034 0.016 | 359
56 RSMN Dej 0.05 0.38 0.68 0.77 0.66 0.56 0.077 0.027 | 231
57 RSMN Dumbraveni 0.05 0.58 NaN 0.75 0.18 0.60 0.051 0.033 | 253
58 RSMN lasi 0.05 0.77 0.60 0.80 0.25 0.49 0.042 0.013 | 376
59 RSMN Oradea 0.05 0.73 0.75 0.74 0.70 0.78 0.065 0.046 | 307
60 RSMN Rosiorii_de_Vede | 0.05 0.56 0.66 0.44 0.46 0.48 0.056 0.032 | 391
61 RSMN Sannicolau_Mare | 0.05 0.57 0.83 0.86 0.81 0.77 0.032 -0.001 | 370
62 RSMN Satu_Mare 0.05 0.76 0.77 0.94 0.32 0.57 0.040 0.010 | 405
63 RSMN Slatina 0.05 0.52 0.80 0.72 0.65 0.71 0.035 0.000 | 378
64 RSMN Slobozia 0.05 0.67 0.47 0.66 0.75 0.46 0.112 0.089 | 358
65 RSMN Tecuci 0.05 0.57 0.67 0.66 0.47 0.63 0.025 0.003 | 358
66 TERENO Gevenich 0.05 0.50 0.40 0.11 0.60 0.51 0.070 0.023 | 437
67 TERENO Gevenich 0.05 0.48 0.68 0.48 0.67 0.57 0.075 0.031 | 437
68 TERENO Merzenhausen 0.05 0.44 0.69 0.62 0.61 0.66 0.048 0.017 | 448
69 TERENO Merzenhausen 0.05 0.50 0.75 0.67 0.68 0.74 0.052 -0.002 | 448
70 TERENO Merzenhausen 0.20 0.41 0.48 0.37 0.39 0.48 0.040 0.008 | 448
71 TERENO Merzenhausen 0.20 0.50 0.79 0.55 0.67 0.76 0.046 0.008 | 448
72 TERENO Merzenhausen 0.20 0.41 0.58 0.42 0.40 0.51 0.034 0.009 | 448
73 | TERENO Schoeneseiffen 0.05 0.44 0.63 0.33 0.59 0.61 0.072 -0.036 | 437
74 TERENO Schoeneseiffen 0.05 0.46 0.70 -0.02 | 0.56 0.61 0.085 -0.047 | 437
75 TERENO Schoeneseiffen 0.20 0.40 0.73 0.52 0.60 0.59 0.025 0.005 | 437
76 | TERENO Schoeneseiffen 0.20 0.37 0.71 0.53 0.48 0.47 0.050 -0.026 | 437
77 | TERENO Schoeneseiffen 0.20 0.36 0.74 0.54 0.53 0.49 0.042 -0.020 | 437
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ID | Network Site name Dept CcC CC CcC CC CC | RMSD | BIAS | N
h(m " 3a | son | por | mam | A | [-]

78 TERENO Schoeneseiffen 0.50 0.40 0.71 0.53 0.49 0.55 0.043 0.029 | 437
79 TERENO Schoeneseiffen 0.50 0.29 0.71 0.52 0.49 0.38 0.016 -0.004 | 437
80 TERENO Schoeneseiffen 0.50 0.38 0.70 0.52 0.45 0.51 0.071 0.051 | 437
81 TERENO Selhausen 0.05 0.43 0.64 0.61 0.62 0.53 0.061 0.037 | 357
82 TERENO Selhausen 0.05 0.42 0.58 0.49 0.69 0.56 0.067 0.033 | 357
83 TERENO Selhausen 0.05 0.46 0.66 0.61 0.70 0.60 0.084 0.058 | 357
84 TERENO Selhausen 0.20 0.35 0.50 0.27 0.49 0.42 0.049 0.020 | 357
85 TERENO Selhausen 0.20 0.38 0.43 0.33 0.54 0.45 0.067 0.035 | 357
86 TERENO Selhausen 0.20 0.36 0.39 0.19 0.54 0.41 0.049 0.025 | 357
87 WEGENERNET | 15 0.30 0.65 0.57 0.50 0.69 0.55 0.083 -0.026 | 381
88 WEGENERNET | 19 0.20 0.62 0.57 0.62 0.68 0.50 0.036 0.002 | 380
89 WEGENERNET | 27 0.20 0.50 0.51 0.62 0.65 0.31 0.026 0.009 | 375
90 WEGENERNET | 27 0.30 0.25 0.40 0.56 0.62 0.07 0.071 0.007 | 349
91 WEGENERNET | 34 0.20 0.60 0.52 0.67 0.71 0.26 0.028 0.006 | 381
92 WEGENERNET | 77 0.30 0.59 0.50 0.59 0.72 0.47 0.069 0.019 | 382
93 WEGENERNET | 84 0.20 0.48 0.59 0.64 0.73 0.41 0.071 -0.006 | 381
94 WEGENERNET | 85 0.20 0.37 0.70 0.57 0.76 0.35 0.047 0.026 | 376
95 UMBRIA Cerbara 0.05 0.45 0.40 0.53 0.27 0.47 0.047 0.004 | 380
96 UMBRIA Cerbara 0.15 0.45 0.26 0.56 0.43 0.41 0.059 0.001 | 380
97 UMBRIA Cerbara 0.35 0.45 0.30 0.61 0.37 0.38 0.061 0.035 | 380
98 UMBRIA Petrelle 0.05 0.43 0.57 0.54 0.48 0.54 0.094 0.051 | 379
99 UMBRIA Petrelle 0.15 0.43 0.54 0.54 0.57 0.53 0.095 0.043 | 379
100 | UMBRIA Petrelle 035 |042 |044 |043 |051 |044 |0.142 0.103 | 379
101 | UMBRIA TorreOlmo 0.05 0.53 0.67 0.73 0.48 0.61 0.064 -0.024 | 366
102 | UMBRIA TorreOlmo 0.15 0.43 0.61 0.54 0.48 0.63 0.024 -0.017 | 366
103 | UMBRIA TorreOlmo 0.35 0.39 0.65 0.61 0.44 0.66 0.115 -0.068 | 366
104 | SMOSMANIA Sabres 0.05 0.36 0.71 0.91 0.68 0.78 0.047 0.097 | 310
105 | SMOSMANIA Urgons 0.05 0.52 0.69 0.48 0.72 0.68 0.090 -0.139 | 217
106 | SMOSMANIA Creon 0.05 0.24 0.56 0.82 0.56 0.64 0.059 0.178 | 283
107 | SMOSMANIA Peyrusse 0.05 0.68 0.58 0.76 0.68 0.74 0.035 0.033 | 314
108 | SMOSMANIA Condom 0.05 0.44 0.54 0.41 0.61 0.61 0.046 0.068 | 315
109 | SMOSMANIA Lahas 0.05 0.68 0.75 0.75 0.66 0.60 0.064 -0.012 | 301
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ID | Network Site name Dept CcC CC CcC CC CC | RMSD | BIAS | N
h(m " 3a | son | por | mam | A | [-]
110 | SMOSMANIA Savenes 0.05 0.62 0.11 0.74 0.70 0.38 0.105 0.171 | 314
111 | SMOSMANIA Montaut 0.05 0.54 0.65 0.63 0.72 0.56 0.074 0.009 | 316
112 | SMOSMANIA St Felix 0.05 0.66 0.69 0.84 0.66 0.67 0.055 -0.048 | 285
113 | SMOSMANIA Mouthoumet 0.05 0.24 0.41 0.60 0.59 0.51 0.055 -0.075 | 295
114 | SMOSMANIA Lezignan 0.05 0.54 0.45 0.62 0.67 0.63 0.046 0.138 | 302
115 | SMOSMANIA Prades 0.05 0.18 0.60 0.16 0.23 0.43 0.100 -0.015 | 253
116 | SMOSMANIA La Grand Combe 0.05 0.12 0.68 0.68 0.57 0.65 0.099 0.273 | 299
117 | SMOSMANIA Mazan Abbaye 005 |022 |048 |0.18 | Nan 0.36 | 0.159 0.335 | 188
118 | SMOSMANIA Villevieille 0.05 0.56 0.64 0.36 0.11 0.48 0.078 -0.083 | 315
119 | SMOSMANIA Barnas 0.05 0.19 0.66 Nan 0.50 0.31 0.056 0.110 | 189
120 | SMOSMANIA Mejannes 0.05 |057 |0.78 | Nan Nan 0.65 | 0.082 0.104 | 141
121 | SMOSMANIA Berzeme 0.05 0.44 0.67 0.64 0.54 0.67 0.094 0.185 | 329
122 | SMOSMANIA Cabrieres 0.05 0.22 0.55 0.50 0.17 0.34 0.106 0.181 | 303

Table33Detailed results of the comparison between the HO8 product and in situ observations (CC: correlation coefficie

RMSD: Root Mean Square Difference, BIAS: mean error, N: sample size, NaN: data not availaidlelydg, JBON:
SeptembeOctobeiNovenber, DJF: DecembianuaryFebruary, MAM: MarélpritMay, ALL: whole period/all data).

6.3.1.8

Conclusions

In this report, the validation of the HO8 soil moisture product through in situ data is carried out for
the period June 2015 May 2016. As mentioned above, only the comparison with in situ
observations at depth lower than 10 cm is appropriate, as therldgpth sensed by the satellite
sensor is equal to ~2.5 cm. Therefore, even though also the comparison with sensors a H&pth
cm, and with modelled data, is reported here, the conclusions about the product accuracy should

be drawn only considering the8Gsensors at depth <10 ciigble30 and Figure28).

On this basis, it is obitaed that the HO8 product overcomes the threshold accuracy requirements
for 45% of the stations18% of the stations overcomes the target accuracy requirementd~{geee

2). The median Correlation Coefficient (CC) for the whole period (June- R0y 20L6) is equal to
0.594 (Table31). By considering the-Bhonth periods, the higher values are obtained in the SON
period (CC=0.660) and the lower in the JJA period (CC=0.440).
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6.3.2 Quality Assessment for produdi1l4(SM-DAS?2)
6.3.2.1  Owerview

Product ID (Acronym) H14 (SMDAS2)

Soil moisture profile index in the roots region retrieved by surf

Product name L
wetness scatterometer assimilations method

Latest version: 41r2
Algorithm version number

Version considered for Q.A.: | 41r2

Covered period 01/06/2015 ¢ 31/05/2016

Q.A. methods applied Main Score | RMSD, ME, SD, CC

6.3.2.2 Introduction

The global scale root zone soil moisture index product based on ASCAT soil moisture date
assimilation is developed by ECMWF delivered to ZAMGdasgminated to EUMETSAT. The
product name is H14 according to the SAFs products names terminology; it is also referred to as SM
DAS2 internally to the HSAF. H14 became operational in July 2012. This section collects the results
of the validation for prduct H14 / SMDAS2 based on comparisons with reference data sets, which
are in situ data and Land Surfadedel outputs for the June 2016 May 205 period.

6.3.2.3 Validation methodology

The high spatial variability of in situ SM used for validation as webMsdata set specific
characteristics suggests that the Correlation Coefficient (CC) should be the main score to be
evaluated (Entekhabi et al., 2010; Brocca et al., 2011).

Several authors have demonstrated that local measurements could be used to vatidalel

output as well as remotelgensed soil moisture (SM) at a different scale (e.g. Albergel et al, 2009,
2010; Rudiger et al., 2009; Brocca et al., 2010a; 2011). However, spatial variability of SM is very hig
and can vary from centimetres to metres. eBipitation, evapotranspiration, soil texture,
topography, vegetation and land use could either enhance or reduce the spatial variability of soil
moisture depending on how it is distributed and combined with other factors (Famiglietti et al.,
2008; Broccat al., 2010b, 2012). Differences in soil properties could imply important variations in
the mean and variance of soil moisture, even over small distances. Each soil moisture data set i
characterized by its specific mean value, variability and dynansicger Saleem and Salvucci (2002)
and Koster et al. (2009, 2011) suggested that the true information content of modelled soil moisture
does not necessarily rely on their absolute magnitudes but instead on their time variation. The latter
represents the timeantegrated impacts of antecedent meteorological forcing on the hydrological
state of the soil system within the model.
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This implies that the main score to be evaluated is the Correlation Coefficient (S@portive
scores are: the Root Mean Square Difference (RMSD), Mean Error (or bias, ME), and the Standat
Deviation (SD). The Correlation Coefficient should be applied to normalisedgéines (H14 is an
index) as well as to monthly anomalies time seri€ases with significant level of correlations
(pvalue < 0.05) are considered only. Also, a period of one year has to be considered for the
evaluation.

Table34 presents the Product Bquirementsrelated to CC

Unit Threshold Target Optimal

Dimensionless 0.50 0.65 0.80

Table34 Accuracy requirements for productBAB2 [CC]

6.3.2.4 Data preparation and metrics

SMDAS2 is an index between 0 andahile in situ measurements of soil moisture are ifnm?. To

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 any abnormal outliers due to instrument
noise using the following equations (as in Rudiger et al., 2009; Albergel et al., 2010):

Int* (insitu) = 77{insitu) + 1.64s (insitu)

Int” (insitu) = rfinsitu) - 1.64s (insitu)
Where Int+ and Intare the upper and lower 90% limits of the confidence interval, a period of one
year is required fotheir calculation. Then a new in situ soil moisture data set is obtained using:

SM = SM- Int’
Int* - Int

SM stands for Soil Moisture. It is assumed that H14 /{L5\82 data set do not have such outliers

problem and is rescaled using the maximum and the mimmvalues of each individual times series

considering the whole June 2013 to May 2014 period.

The comparison between the observation data and the H14[3A82 product needs to be
performed, gaining the following statistical scores:

Mean Error ME) or Bias;

Standard DeviationSD);

Correlation Coefficiat (CQ;

Root Mean Square DifferenceRNMISD, In situ data contain errors (instrumental and
NELINSASY Gl GA@GSySaaos a2 GKS& NB y2i0 O2yaai
by using the RMBifference terminology instead of RMS Error

o To To I



- Doc. No: SAF/HSAF/OpRep/2016_S2
- é H SAF OperationsReport Version: 1.2
i e e 2016 S2 Date:07/07/2017
' - Page90/148

A p-value, a measure of the correlation significance should be calculated as well. It indicates the
significance of the test, the 95% confidence interval should be used; configurations where the
p-value is below @5 (i.e. the correlation is not a coincidence) have to be retained.

The RMSD represents the relative error of the soil moisture dynamical range,-BAASMis an
index, it has no units. Hence it is possible to obtain an estimate of the error of the twopt zone

soil moisture retrieval in Bm® %y multiplication between the RMSD and the observed dynamical
range (obs_mamnin_max).

Usually, soil moisture time series show a strong seasonal pattern that could artificially increase the
perceived agreemdrbetween satellite and in situ observations in terms of CC. Therefore, to avoid
seasonal effects, time series of anomalies from a moving monthly average are also calculated
(Albergel et al., 2009, 2011). The difference to the mean is calculated foirayshdhdow of five
weeks (if there are at least five 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, with7F+{il7]
(corresponding to a-Bveek window). If ateast five measurements are available in this period of
time, the average SSM value and the standard deviation are calcul@ites.Anomaly (Ano),
dimensionless is then given by:

ancf) = M)+ SUF)

stde(SM(F))

More often than not, soil moisture is measured alonithvgoil temperature. If available, a threshold

of +4° degrees should be considered and soil moisture measurements below this threshold should
be rejected. Also, soil temperature associated to-BMS2 is used to filter out SNDAS2 potentially
affected byfrozen conditions.

6.3.2.5 Ground data used for validation

This study makes use of in situ soil moisture measurements obtained through the International Soil
Moisture Network (ISMN, https://ismn.geo.tuwien.ac.at/, Dorigo et al. 2011), a data hosting centre
where globally available groudshsed soil moisture measements are collected, harmonized and
made available to users. Data from five networks in the ISMN are considered siutlis NRGS
SCAN (Natural Resources Conservation Ser8méClimate Analysis Network), USCRN (U.S. Climate
Reference Network) andRCSSNOTEL (short for Snow Telemetry) over the United States. While
many others stations are available through the ISNti¢se networks were selected because they
have data over the considered periatlfe 2015 to May 20}6

In situ measurements of soilgrsture are not available on the GTS and the most recent data are
often not available. From our knowledge, very few networks provide data in near real time.
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This study also uses data from the SMOSMANIA network of Mét#uce (21 automatestations)).
Surfacein situ measurements (usually at a depth of 5 cm) are used to evaluaie A2 first layer
of soil; @7cm.

The different soil moisture data sets used in this report are presentd@lite35 and presented in
Figure30. The in situ soil moisture data base collected in this study represents a fully independent
source of evaluation representing different biome and climate conditions.

Figure3lillustrates a time series for two stations of the NEFAN network in the U.S.; the soll
moisture annual cycle as well as its short term variability is well represented (i.e. most peaks and
troughs). SMDAS2 is represented for the validationepod from June 2015 until May 2016. The
dotted vertical lines represent evaluation period.

Number of
i : stations (vith data
Soil Moisture . . . .
P Type Soil layer depth (cm) Spatial resolution available for
June2015 to May
2016
. ~25 km grid
H14 / SMDAS?2 NWPanalysis 0-7, 7-28, 28100, 106289 (T799) Global product
NCRSSNOTEL
In situ observations 5, 10, 20, 50, 100 Local scale 194 stations
(Usa
NCRSCAN
In situ observations 5, 10, 20, 50, 100 Local scale 187 stations
usa
USCRN . ] .
In situobservations 5, 10, 20, 50, 100 Local scale 104 stations
usa
SMOSMANIA
In situ observations 5, 10, 20, 30 Local scale 21 stations
(France

Table35 Presentation of the different soil moisture products used in this report. NWér stanckrical weather
prediction. 506 stations with in situ observations are available
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Figure3Q Location of the in situ soil moisture stations available for this study, covering a large variety of soil type, land
cover type ath climate conditions over the US
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Figure3Z1 lllustration of soil moisture products time series used in this reports, in situ data are in blackDAB2 iSM
in red.Station belong to the NGBSAN network, in the US

6.3.2.5.1 NRCSCAN

172 stations from NRESCANHttp://www.wcc.nrcs.usda.gov/scan/Schaefer and Paetzold 2000)
were used in this study. This network is a comprehensive WI&& soil 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


http://www.wcc.nrcs.usda.gov/scan/
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to monitor soil temperature and soil moisture at several depths, soil wiatezl, air temperature,
relative humidity, solar radiation, wind, precipitation and barometric pressure amongst others.
NRCSCAN data have been used for various studies ranging from global climate modelling to
agricultural studies. The vegetation coverthbse sites consists of either natural fallow or short
grass. Data are collected by a dielectric constant measuring device and typically measurements are
made at 5, 10, 20, 50 and 100 cm.

6.3.2.5.2 USCRN

The U.S. Climate Reference Network National from the Oceadidtmospheric Administration's
National Climatic Data Center (USCRN NOAA's NCDC) consists of 114 stations developed, deploy
managed, and maintained by the National Oceanic and Atmospheric Administration (NOAA) in the
continental United States for thexpress purpose of detecting the national signal of climate change
(Bell et al., 2013). USCRN main objective is to provide clist&acequality measurements of air
temperature and precipitation. The stations in the network were designed to be extengibtaer
missions and in 2011, the USCRN team completed at each station in the conterminous United State
the installation of triplicateconfiguration soil moisture and soil temperature probes at five
standards depths (5, 10, 20, 50, and 100 cm).

6.3.2.5.3 NRCSSNAEL

The Natural Resources Conservation Service (NRCS) installs, operates and maintains an extensi
automated system call SNOTEL (short for Snow Telemetry, Schaefer and Paetzold 2000). Tt
SNOTEL is designed to collect snowpack and related climationdiia Western U.S. and Alaska.
Most of the stations also measure soil moisture and are located in high altitude. Data are collected
by a dielectric constant measuring device and typically measurements are made at 5, 10, 20, 50 an
100 cm. 175 stations angsed in this study.

6.3.2.5.4 In situ soimoistureNetworks: SMOSMANIA

SMOSMANIA (Albergel et al., 2008; Calvet et al., 2007) is #delongeffort to acquire profiles of

soil moisture from 12 automated weather stations in southwestern France (SMOSMANIA). It was
developed to validate remote sensing and model soil moisture estimates. SMOSMANIA is based or
the existing automatic weather station network of Métémance. The stations were chosen to form

a MediterranearAtlantic transect following the marked climatic dgrant between the two
coastlines. The locations of the chosen stations are in relatively flat areas and the altitude of the
highest station is 538 m a.s.. The three most eastward stations are representative of a
Mediterranean climate. Four soil moisturegbes (ThetaProbe ML2X of DelfaDevices) were
horizontally installed per station at four depths: 5, 10, 20 and 30 cm. In 2008, the network was
extended, with nine new stations located in the Mediterranean region (SMOSMBENIMost of

the stations (but ae) are at low altitude and in relatively flat areas (Parrens et al, 2012).
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6.3.2.6  Validation results: long statistical analysis

Considering all the stations and the whole June 2015 to May 2016 period, averaged CC values
are 0.67, 485 stations are available. © values at a seasonal scale; June to August 2015,
September to November 2015, December 2015 to February 2016 and March to May 2016, [are
0.62, 0.72, 0.73 and 0.69, respectively.

Considering the stations of the NCFEBIOTEL networld 94 stations presengignificant CC values;
p-value<0.05 and were used for the evaluation. For this group of stations, bias, SD, RMSE{[
3) and CC (CC on anomaly time series) are 0.07, 0.229, 0.264, 0.076 and 0.66 (0.56).

Considering the stations of the NRG&EAN netwdk, 187 stations present significant CC values; p
value<0.05 and were used for the evaluation. For this group of stations, bias, SD, RM88n{
3) and CC (CC on anomaly time series) are 0.023, 0.237, 0.224, 0.062 and 0.65 (0.54).

Considering the statioa of the USCRN network 04 stations present significant CC values; p
value<0.05 and were used for the evaluation. For this group of stations, bias, SD, RMS3b+3)
and CC (CC on anomaly time series)}@@20, 0.236, 0.218, 0.060 and 0.70 (0.60).

Casidering the stations of the SMOSMANIA netwoiXl stations (of 21) present significant CC
values; pvalue<0.05 and were used for the evaluation. For this group of stations, bias, SD, RMSLC
(m3m-3) and CC (CC on anomaly time series) are 0.253, 0.162,a0:087750 (0.662).

As shown orFigure32for each network, all the CC values are above the target (0.65).

0.9

0.8

07 +

0.6

0.4

031

0.2

0.1

0 ! | . I
NRCS-SCAN (187)  USCRN (104) NRCS-SNOTEL (194) Smosmania (21)

Figure32 Distribution of the correlations between observed surface soil moisture-BA&GSKH14) for the stations of
the USCRN, NRGEAN, NRGSNOTEL, Smosmania networks for June 2015 to May 2016
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. Standard
Region Product : . . o RMSD CcC
Country Period stations | Bias () | deviation
(Network) acronym 0 ()/[m3m?3] | (@anomaly)

NRCSSCAN H14 June 2015 to 0.65

USA ) 270 0.023 0.237 0.224/0.062
(187 stations*)|  (0-7cm) May 2016 (0.54)
USCRN H14 June 2015 tg 0.70

USA ] 5 281 -0.020 0.236 0.218/0.060
(104 stations*)| (0-7cm) | May 2016 (0.60)
NRCS H14 June 2015 to 0.66
USA SNOTEL 0.7 May 2016 167 0.068 0.229 0.264/0.076 0.56
(194 stations*) (0-7cm) (0.56)
Smosmania H14 June 2015 to 0.75

France ) 21 0.253 0.162 0,310/0,087
(21 stationg) (0-7cm) May 2016 (0.66)

(*) Only cases with pvalue <0.05 are considered

Table36 Comparisons of hormalised soil moisture between in situ observations-BA&Skor June 2015 to May 2016.
Mean bias (in situ minus products), correlation, stadéardtion and root mean square difference (RM&Bd [m3m

3]) are given for each network
Table37 reports statistical scores at a seasonal scale (June to Au@bsiSaptember to November
2015, December 2015 to February 2016 and March to May 2016). CC values are, on average, abo

the target (0.65) able36.
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Dec. 2015
Data used forthe Product Jun-Aug. Sept-Nov. Mar. - May
luati 2015 2015 2016
evaluation acronym Feb.2016
Bias €) 0.016 -0.014 0.181 0.058
H14 RMSD+) 0.237 0.214 0.295 0.237
NRCSSCAN
(0-7cm) RMSDOm3m?| 0.066 0.059 0.085 0.068
CC (anomalies)| 0.59(0.52) 0.73 (0.59) | 0.72(0.69)| 0.68 (0.63)
Bias € -0.051 -0.050 0.195 0.05
14 RMSD <) 0.234 0.214 0.298 0.220
USCRN 37
(0-7cm) RMSDOm®m) 0.065 0.060 0.084 0.062
0.74
cc l
(@nomalies) 54 0.54) | 0.76 (0.66) | (0.70) | 0.70 (0.69)
Bias €) 0.026 0.038 0.062 0.345
14 RMSD+) 0.252 0.26 0.175 0.420
NCRSNOTEL 30
(0-7cm) RMSDOm3m| 0.073 0.075 0.049 0.121
0.99
i
CC (anomalies)  ¢3 0.61) | 0.68(0.66) | (0.99) | 0.71(0.73)
Bias € 0.253 0.288 0.221 0.247
H14 RMSD+) 0.289 0.326 0.285 0.322
Smosmania
(0-7cm) RMSDOm3m?| 0.088 0.092 0.080 0.083
CC (anomalies)| 0.78(0.71) 0.74(0.65) | 0.68(0.60)| 0.82(0.74)
Table37Same ashe previous tablat seasonal scale for all stations
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6.4 SnowProducts Quality Assessnt

6.4.1Quality assessment for product HI(ENOBS1)

6.4.1.1 Overview

Product ID (Acronym)

H10 (SNOBSL)

Product name

Snow detection (snow mask) by VIS/IR radiometry

Algorithm version Latest version: 11
LTSSy Version considered for Q.A.: 1.1
Covered period 01/10/2015¢ 31/05/2016

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

Contributing countries

BE, BU, DE, FL, IT, PL, TU

6.4.1.2

In this Chapter the validation results of the -8IBS1 long statistics analysis for the sn@&ason

Validation results

(1.10.205 ¢ 31.05.205) are reported.

Validation has been performed over Belgium, Bulgaria, Finland, Germany, Italy, Poland and Turkey
Each Country/Team contributes to long statistic validation by providing the moatim§ngency

table and the gatistical scores. The results are showed for flat and mountainous areas to provide
complete error information on the product performances relat® the orography. Belgium and

Finland contribute only to flaarea validation, whereas Itabnly for mountanous areas.

To assess the degree of compliance of the product with proceauiirements Table38 and Table
39) all the SPVG members provided the long statistic results following the validation nodtigyd

reported in the previous sections.

Score Threshold Target Optimal
POD 0.80 0.85 0.99
FAR 0.20 0.15 0.05
Table38 product requirements for product-OBS1 in Flat/Forest areas
Score Threshold Target Optimal
POD 0.60 0.70 0.99
FAR 0.30 0.20 0.05

Table39 product requirements for product-OBS1 in Mountainous areas
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The main scores to be evaluated are the Probability Of Detection (POD) and the False Alarm Rat
(FAR). However, in order tgive a more complete idea of the product error structure several
statistical scores have been evaluatéichble40).

flat area Belgium | Bulgaria Finland Germany Poland Turkey tot
numbers of obs 761 12.984 2.792 106.718 22.925 464 146.644
pod 0,70 0,85 0,92 0,90 0,80 0,75 0,88
far 0,59 0,10 0,04 0,31 0,25 0,13 0,28
Ccsi 0,35 0,78 0,79 0,64 0,63 0,67 0,65
pofd 0,03 0,01 0,13 0,02 0,03 0,03 0,02
acc 0,97 0,98 0,89 0,97 0,95 0,91 0,97
hss 0,50 0,87 0,78 0,77 0,75 0,75 0,77

Table4Q Statistical scores for H10 over flat areas relatively to the period 1-:30.2Q2T8.6

mountainous Bulgaria Italy Germany Poland Turkey tot
numbers of obs 3716 12112 9515 1689 3902 30.934
pod 0,57 0,56 0,53 0,64 0,66 0,57
far 0,22 0,03 0,25 0,19 0,11 0,14
csi 0,49 0,55 0,45 0,56 0,61 0,52
pofd 0,03 0,12 0,07 0,14 0,17 0,10
acc 0,90 0,60 0,82 0,75 0,72 0,73
hss 0,60 0,20 0,51 0,50 0,44 0,39

Tabledl Statistical scores for H10 over mountainous areas relatively period :3D20036.

mountainous and

flat area Belgium| Bulgaria| Finland | Italy |Germany Poland | Turkey tot

numbers of obs 761 16700 2792 12112 | 116233 | 24614 4366 177578

pod 0,70 0,75 0,91 0,56 0,78 0,76 0,67 0,76
far 0,59 0,14 0,14 0,03 0,30 0,24 0,11 0,25
csi 0,35 0,67 0,79 0,55 0,59 0,61 0,61 0,60
pofd 0,03 0,01 0,13 0,12 0,03 0,04 0,14 0,04
acc 0,97 0,96 0,89 0,60 0,96 0,94 0,74 0,93

hss 0,50 0,78 0,78 0,20 0,72 0,72 0,49 0,69
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Table42 Statistical scores for H10 over mountainous and flat areas relatively period B1G201%

1 It can be noticed that, in terms of POD the results are better in the flat areas where we have
the larger number of observations available. The product reaches the best performance in
Finland where POD=0.91, FAR=0.14.

1 The lowest POD values over the mountainous areas are generally obtained for the months
of November, April and May when there is mdractional snow on the ground. On the
contrary the FAR index is bettertime mountainous areasl@ble41).

6.4.1.3  Conclusions: Product requirement compliance

In the flatareas, the accuracys above to thearget in terms of POD (08} andit is close to the
thresholdin terms of FAR (0.28In mountainous aresthe Probability Of Detection (POD5@) is
close to thethresholdandthe False Alarm Rate (FAR: (.8%etween thearget and theoptimal.

optimal

Between target and

Between threshold
and target

Threshold exceeded| Threshold exceeded

by <50 % oe x pn

H-SAF Accuracy requirements BIROBSL in
Flat/Forest areas

Product requirements

SNOBS1

Score |[threshold| target | optimal | total
POD 0.80 0.85 | 0.99 0.88
FAR 0.20 0.15 | 0.05 0.28

Table43 Simplified compliance analysis for product H10 (Flat/Forest areas)

H-SAF Accuracy requirements 8ROBSL in
Mountainous areas

Product requirements

SNOBS1

Score |threshold| target | optimal| total
POD 0.60 0.70 0.99 0.57
FAR 0.30 0.20 0.05 0.14

Table44 Simplified compliance analysis for product H10 (mountainouy areas
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6.4.2 Quality assessment for product H{ENOBS2)
6.4.2.1  Overview

Product ID (Acronym) | H11 (SNOBS2)

Product name Snow status (dry/wet) by MW radiometry
Algorithm version Latest version: 1.0
UHISES Version considered for Q.A.: 1.0
Covered period 01/10/2015¢ 31/05/2016

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

Contributing countries BE, FL, TU

6.4.2.2 Validation results

In this Chapter the validation results of the -8IBS2 long statistics analysis for the snow season
(1.10.205 ¢ 31.05.205) are reported.

Validation has beerperformed over Belgium, Finland, Germany, Poland and Turkagh
Country/Team contributes tdhe long statistic validation by providing the monthly contingency
table and the statistical scordar a totalof 39.724 obervations

To assess the degree of compliance of the product with product requirements all the SPVG members
provided the long statistic results following the validation methodology reported in the previous
sections. The main scores to be evaluatiedasess the Product Requiremenire the Probability

Of Detection (POD) and the False Alarm Rate (FAR). However, in order to give a more complete ide
of the product error structure several statiséil scores have been evaluated as: the Critical Success
Index(CSl), Accuracy (ACC) andHteédkeSkill Scor¢dHSS)Table45).

The resultsare evaluatedor flat areaonly as indicated in the CDOP3 Proposal Section 2.244.2.

The validation results show different performances in the validation areas probably due to lacking
in homogeneity of snow cover in space and time, particularly in the coastal regions.

During CDOP3 the Snow Cluster will provide the Committed éfréél1 and a new validation
strategy will be performed coherently.
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flat area Belgium |Finland | Germany| Poland | Turkey |tot
numbers of obs 711 7963 23760 6742 548| 39724
pod 0,40 0,75 0,62 0,48 0,20 0,61
far 0,70 0,25 0,71 0,65 0,48 0,60
csi 0,21 0,60 0,25 0,26 0,17 0,32
pofd 0,04 0,32 0,07 0,06 0,18 0,12
acc 0,94 0,72 0,92 0,92 0,51 0,87
hss 0,31 0,43 0,36 0,36 0,02 0,37

Table45 Statistical scores for H11 over flat areas relatively to the period 1-:30.2Q2T8.6

6.4.2.3  Conclusions: Product requirement compliance

As shown iTable46the POD is above thtaresholdmeanwhile the FAR is quite far from the product
requirements. As shown in the previous chapter, H11 has really good performances (POD 0,75 an
FAR 0,25) in Fiahd.

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

H-SAF Accuracy requirements RIROBS2
Product requirements SNOBS&2
Score threshold| target | optimal total
POD 0.60 | 0.80 | 0.90 061
EFAR 0.20 | 0.10 | 0.05 0,60

Table46 :Simplified compliance analysis for product H11
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6.4.3Quality assessment for product H12 (SDBS3)
6.4.3.1  Overview

Product ID (Acronym) | H12 (SNOBS3)

Product name Effective snow cover by VISfEliometry

Algorithm version Latest version: 1.1

UHISES Version considered for Q.A.: 1.1

Covered period 01/10/2015¢ 31/05/2016

Q.A. methods applied | Continuous statistics Overall accuracy
Contributing countries Finland

H-SAF H1EZNOBS3 fractional snow cover product (FSC), from AVHRR (Advanced Very High
Resolution Radiometer) instrument data on NOGPRand NOAA9 satellites, is compared with
Ground Status information from weather stations operated by Finnish Meteorological Institute. The
time-period for the validation is the winter 2022016 from Oct $to May 3E.

The H12 FSC is produced from AVAdRRIisitions by using the SCAmoe@thod (Metsamaéki et al. 2005)
developed at the Finnish Environment Institute and operated for flat for@sted areas by Finnish
Meteorological Institute.

6.4.3.2  Case study 1: cloud contamination

The case study 1 is from October 1, 2015, and demonstrates the problems with cloud masking. The
area of focus is Finland, over which the validation is performed. Atithesthe southern parts of
Finland was completely sneffee. InFigure33 and Figure34 we show the product and an RGB
composite from MSG/SEVIRI at 09:30 UTC the same day. The satellite composite is selected so th
it matches one of the NOAR9 overpasses used in the producihgeation. MSG/SEVIRI is used for

the reference as it has better channels for showing the different cloud formations.
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Figure33 H12 product for October 1, 2015

Figure34 Satellite RGB composite May 6, 2016 at 14:15 UTC
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The area where H12 product indicates full snow cover, is seen having broken cumuliform clouds,
some of which have high cloudtops (seen in bright cyan). The other areas with misclassified values
in Finland, Estonia and Swedels@have semiransparent and/or broken clouds, and the ground
surface is partly visible, which is clearly difficult for the applied clerdening. The example in
Figure35 and Figure36 shows how these sentiansparent clouds can also result in smaller snow
fractions if not properly identified. Earlier in the day, the cloudsianthern half of Finland were

substantially thicker, so those areas have been masked correctly based on that data.

Figure35 H12 product for May 6, 2016
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Figure36 Satellite RGB composite for Ma®(d,6 at 14:15 UTC

6.4.3.3  Weather station observations

¢KS I mMmH RIFEGF ¢SNB faz2z O2YLI NBR | 3 DZEREaDNE &
weather stations operated by Finnish Meteorological Institute. The observations place the ground
state to ninedistinct categories, shown ihable47. The table also shows in which category the e
code is placed in validation. The used data is from daily 06 UTC observatjpicall{fyhere were
around 120 observation locations daily, distributed around Finland.

Snow fraction
Surface status | Explanation e-code category in
comparisons
Surface is dry (vegetation can be frosty, or moist by dew or fog) | O 0%
Surface isvet (due to rain, melted snow or melted permafrost) 1 0%
Snowfree
Water puddles on the surface 2 0%
Ground is frozen (eg. permafrost) 3 0%
Open areas completely sndmee, (some) snow in the forests 4 07 50 %
Snow covered
Surface less than half snmeavered 5 07 50 %
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Surface more than 50 % but less than 10( .
Melting/wet  SNow,| gnow covered 6 507 100 %
firm or hard
Surface completely snow covered 7 100 %
f th % but | than 1
Surface more than 50 % but less than 10( 8 507 100 %
Loose, dry snow | Snow covered
Surface completely snow covered 9 100 %

Table47 Ground state codes used at FMI

The cleassky values of the daily H12 snow product data are compared to the aforementioned the
three aforementioned snowiraction categories.Hits denotes those comparisons where the
categories matchynderestimatesare cases where the product has a lower value than the station
data, and overestimation where product values are higher than those determined at the weather
stations.Table48 shows the results from these comparisons. The total accuracy value is calculated
monthly. Total accuracy for the validation period was found to be 67.7 %. Number of under and
overestimations are shown in detail so that it is easier to see how severe the errors are, that is how
many category steps the product is under or overestimating. The number of discarded cases (due
to clouds or darknesd$pr each category are shown frable49.

Oct 2014 | Nov 2014 | Dec 2014 |Jan 2015 | Feb 2015 | Mar 2015 | Apr 2015 | May 2015 | Total
hits 275 0 0 0 0 442 235 549 1501
underestimation 0 0 0 0 0 231 123 16 370
1 category 0 0 0 0 0 192 112 15 319
2 category 0 0 0 0 0 38 11 1 50
3 category 0 0 0 0 0 1 0 0 1
overestimation 93 0 0 0 0 24 51 179 347
1 category 63 0 0 0 0 23 51 178 315
2 category 6 0 0 0 0 1 0 1 8
3 category 24 0 0 0 0 0 0 0 24
gzg‘ber of used 368 0 0 0 0 697 409 744 | 2218
Accuracy (%) 74.73 NaN NaN NaN NaN 63.41 57.46 73.79 67.67

Table48 :Statistics on the comparison between H12 and weather station observations

Oct 2014 | Nov 2014 | Dec 2014 |Jan 2015 | Feb 2015 | Mar 2015 | Apr 2015 | May 2015 | Total

no data, no snow 3062 2110 1364 77 30 45 1195 2644 | 10527
[,‘/0 data, less than 50| ¢, 145 322 93 114 128 775 168 | 1799
0 SNoOwW

no data, more than 50

74 147 240 219 76 132 244 55 1187
% snow

no data, full snow
cover

129 1167 1755 3269 3072 2641 905 28 12966
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Oct 2014 | Nov 2014 | Dec 2014 |Jan 2015 | Feb 2015 | Mar 2015 | Apr 2015 | May 2015 | Total

number of unused

obs 3319 3569 3681 3658 3292 2946 3119 2895 |26479
number of total obs 3687 3569 3681 3658 3292 3643 3528 3639 | 28697
percentage of used| g gg 0.00 0.00 0.00 0.00 19.13 11.59 2045 | 7.73

obs

Table49 Detailed count®r missing data

6.4.3.4  Conclusions: Product requirement compliance

Previously, the analysis have included also comparisons against fractional values obtained fron
snow course measurements operated by Finnish Environment Institute (SYKE), but the data was no
available for this validation. As the Product Requirements show Overall Accuracy thresholds only for
mountainous areas (RMSE have been used for¥iégndzy G | Ay 2dzA | NBFaosx ¢S
on compliance. Nevertheless, the gained Accuracy of 67s&#glntly above of the target threshold
given for mountainous regions (65 %).

When investigating the more detailed data in Table, we can see that the differences are primarily
2yfte 2F 2yS OFGiS3I2NE adSL) oS amn dietkeweathsf stationO 2 @
data). All the underestimations have been during the spring melting season, where as the
overestimates have also occurred during the autumn. All of ttat@gory misclassifications were
during the autumn. In the case ofcategory werestimations, as shown in chaptér4.3.2, vast
majority of the occurences are fronitgations where clouds have been misinterpreted as snow.
Note that only one Zategory underestimation (full snow cover interpreted as bare ground) has
occurred. The cause for this is a bit uncertain, but shadow cast by clouds seems to be part of the
problem.

6.4.3.4.1 Formulae

Accuracy

ACC = <number of correct> / <number of total observations>

6.4.3.4.2 References

Metsamaki, S., Anttila, S., Huttunen, M., & Vepsalainen, J. (2R@&3sible method for fractional
snow cover mapping in boreal zone based on a reflectance mBdehote Sensing of
Environment, 95, 7-B5
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6.4.4 Quality assessment for product H13 (SDBS4)
6.4.4.1  Overview

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

Product name Snow water equivalent by MW radiometry
Algorithm version Latest version: 1.0
UHISES Version consideretbr Q.A.: 1.0
Covered period 01/10/2015 ¢ 31/05/2016

Q.A. methods applied | Continuous statistics RMSE

Contributing countries FL,PL,TU

In this Chapter the validation results of the -8IB&4 long statistics analysis for the snow season
(1.10.205 ¢ 31.05.205) are reported.

Validation has been performed over Finlafbland and Turkefzach Country/Team contributes to

long statistic validation by providing the seasonal statistical scores. The results are showed
separately for flat and mountainouareas (if applicable), since the product requirements are
different in value for the two areas.

To assess the degree of compliance of the product with product requiremdiatslg50) the
contributing SPVG members provided the long statistic results following the validation methodology
reported in the previous sections.

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

Table5Q Product requirements for productSRIS3

6.4.4.2  Validation resultsin Finland ¢ver flat and forested areas) description of validation

data
EUMETSAT-8AF Snow Water Equivalent (SWE) product H13 on flat areas is based on assimilatiol
of ground based Snow Depth (SD) observations and space borne radiometer (SSMI/S) derived SW
estimates. Since SD data are used as input to the algorithm it mibahan independent data set
describing SWE is required.
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In this validation effort Finnish Environment Institutes (SYKE) snow course measurements have beel
used. SYKE estimates SWE with both snow depth and snow weight measurements. These actior
are condwted on a course (typically length of42km) and including multiple types of land use.
Resulting SWE is average of these measurements and thus a good representative of a radiomete
resolution (~25 km) pixel. There are altogether 150 active snow coulSigsir¢ 37) and
measurements are performed once or twice in month.

Figure37. Snow course locations in Finland

6.4.4.2.1 Validation results

H-SARH13 SWE was validated for period from Oct 1 2015 to May 31 2016. Scatterplot of SYKE sno
course SWE versus H13 SWiihvete are presented ifrigure38.
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HSAF-H13 SWE accuracy - Finnish snow course data, winter 2015 - 2016
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Figure38 Scatterplot of SYKE snow course SWE vs. H13 SWE estimate.

Statistical figures obtained were bias of 3.4 mm, RMS without bias correction 31.7 mm, RMS with
bias correction 31.5mm, and correlation coefficient 0.84.

In Figure39 the same results in scatterpldtigure38 are presented in an alternative fashion with
average valueand error limits.
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HSAF-H13 SWE accuracy - Finnish snow course data, winter 2015 - 2016
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Figure39 Scatterplot of SYKE snow course SWE vs. H13 SWE estimate.

In Figure39it is observed an underestimatiorf SWE when SWE > 150 mm.

6.4.4.2.2 Conclusions

In this validation aRMS valueequal to 31.7 mm was obtained. This is in between target and
threshold value Table50). InFigure39it is observed an underestimation of SWE when the SWE
derived by the ground truth ikrger than 150 mm. This is typical behavior of the algorithm since
with large values of SWE radiometer SWE estimates saturate.

6.4.4.3  Validation results inPoland description of validation data

In order to validate H13 product snow water equivalent (SWE darded at 39 weather stations
were taken into considerationF{gure40a). Due to the limitation of H13 (SWE) algorithm to the
snow depth rang0-100 cm SWE groundeasurement data from 11 weather stations were used
(Figure40b, Table51). Therewere 31 SWE grouncheasurement data consistent with SWE H13
data. The data covered the period of-26 January 2016.
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Figure4Q Ground weather stations measuring snow water equivalent in Poland 2O4BI12016: a) with available
measurement data; b) used in validation of H13 product

Station no. Stationname Longitude Latitude Altitude (m a.s.l.) Areatype

1 ZAKOPANE 19.960 49.294 855 mountainous
2 KASPROWY WIER 19.982  49.233 1991 mountainous
3 | bL9AY! 15739 50.736 1603 mountainous
4 WARSZAWA Y B/ 20.961 52.163 106 flat
5 TERESPOL 23.621 52.078 133 flat
6 a_1!21 20.361 53.104 147 flat
7 aLYh_I'W 21589 53.789 127 flat
8 .L! . {¢ 23162 53.107 148 flat
9 D5! c{2YL. t 18.934 54.334 7 flat
10 9 . IMILBJEWC 19.544 54.223 189 flat
11 {'21 YL 22949 54.131 184 flat

Table51 List of weather stations used in validation of H13 product.
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SWE values derived from H13 product were primarily compared to those ddroradhe ground
measurement through drawing scatter ploFigure 41).

Next, the continuous statistics were

calculated Table52).
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Figured4l Scatter plot of SWE values derived from H13 product and ground measurement.

Statistics Scores

Mean Error

7.9

Standard Deviation

7.0

Correlation Coefficient

0.5

Root Mean Square Error

10.5

Root Mean Square Error ¢

0.4

Table52 Statistical scores of H13 product validation
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6.4.4.3.1 Conclusions

Scores for continuous statistics suggest good correspondence of SWE values derived from H1.
product andground measurement. It seems that H13 product has too coarse spatial resolution for
mountainous area.

6.4.4.4  Validation results inTurkey. description of validation data

The validation oBnow Water Equivaleritom microwaveimagery fromSSMI/SmergedH13product)

is performed againsautomated weather stations and snow pack analyser stations. The snow depth
measurements obtained from the ground stations are udeidyre42). The insitu datafalling in the
mountain mask are included in the validation analysifie validation dataset covers the period of
Decembe2015-March2016 with 4999in-situ measurementgrom 94stations For the wiole validation
period AWOSstation observationsvere collected, butdue to problems and unknown reasqrtbe
observations fromsome of theAWOS stationsould not be includedn the validationprocess 3130
observations were used in the validation studihe H13 Validation pgramdevelopedin the MATLAB
environment is used in the validation study.

6.4.4.4.1 Methodology

In-situ measurementsire compared individually with the corresponding 25x25%KasMI/Sootprint.

For each measurement location the elevation of the weather stasmompared against th&SMI/S

pixel median elevation where the measurement falls inside it. If the elevation difference between
measurement location and pixel elevation median value is greater than 400 meters that weather station
is excluded from validatiorstudies Since theSWE product is deloped for dry snow conditions, the
validation period is selected as DecemtieMarch. Theesults are presented ihable53for 2016 water

year. The comparison between the retrieved and observed SWE values is presdritpaed 3.
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Figure42 TSMRAWOS stations reporting snow depths.
Range | Meas. SWE Calc. SWE Stand. | Data Mean
(mm) | (mm) (mm) Dev. Count Error
0-25 7,29 6,87 7,00 1798,00 | -770,55
2550 | 35,57 25,19 7,79 562,00 | -5838,72
50-75 | 60,10 46,48 7,39 296,00 |-4030,29
75100 | 85,71 99,90 7,82 132,00 | 1873,68
100 111,51 113,88 6,98 122,00 | 288,80
125
125 137,17 119,69 7,19 91,00 -1590,36
150
150 161,15 115,35 6,59 80,00 -3664,00
175
175 184,06 131,69 6,46 29,00 -1518,80
200
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Range | Meas. SWE Calc. SWE Stand. | Data Mean

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

200 208,91 156,41 6,04 17,00 -892,41

225

225 231,35 168,67 10,26 3,00 -188,06

250

Table53 Results for validation period December, R0A&rch, 2016.

The calculated mean snow water equivalent values obtained from
H13 corresponding to measured snow water equivalent values for
the period December, 2015- March,2016

250,00

200,00

150,00

100,00

50,00

0,00
0,00 50,00 100,00 150,00 200,00 250,00

Average Measured SWE (mm)

werage Calculated SWE (mm)+/-Std. Dev

Figure43 The calculated mean snow water equivalent obtained from H13 corresponding to measured snow water
equivalentvalues for the period December, 204arch, 2016.

RMSE=34.64 mm

6.4.4.4.2 3. Conclusions

The amount of ground datased in the validation study is limitedAlso, the ground measurements are

not evenly distributed within the resolution elements, so the whole area of individual footprint is not
examined. The coarse spatial resolution and the penetration characteristics of the SSMI/S instrument
for shallow anl deep snow lead under and over estimation in the SWE retrieval. The dv®tSIE for
December 2018March 2016 is 34,64 mpthe RMSE is calculated as 31,56 mm, 36,44 mm, 39 mm and
31,05 mm for December, January, February and March respectiVbly.resultsindicate that the
threshold user requirement which is 45 mm for the mountainous areas is already satiR&éetring to
Figure43 one can see undestimation of SWE when ground truth SWE is larger tt&hnim. This is
typical behaviar of the algorithm since with large values of SWE radiometer SWE estimates saturate.
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The maximum snowlepth observed in 2016 was 2181@nd the average of the observedosv depth
in 94 stationsvas28,22cm.

6.4.4.5

As shown imable54the statistical scores obtained by the validation of H13 in SPVG generally satisfy
the Product Requirements, with RMSE between the threshold and the target values.

Conclusions: Product requirement compliance

In this validation a RMSEale of 34.64mm was obtainedor mountainous area and a RMSE of
30.59 mm for the flat aredyoth arebetween target and threshold value. One possibility to improve
RMSE figure is to take into account land use and other parameters to adjust snow dedsBWan
figures respectively.

Between threshold

Between target Threshold exceede Threshold exceede

and optimal and target by <50 % 0e X pJ
H-SAF Accuracy requirements SROBS4
Product requirements RMSEmm)
threshold [target [optimal | TOTAL Poland |Finland |Turkey
N. samples 5795 31 562 4999
Mountainous [45mm |[25mm |[15mm [34.64mm 34.64mm
Flat Area 40 mm |20 mm |10 mm [30.59 mm |10.5 mm |31.7 mm

Tableb4 compliance analysis for product-GRS4
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Appendix 1 a2y OKdziet AGeé ! aaSaaySyid wSac

1.1 Monthly validation results for HO1 new rel.
0.25<=PR <1 mm/h

Mean Error Standard Deviation
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Figure A Monthly validation results for HO1 new rel. relatively to thgrecipitation class 1
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1 <= PR <10 mm/h

Mean Error Standard Deviation
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Figure £ Monthly validation results for HO1 new rel. relatively to thgrecipitation class 2
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PR >= 10 mm/h
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Figure /A: Monthly validation results for HO1 new rel. relatively to th@ecipitation class3.
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PR >= 0.25 mm/h
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Figure Al Monthly validation results for HO1 new rel. relatively to therecipitation class 4
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1.2 Monthly validation results for H15A

Figure /&: Monthly validationresults for H15A relatively to the precipitation regime 0.2BR<1 mm/h.


























































