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Figure 55: Monthly anomaly of H SAF SM-DAS-2 (H14) from the long term mean 1992-2019 (LTM based on 

combination of H27 and H14 H SAF products) for the driest/wettest month in reporting period. H14 

layers 1,2 and 3 are summarized (SWIANO_0_100). Black circles indicate location of Lysimeter station 
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1 LƴǘǊƻŘǳŎǘƛƻƴ 

 Purpose of the document 

The purpose of the document is to provide a report of the engineering aspects of the H SAF 

operations for the first and second semester of 2020 (from 01/01/2020 to 31/12/2020). It includes 

performance statistics of H SAF operational products. The results of quality assessment and hydro-

validation of operational products are also included covering the period from 01/06/2019 ς 

31/05/2020.  

 Document overview 

The following sections compose the present document: 

Section 2: the overview of the object of the report is provided; expected performances and 

monitored products are the object of the overview. 

Section 3: operations overview: the performances of the system are reported, in terms of products 

availability, archiving, dissemination and problems reporting. 

Section 4: the ǳǎŜǊΩǎ feedback received from the communities and from the web site. 

Section 5: The H-SAF products quality assessment for covering the period 01/06/2019 ς 31/05/2020 

To be noted: the Hydrovalidation Report is delivered as a separate dedicated set of Documents 

(Hydrovalidation Report) 
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2 hǇŜǊŀǘƛƻƴǎ ƻǾŜǊǾƛŜǿ 

 Operation commitments: the service specification 

Reference for the operations is the H SAF Service Specification (current baseline release: 

SAF/HSAF/SeSp/1.11). 

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

expected product performances. 

 Reference period 

The Operation Report covers both the semesters of the year, reflected in following name 

convention: 

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

 

where <YYYY> is the year, <x> the semester (or semesters, if both) of the year, <v> version and <r> 

the revision. 

The period of observation is related to system performance (e.g. dissemination, archive, statistics 

on user accesses etc.).  

The scientific aspects of H SAF cannot be monitored with the same frequency as the engineering 

ones, due to specific reasons, such as the need of cover a complete snow season for a significant 

quality assessment of snow products, or the duration of a consistent hydrovalidation campaign: this 

implies that only at mid-year these aspects are included in the report.  

 

Current report (2020 S1/S2) covers following periods: 

Operations aspect in this report Covered period 

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

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

 

 Products list  

The table lists all products with operational or pre-operational status for the entire period under 

review. 

Identifier Acronym Name Type Operational Status history 

Precipitation products 

H01 new 

rel. 

PR-OBS-1 

new rel. 

Precipitation rate at ground by 

MW conical scanner 

NRT Operational since July 2013  
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Identifier Acronym Name Type Operational Status history 

H02B PR-OBS-2B 
Precipitation rate at ground by 

MW cross-track scanners 

NRT Operational since October 2019 

H03B PR-OBS-3B 
Precipitation rate at ground by 

GEO/IR supported by LEO/MW 

NRT 
- Operational since April 2019 

H05B PR-OBS-5B 
Accumulated precipitation at 

ground by blended MW and IR 

NRT 
- Operational since April 2019 

H15A PR-OBS-6A 

Blended SEVIRI Convection area 

/ LEO MW Convective 

Precipitation 

NRT Pre-operational since mid-June 2015 

Soil Moisture products 

H08 SM-OBS-2 
Small-scale surface soil moisture 

by radar scatterometer 

NRT Pre-operational since H SAF 

Development Phase 

H16 
SSM ASCAT-

B NRT 
O12.5 

Metop-B ASCAT NRT SSM orbit 

geometry 12.5 km sampling 

NRT Operational since June 2016 

H101 
SSM ASCAT-

A NRT 
O12.5 

Metop-A ASCAT NRT SSM orbit 

geometry 12.5 km sampling 

NRT Operational since June 2016 

H102 SSM ASCAT-
A NRT O25 

Metop-A ASCAT NRT SSM orbit 

geometry 25 km sampling 

NRT Operational since June 2016 

H103 SSM ASCAT-
B NRT O25 

Metop-B ASCAT NRT SSM orbit 

geometry 25 km sampling 

NRT Operational since June 2016 

H14 SM-DAS-2 

Soil Moisture Profile Index in the 

roots region retrieved by surface 

wetness scatterometer 

assimilation method 

NRT Operational since June 2012 

Snow  products 

H10 SN-OBS-1 
Snow detection (snow mask) by 

VIS/IR radiometry 

NRT Operational since November 2011 

H11 SN-OBS-2 
Snow status (dry/wet) by MW 

radiometry 

NRT Operational since mid-December 2013 

H12 SN-OBS-3 
Effective snow cover by VIS-IR 

radiometry 

NRT Pre-operational since November 2012 

H13 SN-OBS-4 
Snow water equivalent by MW 

radiometry 

NRT Operational since November 2012 

H31 
SE-D-

SEVIRI 

Snow detection for flat land 

(snow mask) by VIS/NIR of SEVIRI  

NRT Operational in H SAF since February 

2019 (previously operational in LSA SAF) 
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Identifier Acronym Name Type Operational Status history 

H32 
SE-G-

AVHRR 

Snow detection for flat land 

(snow mask) by VIS/NIR of 

AVHRR  

NRT Operational in H SAF since February 

2019 (previously operational in LSA SAF) 

Table 1: H SAF operational or pre-operational products list 
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 Commitments related to Product Requirements and NRT Production 

ID Product Name Acronym 
Operational 
Satellite 
Input  Data  

Other 
Operational 
Input Data 

Format 
Spatial 
Coverage 

Spatial Resolution Threshold Accuracy Target Accuracy Optimal Accuracy 

H01 
new 
rel. 

Precipitation rate at 
ground by MW conical 
scanner 

PR-OBS-1 
new rel. 

SSMI and 
SSMIS on 
DMSP (SSMI 
on DMSP until 
Nov. 2011 ς 
no longer 
available) 

SSM/I (on 
DMSP-15) and 
AMSR-E (on 
EOS-Aqua)  BUFR 

H SAF area 
extended 
to Africa 
and 
southern 
Atlantic 

Resolution 
changing with 
precipitation type: 
30 km in average  
Sampling: 16 km 

Changing with precipitation 
type:  
ω фл҈ ŦƻǊ Ҕ мл ƳƳκƘΣ  
ω мнл҈ ŦƻǊ м-10 mm/h,  
ω нпл҈ ŦƻǊ ғ м ƳƳκƘ 

Changing with 
precipitation type:  
ω ул҈ ŦƻǊ Ҕ мл ƳƳκƘΣ  
ω млр҈ ŦƻǊ м-10 mm/h,  
ω мпр҈ ŦƻǊ ғ м ƳƳκƘ 

Changing with 
precipitation type:  
ω нр҈ ŦƻǊ Ҕ мл ƳƳκƘΣ  
ω рл҈ ŦƻǊ м-10 mm/h,  
ω фл҈ ŦƻǊ ғ м ƳƳκƘ 

H02B 
Precipitation rate at 
ground by MW cross-
track scanners 

PR-OBS-2B 

AMSU-A and 
AMSU/B on 
NOAA (up to 
NOAA-17) 
AMSU/A and 
MHS on 
Metop-A 
(and MetOp-
B when 
available) and 
NOAA 18/19 

 BUFR 

H SAF area 
extended 
to Africa 
and 
southern 
Atlantic: 
LAT 60°S - 
75°N, 
LON 60°W 
- 60°E 

Resolution 
changing along the 
scan: varying from 
16 x 16 km2 / 
circular 
at nadir to 26 x 52 
km2 / oval at scan 
edge 

Sampling 16 km 

RR > 1 mm/h FSE% = 200% RR > 1 mm/h FSE% = 150% RR > 1 mm/h FSE% = 
100% 

H03B 

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

P-IN-
SEVIRI 

SEVIRI on 
MSG 
Precipitation 
rate at 
ground by 
MW (e.g. P-
IN-SSMIS, P-
IN-MHS) 

 GRIB-2 

H SAF area 
extended 
to Africa 
and 
southern 
Atlantic: 
LAT 60°S - 
67.5°N, 
LON 60°W 
- 60°E 

Resolution 
changes across the 
Full Disk from 3 
km near the 
sub-satellite point 
to 8 km on 
average over 
Europe. 

Sampling 
dependent of 
SEVIRI IFOV 

RR > 1 mm/h FSE% = 200% RR > 1 mm/h FSE% = 150% RR > 1 mm/h FSE% = 
100% 
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ID Product Name Acronym 
Operational 
Satellite 
Input  Data  

Other 
Operational 
Input Data 

Format 
Spatial 
Coverage 

Spatial Resolution Threshold Accuracy Target Accuracy Optimal Accuracy 

H05B 

Accumulated 
precipitation at 

ground by blended 
MW+IR 

P-AC-
SEVIRI 

 

Precipitation 
rate at ground 

(e.g. P-IN-
SEVIRI) 

GRIB-2 

H SAF area 
with 

extension 
to Africa 

and 
southern 
Atlantic: 

LAT 60°S - 
67.5°N, 

LON 60°W 
- 60°E 

Resolution: ~ 30 
km 

Sampling: 5 km in 
average 
Sampling 

dependent of 
SEVIRI IFOV 

RR > 1 mm/24h FSE% = 
200% 

RR > 1 mm/24h FSE% = 
150% 

RR > 1 mm/24h FSE% 
= 100% 

H15A 

Blended SEVIRI 
Convection area / LEO 
MW Convective 
Precipitation 

PR-OBS-6A 

SEVIRI on 
MSG 

 

Precipitation 
rate at ground 
by MW (eg. 
PR-OBS1, PR-
OBS2) 
Convective 
cloud Mask 
(NEFODINA) 

GRIB-2 H SAF area 

Resolution 
changing cross 
Europe: 8 km in 
average 

Sampling: 5 km in 
average 

Sampling 
dependent of 
SEVIRI IFOV 

Changing with precipitation 
type:  

ω фл҈ ŦƻǊ Ҕ мл ƳƳκƘΣ  

ω мнл҈ ŦƻǊ 1-10 mm/h,  

ω нпл҈ ŦƻǊ ғ м ƳƳκƘ 

Changing with 
precipitation type:  

ω ул҈ ŦƻǊ Ҕ мл ƳƳκƘΣ  

ω млр҈ ŦƻǊ м-10 mm/h,  

ω мпр҈ ŦƻǊ ғ м ƳƳκƘ 

Changing with 
precipitation type:  

ω нр҈ ŦƻǊ Ҕ мл ƳƳκƘΣ  

ω рл҈ ŦƻǊ м-10 mm/h,  

ω фл҈ ŦƻǊ ғ м ƳƳκƘ 

H08 
Small-scale surface 
soil moisture by radar 
scatterometer 

SM-OBS-2 
ASCAT on 
Metop  

SAR imagery BUFR H SAF area 

Resolution 
resulting from 
disaggregation 
starting from 25 
km  
Sampling: 0.5 km 

Correlation coefficient (CC): 
0.50 

Correlation coefficient 
(CC): 0.65 

Correlation coefficient 
(CC): 0,80 
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ID Product Name Acronym 
Operational 
Satellite 
Input  Data  

Other 
Operational 
Input Data 

Format 
Spatial 
Coverage 

Spatial Resolution Threshold Accuracy Target Accuracy Optimal Accuracy 

H14 

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

SM-DAS-2 
ASCAT on 
Metop 

SAFH/H-16 

Values 
in grid 
points 
on a 
Gaussian 
grid 

Global 

Horizontal 
resolution: 25km 
Vertical resolution: 
4 layers in the 
range surface 
to2.89m: layer-1 
(0-7cm), layer-2 
(7-28cm), layer-3 
(28-100cm) and 
layer-4 (100-
289cm). 

Correlation coefficient (CC): 
0.50 

Correlation coefficient 
(CC): 0.65 

Correlation coefficient 
(CC): 0,80 

H16 
Metop-B ASCAT NRT 
SSM orbit geometry 
12.5 km sampling 

SSM 
ASCAT-B 

NRT O12.5 

ASCAT on 
Metop B 

 BUFR Global 

Resolution: 25-34 
km x 25-34 km 

Spatial sampling: 
12.5 km 

Signal to noise ratio: 0 dB Signal to noise ratio: 3 dB Signal to noise ratio: 6 
dB 

H101 
Metop-A ASCAT NRT 
SSM orbit geometry 
12.5 km sampling 

SSM 
ASCAT-A 

NRT O12.5 

ASCAT on 
Metop A 

 BUFR Global 

Resolution: 25-34 
km x 25-34 km 

Spatial sampling: 
12.5 km 

Signal to noise ratio: 0 dB Signal to noise ratio: 3 dB Signal to noise ratio: 6 
dB 

H102 
Metop-A ASCAT NRT 
SSM orbit geometry 
25 km sampling 

SSM 
ASCAT-A 
NRT O25 

ASCAT on 
Metop A 

 BUFR Global 

Resolution: 50 km 
x 50 km 

Spatial sampling: 
25 km 

Signal to noise ratio: 0 dB Signal to noise ratio: 3 dB Signal to noise ratio: 6 
dB 

H103 
Metop-B ASCAT NRT 
SSM orbit geometry 
25 km sampling 

SSM 
ASCAT-B 
NRT O25 

ASCAT on 
Metop B 

 BUFR Global 

Resolution: 50 km 
x 50 km 

Spatial sampling: 
25 km 

Signal to noise ratio: 0 dB Signal to noise ratio: 3 dB Signal to noise ratio: 6 
dB 
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ID Product Name Acronym 
Operational 
Satellite 
Input  Data  

Other 
Operational 
Input Data 

Format 
Spatial 
Coverage 

Spatial Resolution Threshold Accuracy Target Accuracy Optimal Accuracy 

H10 
Snow detection (snow 
mask) by VIS/IR 
radiometry 

SN-OBS-1 

SEVIRI on 
MSG 
Meteosat-9 
 

 HDF5 H SAF area 

SEVIRI pixel 
resolution and grid 

POD: 
Flat/Forested areas: 80 % 
Mountainous areas: 60% 
FAR: 
Flat / Forested areas: 20 % 
Mountainous areas: 30% 

POD: 
Flat/Forested areas: 85 %  
Mountainous areas: 70% 
FAR: 
Flat/Forested areas: 15 % 
Mountainous areas: 20% 

POD: 99 % 
FAR: 5 % 

H11 
Snow status (dry/wet) 
by MW radiometry 

SN-OBS-2 
AMSR-E on 
EOS-Aqua 

 HDF5 H SAF area 

Resolution: ~ 20 

km 

Sampling: 20 km 

Hit Rate (HR): 60 %  

False Alarm Rate (FAR): 20 

% 

Hit Rate (HR): 80 %  

False Alarm Rate (FAR): 10 

% 

Hit Rate (HR): 90 %  

False Alarm Rate 

(FAR): 5 % 

H12 
Effective snow cover 
by VIS/IR radiometry 

SN-OBS-3 
AVHRR on 
NOAA and 
Metop 

 HDF5 H SAF area 
Resolution: 1 - 2 
km, Sampling:0.01 
degrees 

45% (Overall accuracy) 65% (Overall accuracy) 95% (Overall 
accuracy) 

H13 
Snow water 
equivalent by MW 
radiometry 

SN-OBS-4 
SSMIS on 
DMSP 

 HDF5 H SAF area 

Resolution: ~ 20 
km  

Sampling: 0.25 
degrees 

ω Cƭŀǘ κ CƻǊŜǎǘŜŘ ŀǊŜŀǎΥ 
40mm 

ω aƻǳƴǘŀƛƴƻǳǎ ŀǊŜŀǎΥ 
45mm 

ω Cƭŀǘ κ Forested areas: 
20mm 

ω aƻǳƴǘŀƛƴƻǳǎ ŀǊŜŀǎΥ 
25mm 

ω Cƭŀǘ κ CƻǊŜǎǘŜŘ 
areas: 10mm 

ω aƻǳƴǘŀƛƴƻǳǎ ŀǊŜŀǎΥ 
15mm 

Table 2: Commitments related to Product Requirements ï Main characteristics 
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ID Product Name Acronym Generation frequency Timeliness 

H01 new 
rel. 

Precipitation rate at ground by MW 

conical scanner 
PR-OBS-1 
new rel. 

Up to six passes/day in the intervals 

06-12 and 18-24 UTC 

Observing cycle over Europe: ~ 10 h 

2,5 hours 

H02B 
Precipitation rate at ground by MW 

cross-track scanners 
P-IN-MHS 

Up to six passes/day with somewhat 
irregular distribution across the day. 

Observing cycle over Europe: ~ 5 h 
2.5 hours 

H03B 
Precipitation rate at ground by 
GEO/IR supported by LEO/MW 

P-IN-
SEVIRI 

Every new SEVIRI image (at 15 min 
intervals) 

Observing cycle over Europe: 15 min 
15 min 

H05B 
Accumulated precipitation at ground 
by blended MW+IR 

P-AC-
SEVIRI 

Four products (integrals over 3, 6, 12 
and 24 h) every three hours (rolling) 

Observing cycle over Europe: 3 h 
25 min 

H15A 
Blended SEVIRI Convection area / LEO 
MW Convective Precipitation 

PR-OBS-6A 

Every new SEVIRI image (at 15 min 

intervals) 

Observing cycle over Europe: 15 min 

15 min 

H08 
Small-scale surface soil moisture by 
radar scatterometer 

SM-OBS-2 

On completion of each orbit at 100 

min intervals, through the intervals 

07-11 and 17-23 UTC  

Observing cycle over Europe: 36 h 

130 min 

H14 

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

SM-DAS-2 

Model output at 24-h intervals   

Observing cycle ~ 24 h (NWP model 

assimilation / stabilisation process) 

24 to 36 hours 

H16 
Metop-B ASCAT NRT SSM orbit 
geometry 12.5 km sampling 

SSM 
ASCAT-B 

NRT O12.5 

On completion of each orbit. 

Each orbit lasts 101 minutes 

(orbital period), resulting in ca. 14 

2 hours 

H101 
Metop-A ASCAT NRT SSM orbit 
geometry 12.5 km sampling 

SSM 
ASCAT-A 

NRT O12.5 

orbits/day. Observing cycle over 

Europe: 36 h (full geographical 

coverage). 

2 hours 

H102 
Metop-A ASCAT NRT SSM orbit 
geometry 25 km sampling 

SSM 
ASCAT-A 
NRT O25 

On completion of each orbit. 

Each orbit lasts 101 minutes 

(orbital period), resulting in ca. 14 

2 hours 

H103 
Metop-B ASCAT NRT SSM orbit 
geometry 25 km sampling 

SSM 
ASCAT-B 
NRT O25 

orbits/day. Observing cycle over 

Europe: 36 h (full geographical 

coverage). 

2 hours 

H10 
Snow detection (snow mask) by 
VIS/IR radiometry 

SN-OBS-1 Output result every 24 h 3 hours 

H11 
Snow status (dry/wet) by MW 
radiometry 

SN-OBS-2 Output result every 24 h 6 hours 

H12 
Effective snow cover by VIS/IR 
radiometry 

SN-OBS-3 Output result every 24 h 3 hours 
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ID Product Name Acronym Generation frequency Timeliness 

After each AVHRR pass, then multi-

temporal analysis for cloud-free 

pixels 

H13 
Snow water equivalent by MW 
radiometry 

SN-OBS-4 

Output result every 24 h 

Assimilation of SSMI/S brightness 

temperatures in a background field 

6 hours 

H31 
Snow detection for flat land (snow 
mask) by VIS/NIR of SEVIRI  

SE-D-
SEVIRI 

Output result every 24 h 3 hours 

H32 
Snow detection for flat land (snow 
mask) by VIS/NIR of AVHRR  

SE-G-
AVHRR 

Output result every 24 h 3 hours 

Table 3: Commitments related to Product Requirements ï Generation frequency and Timeliness (only for NRT products) 



 

Operations Report 

2020 S1/S2 

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

Version: 1.0 

Date: 25/06/2021 

Page: 26/226 
 

 

 

3 {ȅǎǘŜƳ ǇŜǊŦƻǊƳŀƴŎŜ 

 Products availability 

The availability (end-to-end) of the products was evaluated through the analysis of some data 

related to the production and dissemination of the products in relation to the maximum theoretical 

value. Here below a detailed description of the 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 semi-annual basis). 

The Successful Production (SP) counts the amount of products successfully generated and 

disseminated within the expected timeliness of each NRT product (the results will be shown both 

on a monthly and semi-annual basis). For the off-line products 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 Rate (SR) is calculated as SP/EP. It is expressed as a percentage value with a defined 

colour code to better identify results below, above or close to the threshold of 95%. The used colour 

code is the following: 

 

SR < 95% фр҈ Җ SR Җ фс҈ фс҈ Җ SR Җ млл҈ 

 

 EUMETCast Dissemination Timeline 

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

shown. These information are also summarized in Figure 1. 

- H03 and H08 dissemination via EUMETCast has been activated on 15/04/2011. 

- H01, H02 and H10 dissemination via EUMETCast has been activated on 26/04/2012. 

- H04 and H05 dissemination via EUMETCast has been activated on 27/03/2013; H04 

dissemination stopped since the 5th of November 2015 because H04 was declared an off-line 

product on 16th of June 2015 (following the outcomes of the H 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 become operational 

from December 2013 and the dissemination via EUMETCast was started at the end of July. 

Activation of H11 dissemination via EUMETCast has been postponed due to a re-design of the 

software to handle the uploading of H SAF products on the EUMETSAT FTP 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). 
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- H15 was officially declared as pre-operational on 16th of June 2015 (following the outcomes of 

the H SAF CDOP2 ORR1 part5 approved by H SAF Steering Group). The trial dissemination has 

been activated on the 1st of July 2015 with the support of EUMETSAT staff. The announcement 

to the users has been published on 8th of October 2015 and the related starting of the operative 

dissemination has been activated on 21st of October 2015 as final step of the trial period.  

-  "Snow Cover" (H31) and "EPS Daily Snow Cover" (H32) declared operational on the 26th of July 

2018  

- H02B was officially declared operative on the 17th of October 2019 

- H02A was dismissed on the 17th of October 2019 

- H03B and H05B was officially declared operative from the 14th of March 2019 

- H03A and H05A were dismissed on the 1st April 2019 

 

 

Figure 1: EUMETCast Dissemination Timeline - in green the dissemination period via EUMETCast 

Product
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3.2.1 Overall products generation and success rate 

The following tables show the overall results of products generation and performance for the two 

semesters of review period. 

 

 

(*) N.O. = Not operational 

Table 4: Overall products generation and success rate (1st Semester 2020) 

Whole period performance

ID Old Acronym New Acronym EP SP SR

H01

new rel .

PR-OBS-1

new rel .
P-IN-SSMIS 8388 8196 97,7%

H02B 17472 16313 93,4%

H03B 17472 16313 93,4%

H05B 5824 5024 86,3%

H15A PR-OBS-6A P-IN-SEVIRI-CO 17206 16717 97,2%

H08 SM-OBS-2 SSM-ASCAT-B NRT DIS8127 8100 99,7%

H10 SN-OBS-1 SE-E-SEVIRI 182 181 99,5%

H11 SN-OBS-2 WS-E 182 178 97,8%

H12 SN-OBS-3 FSC-E 182 181 99,5%

H13 SN-OBS-4 SWE-E 182 181 99,5%

H31 182 180 98,9%

H32 182 180 98,9%

H14 182 182 100,0%

H16 87360 87156 99,8%

H101 87360 86730 99,3%

H102 87360 86730 99,3%

H103 87360 87156 99,8%

97,6%

SE-D-SEVIRI

P-IN-MHS

SE-G-AVHRR

SM-DAS-2

SSM-ASCAT-B NRT 012.5

SSM-ASCAT-A NRT 012.5

SSM-ASCAT-A NRT 025

SSM-ASCAT-B NRT 025

AVERAGE

Product Semester 2020-S1

P-IN-SEVIRI

P-AC-SEVIRI
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(*)D = Dismissed 

Table 5: Overall products generation and success rate (2nd Semester 2020)  

Where:  

¶ Average SR is ŎŀƭŎǳƭŀǘŜŘ ŀǎΥ ʅ {wƛ κ ƴ   with (i:1..n ,  n = num. products) 

 

Whole period performance

ID Old Acronym New Acronym EP SP SR

H01

new rel .

PR-OBS-1

new rel .
P-IN-SSMIS 9016 8956 99,3%

H02B 5520 5466 99,0%

H03B 17664 17622 99,8%

H05B 5888 5886 100,0%

H15A PR-OBS-6A P-IN-SEVIRI-CO 17664 17598 99,6%

H08 SM-OBS-2 SSM-ASCAT-B NRT DIS8238 8197 99,5%

H10 SN-OBS-1 SE-E-SEVIRI 184 181 98,4%

H11 SN-OBS-2 WS-E 184 177 96,2%

H12 SN-OBS-3 FSC-E 184 184 100,0%

H13 SN-OBS-4 SWE-E 184 183 99,5%

H31 184 184 100,0%

H32 184 184 100,0%

H14 184 184 100,0%

H16 88320 88179 99,8%

H101 88320 88018 99,7%

H102 88320 88018 99,7%

H103 88320 88200 99,9%

99,4%

SE-G-AVHRR

AVERAGE

Product Semester 2020-S2

P-IN-MHS

SSM-ASCAT-B NRT 012.5

SSM-ASCAT-A NRT 025

SSM-ASCAT-A NRT 012.5

SSM-ASCAT-B NRT 025

P-IN-SEVIRI

P-AC-SEVIRI

SE-D-SEVIRI

SM-DAS-2
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The άAverage SRέ is the average value of the Success Rates of each generation chain; this value is 

not influenced by the generation frequency of the chains since the principle is that chains have the 

same weight in the computation. 

The following figures show a plot of the overall value of SRs for each product and the total average 

as described before. 

 

 
Figure 2: Overall success rate (per product and total average) ï 1st Semester 2020 

 

 

Figure 3: Overall success rate (per product and total average) ï 2nd  Semester 2020 
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3.2.2 EUMETCast dissemination 

 

The product dissemination here reported is referred to the amount of products, which have been 

uploaded (in and out of timeliness), by the H SAF central facilities, to EUMETSAT FTP server for the 

dissemination via EUMETCast.  

 

 
Table 6: Products dissemination via EUMETCast. ï 1st Semester 2020 

 

 

 

 

 

 

 

ID Old Acronym New Acronym 2020-01 2020-02 2020-03 2020-04 2020-05 2020-06 TOT

H01

new rel .

PR-OBS-1

new rel .
P-IN-SSMIS 1495 1290 1319 1400 1390 1470 8364

H02B 930 862 919 872 930 900 5413

H03B 2955 2706 2862 2811 2950 2103 16387

H05B 833 830 941 738 836 872 5050

H15A PR-OBS-6A P-IN-SEVIRI-CO 2907 2695 2911 2722 2775 2769 16779

H08 SM-OBS-2 SSM-ASCAT-B NRT DIS1385 1296 1391 1338 1389 1326 8125

H10 SN-OBS-1 SE-E-SEVIRI 31 29 31 30 31 29 181

H11 SN-OBS-2 WS-E 31 28 31 30 31 27 178

H12 SN-OBS-3 FSC-E 31 29 31 30 31 29 181

H13 SN-OBS-4 SWE-E 31 29 31 30 31 29 181

H31 31 29 29 30 31 30 180

H32 31 29 29 30 31 30 180

H14 31 29 31 30 31 30 182

H16 14856 13918 14794 14396 14877 14315 87156

H101 14855 13889 14374 14390 14853 14369 86730

H102 14855 13889 14374 14390 14853 14369 86730

H103 14856 13918 14794 14396 14877 14315 87156

Products disseminated via FTP

SSM-ASCAT-B NRT 012.5

SSM-ASCAT-A NRT 012.5

SSM-ASCAT-A NRT 025

SSM-ASCAT-B NRT 025

Product

P-IN-SEVIRI

P-AC-SEVIRI

SM-DAS-2

SE-D-SEVIRI

SE-G-AVHRR

P-IN-MHS
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Table 7: Products dissemination via EUMETCast. ï 2nd Semester 2020 

 

3.2.3 Monthly detailed performance 

In this section are shown the availability of H SAF products on a monthly basis. Please note that the 

values of SP in the table are calculated on the basis of the time reported by the dissemination tool 

(AFD tool) within the expected timeliness. All NRT products, that have been disseminated after the 

expected timeliness, have not been included in the sum to obtain the related SP value.  

Concerning the value of the timeliness used to compute the SP results, it has been considered the 

values reported in Table 3 όŀǎ ŘŜŦƛƴŜŘ ƛƴ ά{!CκI{!Cκ{Ŝ{ǇŜκмΦ11έύ with a fixed offset of five minutes 

(as the estimated average time for uploading data on the EUMETSAT FTP server). In Figure 4, it is 

shown the sequence of events that contribute to the definition of the value of H-SAF timeliness (T3-

T0) and the time range used to compute the SP results (T2-T0).  More in detail, an NRT product is 

ŎƻƴǎƛŘŜǊŜŘ άǎǳŎŎŜǎǎŦǳƭƭȅ ǇǊƻŘǳŎŜŘέ όǇŀǊǘƛŎƛǇŀǘƛƴƎ ǘƻ ǘƘŜ {t Ŧƛƴŀƭ ǊŜǎǳƭǘύ ƛŦ ƛǘ ƛǎ ǎǳŎŎŜǎǎŦǳƭƭȅ ǳǇƭƻŀŘŜŘ 

on the H SAF FTP server within (T2-T0) time range. 

ID Old Acronym New Acronym 2020-07 2020-08 2020-09 2020-10 2020-11 2020-12 TOT

H01

new rel .

PR-OBS-1

new rel .
P-IN-SSMIS 1519 1519 1470 1519 1469 1519 9015

H02B 921 923 900 903 895 927 5469

H03B 2963 2975 2880 2967 2874 2963 17622

H05B 991 992 960 992 960 991 5886

H15A PR-OBS-6A P-IN-SEVIRI-CO 2968 2972 2880 2969 2872 2940 17601

H08 SM-OBS-2 SSM-ASCAT-B NRT DIS1384 1383 1346 1379 1349 1367 8208

H10 SN-OBS-1 SE-E-SEVIRI 31 28 30 31 30 31 181

H11 SN-OBS-2 WS-E 31 26 30 30 30 30 177

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

H13 SN-OBS-4 SWE-E 31 31 30 30 30 31 183

H31 31 31 30 31 30 31 184

H32 31 31 30 31 30 31 184

H14 31 31 30 31 30 31 184

H16 14832 14876 14366 14863 14383 14859 88179

H101 14818 14838 14369 14783 14344 14866 88018

H102 14818 14838 14369 14783 14344 14866 88018

H103 14856 14873 14366 14863 14383 14859 88200

SSM-ASCAT-A NRT 025

SSM-ASCAT-B NRT 025

SSM-ASCAT-A NRT 012.5

Products disseminated via FTPProduct

SE-D-SEVIRI

SE-G-AVHRR

SM-DAS-2

SSM-ASCAT-B NRT 012.5

P-IN-MHS

P-IN-SEVIRI

P-AC-SEVIRI
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Figure 4: H-SAF Timeliness decomposition 

Where: 

- T0 is the starting processing time (it is extracted from the outputs of operational chain ς note 

ǘƘŀǘ ǘƘŜ άǘƛƳŜ ǘŀƎέ ƛƴ ŜŀŎƘ ŦƛƭŜ ƴŀƳŜ Ŏŀƴƴƻǘ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ǘƘŜ ǎǘŀǊǘƛƴƎ ǇǊƻŎŜǎǎƛƴƎύ; 

- T1 is the end of data processing; 

- T2 is the time when the product is completely uploaded on the H SAF FTP server (it is extracted 

from the FTP logs); 

- T3 is the time when the product is completely uploaded on the EUMETSAT FTP server. 
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The tables below show the monthly detailed performance in the two semesters of the period of interest: 

 
(*)D = Dismissed 

(*)N.O. = Not operational 

Table 8: Monthly detailed performances ï 1st Semester 2020 

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

ID Old Acronym New Acronym EP SP SR EP SP SR EP SP SR EP SP SR EP SP SR EP SP SR

H01

new rel .

PR-OBS-1

new rel .
P-IN-SSMIS 1519 1466 96,5% 1290 1261 97,8% 1319 1286 97,5% 1400 1374 98,1% 1390 1339 96,3% 1470 1470 100,0%

H02B 930 930 100,0% 870 862 99,1% 930 919 98,8% 900 872 96,9% 930 930 100,0% 900 900 100,0%

H03B 2976 2944 98,9% 2784 2706 97,2% 2976 2850 95,8% 2880 2810 97,6% 2976 2900 97,4% 2880 2103 73,0%

H05B 992 825 83,2% 928 829 89,3% 992 936 94,4% 960 734 76,5% 992 836 84,3% 960 864 90,0%

H15A PR-OBS-6A P-IN-SEVIRI-CO 2976 2888 97,0% 2784 2694 96,8% 2976 2898 97,4% 2780 2719 97,8% 2810 2775 98,8% 2880 2743 95,2%

H08 SM-OBS-2 SSM-ASCAT-B NRT DIS1385 1381 99,7% 1296 1294 99,8% 1393 1375 98,7% 1338 1338 100,0% 1389 1388 99,9% 1326 1324 99,8%

H10 SN-OBS-1 SE-E-SEVIRI 31 31 100,0% 29 29 100,0% 31 31 100,0% 30 30 100,0% 31 31 100,0% 30 29 96,7%

H11 SN-OBS-2 WS-E 31 31 100,0% 29 28 96,6% 31 31 100,0% 30 30 100,0% 31 31 100,0% 30 27 90,0%

H12 SN-OBS-3 FSC-E 31 31 100,0% 29 29 100,0% 31 31 100,0% 30 30 100,0% 31 31 100,0% 30 29 96,7%

H13 SN-OBS-4 SWE-E 31 31 100,0% 29 29 100,0% 31 31 100,0% 30 30 100,0% 31 31 100,0% 30 29 96,7%

H31 31 31 100,0% 29 29 100,0% 31 29 93,5% 30 30 100,0% 31 31 100,0% 30 30 100,0%

H32 31 31 100,0% 29 29 100,0% 31 29 93,5% 30 30 100,0% 31 31 100,0% 30 30 100,0%

H14 31 31 100,0% 29 29 100,0% 31 31 100,0% 30 30 100,0% 31 31 100,0% 30 30 100,0%

H16 14880 14856 99,8% 13920 13918 100,0% 14880 14794 99,4% 14400 14396 100,0% 14880 14877 100,0% 14400 14315 99,4%

H101 14880 14855 99,8% 13920 13889 99,8% 14880 14374 96,6% 14400 14390 99,9% 14880 14853 99,8% 14400 14369 99,8%

H102 14880 14855 99,8% 13920 13889 99,8% 14880 14374 96,6% 14400 14390 99,9% 14880 14853 99,8% 14400 14369 99,8%

H103 14880 14856 99,8% 13920 13918 100,0% 14880 14794 99,4% 14400 14396 100,0% 14880 14877 100,0% 14400 14315 99,4%

70515 70073 99,4% 65835 65462 99,4% 70323 68813 97,9% 68068 67629 99,4% 70224 69845 99,5% 68226 66976 98,2%

98,5% 98,6% 97,7% 98,0% 98,6% 96,3%

SE-D-SEVIRI

SE-G-AVHRR

SM-DAS-2

P-IN-MHS

SSM-ASCAT-B NRT 012.5

SSM-ASCAT-B NRT 025

OVERALL

AVERAGE (per month)

Product

P-IN-SEVIRI

P-AC-SEVIRI

SSM-ASCAT-A NRT 025

SSM-ASCAT-A NRT 012.5

2020-062020-01 2020-02 2020-03 2020-04 2020-05
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(*)D = Dismissed 

(*)N.O. = Not operational 

Table 9: Monthly detailed performances ï 2nd Semester 2020 

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

ID Old Acronym New Acronym EP SP SR EP SP SR EP SP SR EP SP SR EP SP SR EP SP SR

H01

new rel .

PR-OBS-1

new rel .
P-IN-SSMIS 1519 1519 100,0% 1519 1519 100,0% 1470 1470 100,0% 1519 1519 100,0% 1470 1410 95,9% 1519 1519 100,0%

H02B 930 921 99,0% 930 923 99,2% 900 900 100,0% 930 900 96,8% 900 895 99,4% 930 927 99,7%

H03B 2976 2963 99,6% 2976 2975 100,0% 2880 2880 100,0% 2976 2967 99,7% 2880 2874 99,8% 2976 2963 99,6%

H05B 992 991 99,9% 992 992 100,0% 960 960 100,0% 992 992 100,0% 960 960 100,0% 992 991 99,9%

H15A PR-OBS-6A P-IN-SEVIRI-CO 2976 2968 99,7% 2976 2972 99,9% 2880 2880 100,0% 2976 2969 99,8% 2880 2869 99,6% 2976 2940 98,8%

H08 SM-OBS-2 SSM-ASCAT-B NRT DIS1384 1382 99,9% 1394 1383 99,2% 1346 1346 100,0% 1381 1377 99,7% 1349 1345 99,7% 1384 1364 98,6%

H10 SN-OBS-1 SE-E-SEVIRI 31 31 100,0% 31 28 90,3% 30 30 100,0% 31 31 100,0% 30 30 100,0% 31 31 100,0%

H11 SN-OBS-2 WS-E 31 31 100,0% 31 26 83,9% 30 30 100,0% 31 30 96,8% 30 30 100,0% 31 30 96,8%

H12 SN-OBS-3 FSC-E 31 31 100,0% 31 31 100,0% 30 30 100,0% 31 31 100,0% 30 30 100,0% 31 31 100,0%

H13 SN-OBS-4 SWE-E 31 31 100,0% 31 31 100,0% 30 30 100,0% 31 30 96,8% 30 30 100,0% 31 31 100,0%

H31 31 31 100,0% 31 31 100,0% 30 30 100,0% 31 31 100,0% 30 30 100,0% 31 31 100,0%

H32 31 31 100,0% 31 31 100,0% 30 30 100,0% 31 31 100,0% 30 30 100,0% 31 31 100,0%

H14 31 31 100,0% 31 31 100,0% 30 30 100,0% 31 31 100,0% 30 30 100,0% 31 31 100,0%

H16 14880 14832 99,7% 14880 14876 100,0% 14400 14366 99,8% 14880 14863 99,9% 14400 14383 99,9% 14880 14859 99,9%

H101 14880 14818 99,6% 14880 14838 99,7% 14400 14369 99,8% 14880 14783 99,3% 14400 14344 99,6% 14880 14866 99,9%

H102 14880 14818 99,6% 14880 14838 99,7% 14400 14369 99,8% 14880 14783 99,3% 14400 14344 99,6% 14880 14866 99,9%

H103 14880 14856 99,8% 14880 14873 100,0% 14400 14366 99,8% 14880 14863 99,9% 14400 14383 99,9% 14880 14859 99,9%

70514 70285 99,7% 70524 70398 99,8% 68246 68116 99,8% 70511 70231 99,6% 68249 68017 99,7% 70514 70370 99,8%

99,8% 98,3% 99,9% 99,3% 99,6% 99,6%

OVERALL

AVERAGE (per month)

2020-12

SSM-ASCAT-A NRT 012.5

Product

P-IN-SEVIRI

P-IN-MHS

P-AC-SEVIRI

SE-D-SEVIRI

SE-G-AVHRR

SM-DAS-2

SSM-ASCAT-B NRT 012.5

SSM-ASCAT-A NRT 025

SSM-ASCAT-B NRT 025

2020-07 2020-08 2020-09 2020-10 2020-11
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Figure 5: Success rate, monthly detailed performance (per product) ï aggregated plot ï 1st Semester 2020 

 

Figure 6: Success rate, monthly detailed performance (per product) ï aggregated plot ï 2nd Semester 2019 
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Figure 7: Success rate, monthly detailed performance (overall) ï 1st Semester 2020 

 

 
Figure 8: Success rate, monthly detailed performance (overall) ï 2nd Semester 2020 

 

In tables Table 10 and Table 11 the scores related to the Out of timeliness and the Lost files are 

reported for each semester. 
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Table 10: Out of Timeliness and Lost files - 1st Semester 2020 

 

 
Table 11: Out of Timeliness and Lost files ï 2nd Semester 2020 

 

ID Old Acronym New Acronym OOT% Lost % OOT% Lost % OOT% Lost % OOT% Lost % OOT% Lost % OOT% Lost %

H01

new rel .

PR-OBS-1

new rel .
P-IN-SSMIS 1,9% 1,58% 2,2% 0,00% 2,5% 0,00% 1,9% 0,00% 3,7% 0,00% 0,0% 0,00%

H02B 0,0% 0,00% 0,0% 0,92% 0,0% 1,18% 0,0% 3,11% 0,0% 0,00% 0,0% 0,00%

H03B 0,4% 0,71% 0,0% 2,80% 0,4% 3,83% 0,0% 2,40% 1,7% 0,87% 0,0% 26,98%

H05B 0,8% 16,03% 0,1% 10,56% 0,5% 5,14% 0,4% 23,13% 0,0% 15,73% 0,8% 9,17%

H15A PR-OBS-6A P-IN-SEVIRI-CO 0,6% 2,32% 0,0% 3,20% 0,4% 2,18% 0,1% 2,09% 0,0% 1,25% 0,9% 3,85%

H08 SM-OBS-2
SSM-ASCAT-B 

NRT DIS
0,3% 0,00% 0,2% 0,00% 1,1% 0,14% 0,0% 0,00% 0,1% 0,00% 0,2% 0,00%

H10 SN-OBS-1 SE-E-SEVIRI 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 3,33%

H11 SN-OBS-2 WS-E 0,0% 0,00% 0,0% 3,45% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 10,00%

H12 SN-OBS-3 FSC-E 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 3,33%

H13 SN-OBS-4 SWE-E 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 3,33%

H31 0,0% 0,00% 0,0% 0,00% 0,0% 6,45% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00%

H32 0,0% 0,00% 0,0% 0,00% 0,0% 6,45% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00%

H14 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00%

H16 0,0% 0,16% 0,0% 0,01% 0,0% 0,58% 0,0% 0,03% 0,0% 0,02% 0,0% 0,59%

H101 0,0% 0,17% 0,0% 0,22% 0,0% 3,40% 0,0% 0,07% 0,0% 0,18% 0,0% 0,22%

H102 0,0% 0,17% 0,0% 0,22% 0,0% 3,40% 0,0% 0,07% 0,0% 0,18% 0,0% 0,22%

H103 0,0% 0,16% 0,0% 0,01% 0,0% 0,58% 0,0% 0,03% 0,0% 0,02% 0,0% 0,59%

2020-05 2020-06

P-IN-MHS

P-IN-SEVIRI

P-AC-SEVIRI

Product 2020-01 2020-02 2020-03 2020-04

SSM-ASCAT-A NRT 025

SSM-ASCAT-B NRT 025

SE-D-SEVIRI

SE-G-AVHRR

SM-DAS-2

SSM-ASCAT-B NRT 012.5

SSM-ASCAT-A NRT 012.5

ID Old Acronym New Acronym OOT% Lost % OOT% Lost % OOT% Lost % OOT% Lost % OOT% Lost % OOT% Lost %

H01

new rel .

PR-OBS-1

new rel .
P-IN-SSMIS 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 4,0% 0,07% 0,0% 0,00%

H02B 0,0% 0,97% 0,0% 0,75% 0,0% 0,00% 0,3% 2,90% 0,0% 0,56% 0,0% 0,32%

H03B 0,0% 0,44% 0,0% 0,03% 0,0% 0,00% 0,0% 0,30% 0,0% 0,21% 0,0% 0,44%

H05B 0,0% 0,10% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,10%

H15A PR-OBS-6A P-IN-SEVIRI-CO 0,0% 0,27% 0,0% 0,13% 0,0% 0,00% 0,0% 0,24% 0,1% 0,28% 0,0% 1,21%

H08 SM-OBS-2 SSM-ASCAT-B NRT DIS 0,1% 0,00% 0,0% 0,79% 0,0% 0,00% 0,1% 0,14% 0,3% 0,00% 0,2% 1,23%

H10 SN-OBS-1 SE-E-SEVIRI 0,0% 0,00% 0,0% 9,68% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00%

H11 SN-OBS-2 WS-E 0,0% 0,00% 0,0% 16,13% 0,0% 0,00% 0,0% 3,23% 0,0% 0,00% 0,0% 3,23%

H12 SN-OBS-3 FSC-E 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00%

H13 SN-OBS-4 SWE-E 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 3,23% 0,0% 0,00% 0,0% 0,00%

H31 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00%

H32 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00%

H14 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00% 0,0% 0,00%

H16 0,0% 0,32% 0,0% 0,03% 0,0% 0,24% 0,0% 0,11% 0,0% 0,12% 0,0% 0,14%

H101 0,0% 0,42% 0,0% 0,28% 0,0% 0,22% 0,0% 0,65% 0,0% 0,39% 0,0% 0,09%

H102 0,0% 0,42% 0,0% 0,28% 0,0% 0,22% 0,0% 0,65% 0,0% 0,39% 0,0% 0,09%

H103 0,0% 0,16% 0,0% 0,05% 0,0% 0,24% 0,0% 0,11% 0,0% 0,12% 0,0% 0,14%

P-AC-SEVIRI

MDSC

EDSC

2020-12

P-IN-MHS

P-IN-SEVIRI

Product 2020-07 2020-08 2020-09 2020-112020-10

SSM-ASCAT-A NRT 025

SSM-ASCAT-B NRT 025

SM-DAS-2

SSM-ASCAT-B NRT 012.5

SSM-ASCAT-A NRT 012.5
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 Product archiving and dissemination 

Central systems at Leading Entity facilities are receiving products at regular basis. Products are 

primarily received from the generation chains at the FTP front end, which is a 2-ƳƻƴǘƘǎ άƻƴ-ƭƛƴŜέ 

time slot of availability of the products. 

Operational and pre-operational products are also archived centrally in a complete-ǇŜǊƛƻŘ άƻŦŦ-ƭƛƴŜέ 

archive. The H SAF archive is accessible by means of a web-based application "H SAF Data Centre" 

available at http://hsaf.meteoam.it/download-products.php on the H SAF website. This service 

allows all registered users to place an order and receive the access on required data by dedicated 

FTP server within three business days. 

 

3.3.1 Product archiving 

Product archiving information is here provided. Note that this table lists the number of products 

generated and successfully uploaded on the H SAF FTP considering in the total amount also products 

delivered after the expected timeliness (e.g. products generated and/or uploaded with a delay or 

reprocessed). 

¢ƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ǊŜŦŜǊǊŜŘ ǘƻ άStart of periodέΣ consists of the initial amount of products present at 

the front-end and archive hosts. 

Tables below shows the central archive capacity (off-line storage area), in terms of amount of 

products stored in the archive. An incremental accumulation of products is expected for this storage 

area. 

Please note: as established in the related Service Level Agreement, products H31 and H32 are 

archived in LSA SAF. 

http://hsaf.meteoam.it/download-products.php
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Table 12: Central archive capacity  - 1st Semester 2020 

 

ID Old Acronym New Acronym Amount Six-month increase

H01

new rel .

PR-OBS-1

new rel .
P-IN-SSMIS 79895 88368 8473

H02B 15644 21771 6127

H03B 34569 50570 16001

H05B 11621 17258 5637

H15A PR-OBS-6A P-IN-SEVIRI-CO 320079 353009 32930

H08 SM-OBS-2 SSM-ASCAT-B NRT DIS 141884 158176 16292

H10 SN-OBS-1 SE-E-SEVIRI 2803 2984 181

H11 SN-OBS-2 WS-E 4338 4516 178

H12 SN-OBS-3 FSC-E 4986 5167 181

H13 SN-OBS-4 SWE-E 5115 5295 180

H14 2549 2731 182

H16 627061 714237 87176

H101 621123 708333 87210

H102 605964 693173 87209

H103 611083 698260 87177

2958606 3363139 404533

P-IN-MHS

SSM-ASCAT-A NRT 025

SSM-ASCAT-B NRT 025

TOTAL

P-IN-SEVIRI

P-AC-SEVIRI

SM-DAS-2

SSM-ASCAT-B NRT 012.5

SSM-ASCAT-A NRT 012.5

Product Start of period 

(31/12/2019)

End of semester (30/06/2020)
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Table 13: Central archive capacity  - 2nd Semester 2020 

 

In the following table the product archiving integrity in terms of difference between the number of 

products successfully generated and the number of products properly archived is reported for each 

semester: 

 

 

 

 

 

ID Old Acronym New Acronym Amount Six-month increase

H01

new rel .

PR-OBS-1

new rel .
P-IN-SSMIS 79895 88368 8473

H02B 15644 21771 6127

H03B 34569 50570 16001

H05B 11621 17258 5637

H15A PR-OBS-6A P-IN-SEVIRI-CO 320079 353009 32930

H08 SM-OBS-2 SSM-ASCAT-B NRT DIS 141884 158176 16292

H10 SN-OBS-1 SE-E-SEVIRI 2803 2984 181

H11 SN-OBS-2 WS-E 4338 4516 178

H12 SN-OBS-3 FSC-E 4986 5167 181

H13 SN-OBS-4 SWE-E 5115 5295 180

H14 2549 2731 182

H16 627061 714237 87176

H101 621123 708333 87210

H102 605964 693173 87209

H103 611083 698260 87177

2958606 3363139 404533TOTAL

Product Start of period 

(31/06/2020)

End of semester (31/12/2020)

P-IN-MHS

P-IN-SEVIRI

P-AC-SEVIRI

SM-DAS-2

SSM-ASCAT-B NRT 012.5

SSM-ASCAT-A NRT 012.5

SSM-ASCAT-A NRT 025

SSM-ASCAT-B NRT 025
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Table 14: archiving integrity ï 1st Semester 2020 

 

 

 

 

ID Old Acronym New Acronym Archived
Timely

Produced
% Archived

Timely

Produced
% Archived

Timely

Produced
% Archived

Timely

Produced
% Archived

Timely

Produced
% Archived

Timely

Produced
%

H01

new rel.

PR-OBS-1

new rel.
P-IN-SSMIS 1494 1466 98,1% 1290 1261 97,8% 1326 1286 97,0% 1403 1374 97,9% 1363 1339 98,2% 1596 1470 92,1%

H02B 1476 930 63,0% 862 862 100,0% 919 919 100,0% 872 872 100,0% 983 930 94,6% 1015 900 88,7%

H03B 2957 2944 99,6% 2706 2706 100,0% 2850 2850 100,0% 2810 2810 100,0% 2900 2900 100,0% 2154 2103 97,6%

H05B 989 825 83,4% 889 829 93,3% 975 936 96,0% 935 734 78,5% 977 836 85,6% 875 864 98,7%

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

H08 SM-OBS-2 SSM-ASCAT-B NRT DIS1385 1381 99,7% 1296 1294 99,8% 1390 1375 98,9% 1338 1338 100,0% 1389 1388 99,9% 1326 1324 99,8%

H10 SN-OBS-1 SE-E-SEVIRI 31 31 100,0% 29 29 100,0% 31 31 100,0% 30 30 100,0% 31 31 100,0% 29 29 100,0%

H11 SN-OBS-2 WS-E 31 31 100,0% 28 28 100,0% 31 31 100,0% 30 30 100,0% 31 31 100,0% 27 27 100,0%

H12 SN-OBS-3 FSC-E 31 31 100,0% 29 29 100,0% 31 31 100,0% 30 30 100,0% 31 31 100,0% 29 29 100,0%

H13 SN-OBS-4 SWE-E 31 31 100,0% 29 29 100,0% 31 31 100,0% 30 30 100,0% 31 31 100,0% 29 29 100,0%

H31

H32

H14 31 31 100,0% 29 29 100,0% 31 31 100,0% 30 30 100,0% 31 31 100,0% 30 30 100,0%

H16 14875 14856 99,9% 13918 13918 100,0% 14794 14794 100,0% 14394 14396 100,0% 14874 14877 100,0% 14315 14315 100,0%

H101 14852 14855 100,0% 13889 13889 100,0% 14848 14374 96,8% 14389 14390 100,0% 14853 14853 100,0% 14369 14369 100,0%

H102 14855 14855 100,0% 13889 13889 100,0% 14852 14374 96,8% 14390 14390 100,0% 14853 14853 100,0% 14365 14369 100,0%

H103 14871 14856 99,9% 13918 13918 100,0% 14793 14794 100,0% 14394 14396 100,0% 14875 14877 100,0% 14314 14315 100,0%

SSM-ASCAT-B NRT 012.5

SSM-ASCAT-B NRT 025

SSM-ASCAT-A NRT 025

SSM-ASCAT-A NRT 012.5

P-AC-SEVIRI

SM-DAS-2

SE-D-SEVIRI

SE-G-AVHRR

06/202001/2020Product

P-IN-MHS

P-IN-SEVIRI

02/2020 03/2020 04/2020 05/2020
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Table 15: archiving integrity ï 2nd Semester 2020 

ID Old Acronym New Acronym Archieved
Timely

Produced
% Archieved

Timely

Produced
% Archieved

Timely

Produced
% Archieved

Timely

Produced
% Archieved

Timely

Produced
% Archieved

Timely

Produced
%

H01

new rel.

PR-OBS-1

new rel.
P-IN-SSMIS 1633 1519 93,0% 1661 1519 91,5% 1470 1470 100,0% 1619 1519 93,8% 1410 1410 100,0% 1615 1519 94,1%

H02A

new rel.
921 921 100,0% 923 923 100,0% 900 900 100,0% 899 900 100,1% 895 895 100,0% 929 927 99,8%

H02B 2964 2963 100,0% 2975 2975 100,0% 2880 2880 100,0% 2967 2967 100,0% 2874 2874 100,0% 2971 2963 99,7%

H03B 991 991 100,0% 992 992 100,0% 960 960 100,0% 992 992 100,0% 960 960 100,0% 992 991 99,9%

H05B P-AC-SEVIRI 2968 2968 100,0% 2972 2972 100,0% 2880 2880 100,0% 2969 2969 100,0% 2872 2869 99,9% 2939 2940 100,0%

H08 SM-OBS-2 SSM-ASCAT-B NRT DIS 1384 1382 99,9% 1387 1383 99,7% 1346 1346 100,0% 1380 1377 99,8% 1348 1345 99,8% 1366 1364 99,9%

H10 SN-OBS-1 SE-E-SEVIRI 31 31 100,0% 28 28 100,0% 30 30 100,0% 31 31 100,0% 30 30 100,0% 31 31 100,0%

H11 SN-OBS-2 WS-E 31 31 100,0% 26 26 100,0% 30 30 100,0% 30 30 100,0% 30 30 100,0% 30 30 100,0%

H12 SN-OBS-3 FSC-E 31 31 100,0% 31 31 100,0% 30 30 100,0% 31 31 100,0% 30 30 100,0% 31 31 100,0%

H13 SN-OBS-4 SWE-E 31 31 100,0% 31 31 100,0% 30 30 100,0% 30 30 100,0% 30 30 100,0% 31 31 100,0%

H31

H32

H14 31 31 100,0% 31 31 100,0% 30 30 100,0% 31 31 100,0% 30 30 100,0% 31 31 100,0%

H16 14822 14832 100,1% 14876 14876 100,0% 14371 14366 100,0% 14863 14863 100,0% 14383 14383 100,0% 14874 14859 99,9%

H101 14814 14818 100,0% 14831 14838 100,0% 14369 14369 100,0% 14783 14783 100,0% 14344 14344 100,0% 14866 14866 100,0%

H102 14817 14818 100,0% 14838 14838 100,0% 14369 14369 100,0% 14783 14783 100,0% 14344 14344 100,0% 14866 14866 100,0%

H103 14829 14856 100,2% 14873 14873 100,0% 14393 14366 99,8% 14863 14863 100,0% 14383 14383 100,0% 14878 14859 99,9%SSM-ASCAT-B NRT 025

SE-D-SEVIRI

SE-G-AVHRR

SM-DAS-2

SSM-ASCAT-B NRT 012.5

SSM-ASCAT-A NRT 012.5

SSM-ASCAT-A NRT 025

12/201907/2019 08/2019 09/2019 10/2019Product

P-IN-MHS

P-IN-SEVIRI

11/2019

PR-OBS-2A

new rel.
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3.3.2 FTP dissemination 

The accessibility of the products via FTP is centralised at COMET. The H SAF FTP server was recently 

upgraded to allow more efficient and comfortable access to the data. Among the new implemented 

features, the access to the restricted area of the web site and the access to the FTP server are 

possible using the same account. Users can also access and download products generated in the last 

60 days directly via the web site without the need of a dedicated FTP client 

(http://hsaf.meteoam.it/download-products.php). The new H-SAF FTP server 

ftp://ftphsaf.meteoam.it is accessible to authorized users for product download. 

Table below shows the FTP front-end capacity (on-line storage area), in terms of amount of products 

present in the archive. The availability of the products is guaranteed in about 65 Řŀȅǎ άƻƴ-ƭƛƴŜέ 

timeframe. 

 
Table 16: FTP front-end capacity 

 

3.3.3 Dissemination on-demand (H SAF Data Centre) 

On March 2015 the product dissemination on-demand has been activated via a web application 

ƴŀƳŜŘ άH SAF 5ŀǘŀ /ŜƴǘǊŜέ ŀŎŎŜǎǎƛōƭŜ ŀǘ http://hsaf.meteoam.it/download-products.php to all 

registered users. This tool provides all basic functions to carry out orders on H SAF historical 

archives. The orders placed are submitted for approval by the Central Services Staff, and processed 

within three working days. Since August 2015, some restrictions to the order requests have been 

ID Old Acronym New Acronym

H01

new rel.

PR-OBS-1

new rel.
P-IN-SSMIS 3159 3277 50,4

H02A

new rel.

PR-OBS-2A

new rel.
P-IN-MHS 6944 1434 22,1

H02B 2088 1400 31,6

H03A PR-OBS-3A P-IN-SEVIRI 6193 1741 26,8

H03B 5581 13000 80,9

H05A PR-OBS-5A P-AC-SEVIRI 4138 2380 36,6

H05B 2051 8700 76,1

H15A PR-OBS-6A P-IN-SEVIRI-CO 12376 384 5,9

H08 SM-OBS-2
SSM-ASCAT-B NRT 

DIS
2872 11264 173,3

H10 SN-OBS-1 SE-E-SEVIRI 65 104 1,6

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

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

H13 SN-OBS-4 SWE-E 65 3 0,05

H14 65 3788 58,3

H16 30930 7782 119,7

H101 30930 7782 119,7

H102 30930 7782 33,1

H103 30930 7782 33,1

SSM-ASCAT-A NRT 025

SSM-ASCAT-B NRT 025

Product On-line products 

availability [#] 
FTP NRT ( last 65 days)

P-IN-MHS

P-IN-SEVIRI

P-AC-SEVIRI

Daily Generation 
FTP NRT ( last 65 days)

Total Size [MB]
FTP NRT ( last 65 days)

SM-DAS-2

SSM-ASCAT-B NRT 012.5

SSM-ASCAT-A NRT 012.5

http://hsaf.meteoam.it/download-products.php
ftp://ftphsaf.meteoam.it/
http://hsaf.meteoam.it/download-products.php
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introduced to avoid an overload of FTP server and to optimize the data storage: the total amount of 

data required by a single user cannot exceed 20 GB per day. 

During 2020, 301 orders have been successfully processed with an average of 22,1 orders per 

month, for a total amount of ordered data of 2.5 TB, as shown below (blue bars): 
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Figure 9: Monthly size of ordered data in GB via H SAF data centre from Mar-2015 to December 2020. 

 

  



 

Operations Report 

2020 S1/S2 

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

Version: 1.0 

Date: 25/06/2021 

Page: 47/226 
 

 

 

 

Here following, a diagram showing the number of monthly orders since the activation of the service (March 2015) 

 
Figure 10: Monthly number of orders since the activation of the service (March 2015). 
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In the figure below the number of orders per product type is reported for each year: 

 

Figure 11: Number of orders per product type 

 

In the following figure the number of orders and the order percentage per product is reported for 

period 09/02/2015 ς 31/12/2020:  

 

Figure 12: Number of orders per product (period from 09/02/2015 to 31/12/2020) 
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Figure 13 below reports the orders percentage per product from 09/02/2015 ς 31/12/2020: 
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Figure 13:  Orders percentage per product (period from 09/02/2015 to 31/12/2019) 

 

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

 

Figure 14: Number of orders per product (year 2020) 

 

Figure 15 reports the orders percentage per product for the 2020:  
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Figure 15: Orders percentage per product (year 2020) 

 

 Anomalies and problems report 

Main problems encountered in the reporting period at the generation chains or at central facilities 

are here reported. Emphasis is put on problems that have determined an unsuccessful product 

generation and a decay of the product quality/performances. 

 

Product / Chain / 

System / Service 

 Period   Description and Planned Solution 

H05B 1st Semester 

2020 

This problem involve only files related to the 24h cumulated rain. After an 

investigation an issue has been found in the scripts of H05B operational 

chain. A lot of time is wasted waiting for the generation of the plots related 

to the previous time slot. A correction has been implemented after OR9 

(June 2020).  

H31 and H32 March 2020 Wrong configuration in satellite reception station the SAF products were 

not received at IPMA during almost 4 days in March 

H03B, H05B and 

H15 

June 2020 DVB dissemination software changed causing problem in the product 

generation. 

H02B, H03B and 

H05B 

October ς 

September 

2020 

Problem in dissemination  
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Product / Chain / 

System / Service 

 Period   Description and Planned Solution 

H10 , H11 June and  

August 2020 

Missing input data 

The August missing input data affected H11 as well since H10 is also input 

for H11. However, there are more missing data than in case with H10. 

Consequent days in June and August are due to missing input data (also 

radiometer) which were fixed. Fortunately June and August are not part of 

snow season used in validation (Oct-May). 

 

 Table 17: Anomalies and problems report 
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4 I {!C ¦ǎŜǊǎ 

The current total number of H SAF Users from different sources, either registered through the H SAF 

Web Portal and downloading products (last 60 days) using the H SAF FTP or subscribed to the 

EUMETCast service, is 1856 up to 31st December 2020 The detail is reported in the table below. 

 

User Type Number of Users 

H SAF Web / FTP   1888 up to 31th December 2020 

EUMETCast 532 up to 31th December 2019  

Table 18: Number of H SAF Users 

 

In the following Figure 16 the diagram of the H SAF Users increase (web, ftp and EUMETCast) is 

depicted. It can be noted how the H SAF Users community has kept increasing on a constant and 

continuous basis. 

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

users are removed from the users list. 

 
Figure 16: Trend of increase in number of H SAF users (web/ftp/EUMETCast data up to June 2020) 

 

In the following graphic, instead, is reported the trend focused on EUMETCast users, in order to 

show the increase of the trend during the reference period for this subset of users. 
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Figure 17: Trend of increase in number of H SAF EUMETCast (data up to December 2020) 

 

Table 12: User communitiesô feedback 

 Users communities 

In this section the different communities of users within H SAF are described. 

The diagram below provides an overview of the distribution by institution of H SAF Users. 

 

User description Feedback 

Generic user  Generic Support 

User belonging to the scientific community Scientific background  

User belonging to the scientific community, involved 

and/or interested in product validation activities 

Product  Quality and Availability  
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Figure 18: Distribution by institution 

 

Also, it is interesting distinguish users by regional area: users pertaining to the H SAF Area represent 

the 84% of the total number of users, the remaining 16% are users from outside the H SAF Area, in 

particular the 12% are from outside Europe. 

 

 Help desk response 

In the reporting period 46 requests have been submitted to help desk which required a response. 

All responses have been provided, with following response time: 

- 32 answers have been provided within 2 working days; 

- 3 answers have been provided within 3 working days; 

- 6 answers have been provided within 5 working days; 

- 5 answer has been provided beyond 5 working days. 

 

 Web-site 

(Link to the web site:  http://hsaf.meteoam.it) 

It is highlighted that an overall re-engineering of the H SAF website has been implemented; the new 

version of the website has been released for beta-testing on 19 June 2020 to a selected group of 

internal users which will verify the overall functionalities and provide feedbacks. The beta-testing 

will last approximately two weeks; after that, the received feebacks will be implemented as far as 

possible, and the updated release will be put online for the public.. 

For this reason, all main improvements and implementations have been addressed to the new 

website, limiting the modifications of the current website to: 

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

¶ back-office activities: news updates/publication, documents release/update 
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This section provides the assessment of the products in terms of product performances against the 

Service Specification product quality requirements. Statistics are here shown (text, tables, figures 

and diagrams) along 12-months period, for precipitation, soil moisture and snow products.  Within 

ǘƘƛǎ ǇŜǊƛƻŘ ǘƘŜ άǎƴƻǿ ǎŜŀǎƻƴέ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ŦƻǊ ǎƴƻǿ products validation purposes: it is in the period 

1st of October ς 31st of May. Further detailed results of the Quality Assessment are reported in 

Appendix 2Appendix 1. 

Statistics are obtained from the outcomes of the H SAF continuous validation service. The Product 

Validation Group (PVG) is composed of experts from the National Meteorological and Hydrological 

Institutes of Austria, Belgium, Bulgaria, Finland, France, Germany, Hungary, Italy, Poland, Slovakia, 

and Turkey, under the coordination of the Italian Civil Protection Department (DPC).  

Commitments related to product quality assessment and validation are identified in the Service 

Specification document; main commitments are: SS-QUA-0010, SS-VAL-0020, SS-VAL-0030. 

 

 Precipitation Products Quality Assessment 

The Precipitation Product Validation Group (PPVG) is composed by experts in Hydrology, 

Meteorology and in precipitation, snow and soil moisture ground (GRD) data, coming from 8 

European countries. Institutes involved in the quality assessment activities on precipitation products 

are listed in the following table: 

 

Country (Acronyms) Institutes 

Belgium (BE) RMI 

Bulgaria (BG) NIMH 

Germany (DE) BfG 

Hungary (HU) OMSZ 

Italy (IT) DPC, Uni-Bo 

Poland (PL) IMWM 

Slovakia (SK) SHMU 

Turkey (TR) ITU 

Table 19: Precipitation products validation group (PPVG): countries and institutes 
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PPVG evaluates yearly the operational precipitation products (PP) to guarantee a continuous high-

level quality standard. The actually operational PP are: 

P-IN-SSMIS (H01 new release): Precipitation rate at ground by MW conical scanners; 

P-IN-MHS (H02B): Precipitation rate at ground by MW cross track scanners; 

P-IN-SEVIRI (H03B): Precipitation rate at ground by GEO/IR supported by LEO/MW; 

P-AC-SEVIRI (H05B): Accumulated precipitation at ground by blended MW and IR; 

P-AC-SEVIRI-CO (H15A): Blended SEVIRI Convection area/ LEO MW Convective Precipitation. 

 

The validation process is based on the comparison with precipitation measurements by GRD station 

over the European (EU) area and with precipitation estimates by radar aboard satellite platforms 

over wide spreader coverages, typically over MeteoSat Full Disk (FD) area. Both methodologies and 

data used to validate the operational PP are below descripted in detail. 

 

 

Validation methodology over European area 
 

In order to make the results obtained by several institutes comparable and to better understand 

their meanings it was developed a common validation procedure among participating institutes. 

The main steps of this methodology have been identified in collaboration with the product 

developers, and with the support of ground data experts. This procedure is based on GRD data 

(radar and rain gauge) comparisons to produce yearly large statistic (multi-categorical and 

continuous). The statistical analysis of the product accuracy is here reported to assess the user 

requirement compliance. 

All the various steps related to Validation activity have been defined, bringing to the development 

of specific algorithms dedicated to: 

Å Quality filtering applied to GRD reference: 

¶ RadaǊ όά5ŜŦƛƴƛǘƛƻƴ ŀƴŘ ƛƳǇŀŎǘ ƻŦ ŀ ǉǳŀƭƛǘȅ ƛƴŘŜȄ ŦƻǊ ǊŀŘŀǊ-based reference 

measurements in the H-{!C ǇǊŜŎƛǇƛǘŀǘƛƻƴ ǇǊƻŘǳŎǘ ǾŀƭƛŘŀǘƛƻƴέΣ wƛƴƻƭƭƻ Ŝǘ ŀƭΦΣ нлмоΤ 

άhƴ ǘƘŜ ǳǎŜ ƻŦ Řǳŀƭ-polarized C-band radar for operational rainfall retrieval in 

Ƴƻǳƴǘŀƛƴƻǳǎ ŀǊŜŀǎέΣ ±ulpiani et al., 2012); 

¶ wŀƛƴ ƎŀǳƎŜǎ όάhƴ ǘƘŜ ǳƴŎŜǊǘŀƛƴǘƛŜǎ ƛƴ ǾŀƭƛŘŀǘƛƴƎ ǎŀǘŜƭƭƛǘŜ ƛƴǎǘŀƴǘŀƴŜƻǳǎ ǊŀƛƴŦŀƭƭ 

ŜǎǘƛƳŀǘŜǎ ǿƛǘƘ ǊŀƛƴƎŀǳƎŜ ƻǇŜǊŀǘƛƻƴŀƭ ƴŜǘǿƻǊƪέΣ tƻǊŎǴΣ aƛƭŀƴƛΣ tŜǘǊŀŎŎŀΣ нлмпύΤ 

Å Interpolation techniques of in situ data: 

¶ GRISO (Pignone et al., 2010) is an improved Kriging-based technique implemented 

by the International Centre on Environmental Monitoring (CIMA Research 
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CƻǳƴŘŀǘƛƻƴύΦ ό{ŜŜ ά¢ƘŜ ǾŀƭƛŘŀǘƛƻƴ ǎŜǊǾƛŎŜ ƻŦ ǘƘŜ ƘȅŘǊƻƭƻƎƛŎŀƭ {!C ƎŜƻǎǘŀǘƛƻƴŀǊȅ ŀƴŘ 

polar satellite preciǇƛǘŀǘƛƻƴ ǇǊƻŘǳŎǘǎέΣ tǳŎŀ Ŝǘ ŀƭΦΣ нлмпύΤ 

Å Up-scaling of GRD data versus satellite grid (SSMIS, AMSU, SEVIRI); 

¶ Since the 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 

available to the users, and to avoid remapping and local smoothing (Puca et al., 

2014, Petracca et al., 2018); 

Å Evaluation of Statistical indexes: 

¶ Precipitation rates below 1 mm hҍм for rain intensity products and below 1 mm for 
cumulated rainfall products are not evaluated. For the measurements above this 
value, three precipitation thresholds are introduced for instantaneous rain rate 
products (Table 22) and three for cumulated products (Table 23). Continuous (Table 
24) and multi-categorical (Table 28) statistics are calculated on monthly/seasonal 
and yearly base. 

 

All the algorithms have been implemented in the framework of common code named Unique 

Common Code (UCC), used by all the participants of H SAF PPVG, with the purpose to generate 

yearly the reference datasets for the various ground fields. 

 

Ground reference data 
 

The PPVG uses both rain gauge and radar data for validation of PP over EU area.  

 

The PPVG rain gauge network is composed of more than 8,404 nominal stations across 8 Countries 

(see Figure 19).  
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Figure 19: The network of more 8,400 rain gauges used by PPVG 

 

A key characteristic of such networks is the distance between each rain gauge and the closest one, 

averaged over all the instruments considered in the network: it is inversely correlated with the rain 

gauge spatial density. Instruments number and average minimum distance are summarized in Table 

20. 

Country Total number of gauges * 
Average minimum 

distance (km) 

Belgium 92 15.2 

Bulgaria 123 25.2 

Germany 2,299 12.9 

Hungary 270 17.0 

Italy 2,934 11.3 

Poland 540 24.0 

Slovakia 911 13.6 

Turkey 1,235 26.5 

* the number of rain gauges could vary from day to day due to operational 

efficiency within a maximum range of 10-15%. 

Table 20: Number and density of rain gauges available in the PPVG 
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Most of the gauges used in the National networks by the PPVG partners are of the tipping bucket 

type, and one-hourly cumulated. 

 

71 C-band radars (Figure 20) are used by the H-SAF PPVG for assessing the satellite product 

accuracy. An inventory on radar data networks and products used in PPVG has pointed out that all 

the institutes involved in the PPVG 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 for validation 

activities. Please note that the Validation procedure is the same for all countries of PPVG. 

 
Figure 20: The networks of 71 C-band radars available in the PPVG 

Instruments number and average minimum distance in each country are summarized in Table 21. 

 

Country Total number of radar 
Average minimum 

distance (km) 

Belgium 1 - 

Bulgaria - - 

Germany 16 163 

Hungary 4 190 

Italy 22 141 
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Poland 8 186 

Slovakia 4 137 

Turkey 16 253 

Table 21: Number and density of radars available in the PPVG 

 

Comparison over Full Disk area 
The comparison over the MSG FD area is performed by DPC for all instantaneous PP. The 

methodology was developed in communion with European experts belonging to the PPVG. The 

comparison for instantaneous precipitation products is performed respect to DPR products freely 

available by the GPM website. The main steps of the procedure could be summarized as follows:  

¶ regridding of DPR and H SAF estimates over the same regular grid (0.5° equi-distance grid); 

¶ temporal and spatial matching between both precipitation data; 

¶ statistical scores (continuous and multi-categorical) evaluation; 

 

For accumulated PP the comparison with DPR (instantaneous) estimates is not valuable. For this 

type of PP the Triple-Colocation (TC) methodology is adopted. Colocation-based mathematical 

solutions have been increasingly applied to calculate unbiased estimates of product error variance 

and correlation coefficient in the absence of a high-quality benchmark dataset. Depending on the 

number of independent datasets available, a TC (requiring three datasets) analysis can be 

performed. Various applications of TC for rainfall product evaluations have demonstrated its value 

for evaluating satellite-based rainfall products ς particularly for global- and regional-scale studies 

that include data-scarce areas. TC analysis requires the availability of three datasets with mutually 

independent errors. To construct such a triplet, satellite and ground-based datasets can be 

combined with modeled precipitation fields from reanalysis products. For more details on TC 

analysis, please refer to the H SAF Visiting Scientist final report (F. Chen and W. T. Crow, Oct 2019). 

 

As for the methodology over the EU area, results are shown in form of figures, maps, and histograms 

charts in term of large statistical (multi-categorical and continuous) scores. 

 

Global precipitation reference data 

1. DPR 
The spatial coverage of both rain gauge and ground radar networks is not suitable to detect 

precipitation on a global scale. At the contrary, satellite observations provide estimates on a 

synoptic scale, although there are some issues related to their accuracy. It was discussed in the 
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Visiting Associated analysis (Sebastianelli, 2016) in comparison with ground radar network. The DPR 

is a Dual frequency Precipitation Radar located on board of the GPM Core Observatory.  

 

Figure 21: The GPM Core Observatory and the GMI and DPR ground tracks 

 

It uses the Ka (~35 GHz) and Ku bands (~13 GHz) to construct three-dimensional precipitation and 

drop size distribution maps. The GPM Core Observatory flies in a non-sun-synchronous orbit at 65° 

inclination to cover a larger latitudinal extension with respect to the TRMM orbit, which extended 

from 35°S to 35°N. Both Ku- and Ka-band radars perform cross-track type scans (perpendicular to 

the direction of the satellite motion) estimating the precipitation during the day and the night over 

land and ocean. The Ku-band radar performs a normal scan (NS) acquisition mode that is composed 

by 49 footprints (IFOV) of 5 km in diameter. In fact, away from the scanning center, footprints tend 

to widen and overlap (edge effects) because of a geometric distortion. The term swath indicates the 

width of each scan of 245 km. The range resolution is 250 m. The Ka-band radar can perform a 

matched scan (MS) or a high sensitivity scan (HS) acquisition mode. The MS footprints match the 

central 25 footprints of the Ku-band and the range resolution is 250 m. Therefore, MS scan is 

composed of 25 footprints of 5 km in diameter and the swath is 125 km. When Ka-band radar 

operates in HS mode footprints are interlaced with the matched beams, the range resolution is 500 

m and there are 24 footprints along a swath. Figure shows the different DPR scanning modes with 

respect the flight direction.  
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It must to be noted that the range resolution is different from the spatial resolution. In fact, the 

sampling is carried out for 19 km above the sea level and then along the vertical there are many 

footprints of 250 m height (range resolution). In addition, footprint size decreases as the sampling 

height increases due to the antenna aperture. The sampling distance between the centers of two 

adjacent footprints is 5.2 km, and it is constant throughout the scan to the edges. Apart the other 

problems which affects the DPR estimates, the main issues deal with the attenuation and the ground 

clutter. The K-band radar estimates are affected by attenuation when they sample through very 

intense precipitations (convective cells). Ground clutter is a non-meteorological echo which causes 

an overestimate of precipitations. 

DPR products (level 2A) referred to single frequency radar are 2A-Ku, 2A-Ka-MS and 2A-Ka-HS, as 

showed in figure below. 

 

 
Figure 22: Different DPR scanning modes with respect to the flight direction.  

The Normal Scan corresponds to Ka-band radar,  

whereas matched and high sensitivity scans are performed by Ka-band radar 

 

Three different DPR products combining Ka and Ku bands precipitation rate estimates (prEs) also 

exist depending on the IFOV to which data are referred. The IFOV can be related to the NS Ku-band, 

or to the MS or HS Ka-band, and the corresponding DPR products for prEs are 2A-DPR-NS, 2A-DPR-

MS and 2A-DPR-HS, respectively. Results of Visiting Associated activity highlight as 2A-DPR-NS 

product performs better with respect to ground-based radar estimates. For this reason, the prEs by 

2A-DPR-NS product (hereafter also referred as DPR-NS) was used as precipitation reference to 

validate the instantaneous H SAF satellite PP.  

 

For accumulated H SAF PP, the TC methodology requires two more global precipitation datasets in 

addition to the one to be evaluated. To perform this methodology, GPCC (Global Precipitation 

Climatology Centre, https://climatedataguide.ucar.edu/climate-data/gpcc-global-precipitation-

climatology-centre) and GLDAS (Global Land Data Assimilation System, 

https://ldas.gsfc.nasa.gov/gldas) projects were used. 
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2. GPCC 

 
The GPCC provides gridded gauge-analysis products derived from quality-controlled station data. In 

this analysis is used the GPCC First Guess Daily Product (hereafter named as GPCC): daily global land-

surface precipitation based on the station database (SYNOP) available via the Global 

Telecommunication System (GTS) of the World Meteorological Organization (WMO) at the time of 

analysis (3 - 5 days after end of the analysis month). This product contains the daily totals for a 

month on a regular latitude/longitude grid with a spatial resolution of 1.0° x 1.0° latitude by 

longitude.  

Interpolation is made for the daily relative quota of the monthly total, i.e., the daily total divided by 

the monthly total, the latter has the DOI:10.5676/DWD_GPCC/FG_M_100. The temporal coverage 

of the dataset ranges from January 2009 to the most recent month for which GTS based SYNOP data 

is available, i.e. the previous month, 3-5 days after its completion. In Figure 23 is shown an example 

of spatial extension and resolution of the GPCC product. 

 

 

Figure 23: Example of data available in GPCC. The daily precipitation data used in TC methodology have the spatial extent 

as shown in the figure and the spatial resolution of 1.0 degree 

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

NASA Global Land Data Assimilation System Version 2 (GLDAS-2) has three components: GLDAS-2.0, 

GLDAS-2.1, and GLDAS-2.2.  

GLDAS-2.0 is forced entirely with the Princeton meteorological forcing input data and provides a 

temporally consistent series from 1948 through 2014.  

GLDAS-2.1 is forced with a combination of model and observation data from 2000 to present.  

GLDAS-2.2 product suites use data assimilation (DA), whereas the GLDAS-2.0 and GLDAS-2.1 

products are "open-loop" (i.e., no data assimilation). The choice of forcing data, as well as DA 

observation source, variable, and scheme, vary for different GLDAS-2.2 products. 

The 3-hourly data product was simulated with the Noah Model 3.6 in Land Information System (LIS) 

Version 7. The data product contains 36 land surface fields from January 2000 to present.  

In this analysis GLDAS-2.1 data are used. These data are archived and distributed in NetCDF format 

(DOI:10.5067/E7TYRXPJKWOQ). In Figure 24 is shown an example of spatial extension and 

resolution of the GLDAS product used. 

 

Figure 24: Example of data available in GLDAS. The 3-hourly precipitation data used in TC methodology have the spatial 

extent as shown in the figure and the spatial resolution of 0.25 degree 
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4. Statistical scores 
The results of the common validation methodology are provided in form of large statistics and 

shown by means of figures, maps and histograms charts. Both multi-categorical and continuous 

statistical scores are computed to identify and highlight the existence, if present, of pathological 

behavior. 

 

In order to assess the instantaneous and cumulated precipitation products for different 

precipitation regimes the statistical scores are evaluated for different precipitation classes as 

descripted in Table 22 and Table 23 for instantaneous and cumulated precipitation products, 

respectively. 

 

Precipitation Class number Precipitation Rate Precipitation type 

0 PR < 0.25 mm/h No rain 

1 лΦнр Җ PR < 1 mm/h Light  

2 м Җ tw ғ мл ƳƳκƘ Stratiform  

3 PR җ 10 mm/h Convective  

Table 22: Classes for instantaneous rain rates 

 

 

Accumulated Precipitation 

Class number 

Daily accumulated rain 

0 CR < 1 mm/day 

1 /w җ м ƳƳκŘŀȅ 

2 /w җ р mm/day 

3 CR җ 10 mm/day 

Table 23: Classes for cumulated precipitation rain 

 

The impact of different background in the products performances are also taken into account. The 

statistical scores are calculated separately for land, sea and coast areas. The Precipitation Product 

Validation Leader collects all validation results as computed by European institutes, verifies the 

consistency of these results and evaluates the monthly and seasonal common statistical results as 

reported in OR and PVR documents. 
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Continuous statistics are provided for each month and season of assessment. The main statistical 

scores are here indicated: 

 

Score Acronym Range 
Perfect 

score 
Calculation 

Number of satellite 

samples 
NS N.A. N.A. N.A. 

Number of reference 

observations 

(radar/rain 

gauge/obs)  samples 

NR N.A. N.A. N.A. 

Mean Error or Bias ME - қ ǘƻ қ 0 
 

Mean Absolute Error 

 
MAE л ǘƻ қ 0 

 

Standard Deviation 

 
SD л ǘƻ қ 0 

 

Multiplicative Bias 

MBias 

or MB  

or Bias 

- қ ǘƻ қ 1  

Correlation 

Coefficient 
CC - 1 to 1 1 

 

Root Mean Square 

Error 

(or Root Mean Square 

Difference) 

RMSE or 

RMSD 
л ǘƻ қ 0 

 

Fractional Standard 

Error (%) 
FSE л ǘƻ қ 0 FSE = [RMSE / <obs>] *100% 

Table 24: Continuous statistical scores 

 

In the ǘŀōƭŜΣ ǘƘŜ ƛƴŘŜȄ άƪέ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǎǇŀǘƛŀƭ ŀƴŘ ǘŜƳǇƻǊŀƭ ƎǊƛŘ Ǉƻƛƴǘ ŀǘ ǘƘŜ ǎŎŀƭŜ ƻŦ ǘƘŜ ŎƻƳƳƻƴ 

ǊŜŦŜǊŜƴŎŜ ƎǊƛŘΦ άέ ŀƴŘ άέ ǎǘŀƴŘ ŦƻǊ ŀǾŜǊŀƎŜ ǊŀƛƴŦŀƭƭ ǾŀƭǳŜ ŀŎǉǳƛǊŜŘ ǊŜǎǇŜŎǘƛǾŜƭȅ ōȅ GRD 

(DPR) reference observations and satellite estimations for validation over EU (FD) area. 
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The FSE score represents the accuracy for all precipitation products. The User requirements are 

write in table: 

 

Accuracy for Pw җ м ƳƳκƘ όtw җ р ƳƳκƘ ŦƻǊ ŎƻƴǾŜŎǘƛǾŜ ǇǊƻŘǳŎǘύ 

Threshold Target Optimal 

FSE% Җ 200% FSE% Җ 150% FSE% Җ 100% 

Table 25: Precipitation products user requirements (UR) 

The FSE score is not appropriate to define the accuracy in the TC methodology. In this case the 

Correlation Coefficient (CC) is used to define the product accuracy with thresholds as below 

indicated: 

 

Accuracy for CR җ 0 mm/h 

Threshold Target Optimal 

CC = 0.50 CC = 0.65 CC = 0.80 

Table 26: UR for accumulated precipitation products using TC methodology over FD area 

 

Multi categorical statistics are derived by the following contingency table: 

 

   Reference  

  yes no total 

 yes hits false alarms forecast yes 

Satellite no misses correct negatives forecast no 

 total observed yes observed no total 

Table 27: Multi-categorical statistics contingency table 

 

where:  

¶ hit:    Satkҗwth and Obskҗwth  

¶ miss:   Satk<Rth and Obskҗwth  

¶ false alarm:   miss: Satkҗwth and Obsk<Rth  

¶ correct negative:  miss: Satk<Rth and Obsk<Rth 
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Rth ƛǎ ǘƘŜ ǘƘǊŜǎƘƻƭŘ ōŜǘǿŜŜƴ ǘƘŜ άǊŀƛƴέ ŀƴŘ άƴƻ Ǌŀƛƴέ ŎƻƴŘƛǘƛƻƴǎ ƛŘŜƴǘƛŦƛŜŘ ōȅ ŀ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ǾŀƭǳŜ 

equals to 0.25 mm/h for instantaneous precipitation rates and equals to 1 mm/day for accumulated 

precipitation. 

The scores evaluated from the contingency table are below indicated.  

 

Score Acronym Range 
Perfect 

score 
Calculation 

Probability Of 

Detection 
POD 0 to 1 1 

 

False Alarm Rate FAR 0 to 1 0 
 

Critical Success 

Index 
CSI 0 to 1 1  

Table 28: Multi-categorical statistics scores. 

 

  

yesobserved

hits

misseshits

hits
POD =

+
=

yesforecast

alarmsfalse
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alarmsfalse
FAR =

+
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alarmfalsemisseshits

hits
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5.1.1 Quality assessment for product P-IN-SSMIS (H01 new release)  

5.1.1.1 Overview 

Product ID (Acronym) H01 new rel. (P-IN-SSMIS) 

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

indication of phase) 

Algorithm version 

number 

Latest version: 1.7 

Version considered for Q.A.: 1.7 

Covered period 01/06/2019 ς 31/05/2020 

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

Multi-categorical 

statistics 

POD, FAR, CSI 

Contributing 

countries 

BE, BU, DE, HU, IT, PL, SK, TR 

 

Validation of P-IN-SSMIS product in relation with reference data over different extension areas are 

here shown. Validation has been performed over the full disk area in comparison with DPR estimates 

(5.1.1.2) and over European area in comparison with rain gauges and radar estimates (5.1.1.3). For 

both methodologies continuous and multi-categorical statistics are shown for the full one-year 

period as indicated above in the overview table.  

 

5.1.1.2 Ground validation over EU area 

The accuracy of P-IN-SSMIS product has been evaluated for GRD precipitation rates detected above 

1 mm/h (twҗм ƳƳκƘΣ ǇǊŜŎƛǇƛǘŀǘƛƻƴ Ŏƭŀǎǎ #1 of Table 22. Validation over Europe has been performed 

by 8 countries indicated in the overview table and supervised by Italian DPC. The validation 

procedure evaluates ƻƴƭȅ ƭƛǉǳƛŘ ǇƘŀǎŜ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ǿƛǘƘ ǉǳŀƭƛǘȅ άŦŀƛǊέ ƻǊ άƎƻƻŘέ (as indicated in the 

satellite product). Satellite Field Of Views not fully covered by GRD data (or with percentage of 

coverage less than 50%) are discarded by the Q.A. procedure in order to increase the significance of 

the statistical sample. Results are computed on 14 million pairs of satellite-ground data. 

 

 User requirement compliance 

In Table 29 ǘƘŜ ǳǎŜǊ ǊŜǉǳƛǊŜƳŜƴǘ ǘƘǊŜǎƘƻƭŘǎ ŦƻǊ tw җ м ƳƳκƘ ŀǊŜ ǊŜǇƻǊǘŜŘ ƻƴ ǘƘŜ ƭŜŦǘ ǎƛŘŜΦ ¢ƘŜ 

accuracy obtained for P-IN-SSMIS product during the validation period of reference with radar and 

rain gauge data is summarized. Results are below to the target (150%) for validation over land areas 
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(for both radar and gauge references) and for the overall comparison. The accuracy downgrades 

slightly exceeding the target (but not the threshold) in comparison with radar measurements over 

sea and coast areas. 

 

 

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

Precipitation 

Class 

Requirement (FSE %) Radar 

(Land) 

Radar 

(Sea) 

Radar 

(Coast) 

Gauge 

(Land) 
OVERALL 

thresh target optimal 

җ м ƳƳκƘ 200 150 100 140 186 168 129 146 

Table 29: UR and compliance analysis for P-IN-SSMIS product over EU area. 

 

 Monthly accuracy 

The product accuracy, in terms of FSE%, is shown in Figure 25 in comparison with radar (panel a) 

and rain gauge data (panel b). The overall results without any distinction between reference 

instruments are shown in panel c. In each panel the background colours highlight the requirement 

areas as indicated in the Table 29. The horizontal black lines show the corresponding FSE values 

computed for the full analyzed period. In the panel d is reported the percentage contribution of all 

reference data to the overall results, namely radar sea, radar land, radar coast and rain gauge data.  

 

Regarding the P-IN-SSMIS product validation with radar data (panel a), the monthly accuracy shows 

values ranging between 100% and 170% with a mean accuracy very close to the target value (150%).  

Focusing on the comparison with rain gauges (panel b), the accuracy of P-IN-SSMIS product ranges 

ōŜǘǿŜŜƴ млл ŀƴŘ мпл҈Υ ƛǘ ŘƻŜǎƴΩǘ ŜȄŎŜŜŘ ǘƘŜ ǘŀǊƎŜǘ ǾŀƭǳŜ όмрл҈ύ ŀƴŘ ǎƘƻǿǎ ŀ ƳŜŀƴ ŀŎŎǳǊŀŎȅ ǾŀƭǳŜ 

equals to 129%. Both radar and gauge results show similar trends: this implies an overall results, in 

panel c, with a monthly trend very similar to the previous ones. The overall accuracy for the products 

P-IN-SSMIS respect to GRD reference is very close and below to the target, with a FSE% equals to 

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

Finally, the contribution to the overall results is shown in the panel d: Radar data represent 74% of 

all results (60% land, 9% sea and 5% coast) while gauges results are limited to only 27%. Note: 

percentages are rounded and could be not normalized to 100%.  

 

Between target  

and optimal 

Between threshold 

and target 

Threshold exceeded 

by < 50 % 

Threshold exceeded  

ōȅ җ рл ҈ 
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Figure 25: P-IN-SSMIS annual validation using Radar (a) and Gauge (b) as ground reference. The Overall validation is 

shown in the panel c). Background colours highlight the User Requirement thresholds. The horizontal black line indicates 

the accuracy value computed for the full period. The single ground contributions are displayed in the panel d).  

 

The monthly continuous statistical scores separately analyzed for land, sea and coast areas in 

comparison with reference data for PR җ м ƳƳκƘ ŀǊŜ ǊŜǇƻǊǘŜŘ ƛƴ Figure A1. 

 

 Multi-Categorical statistics 

In the following tables, the first column indicates the precipitation classes of the satellite product, 

while along the columns are reported the GRD precipitation classes. The first class detects the no-

Ǌŀƛƴ Ŏƭŀǎǎ όлҖtwғлΦнр ƳƳκƘύΣ ǘƘŜ ǎŜŎƻƴŘ Ŏƭŀǎǎ ƛŘŜƴǘƛŦƛŜǎ ǘƘŜ ƭƛƎƘǘ Ǌŀƛƴ όлΦнрҖtwғм ƳƳκƘύΣ ǘƘe third 

Ŏƭŀǎǎ ŎƭŀǎǎƛŦƛŜǎ ǘƘŜ ǎǘǊŀǘƛŦƻǊƳ Ǌŀƛƴ ǊŀǘŜǎ όмҖtwғмл ƳƳκƘύΣ ǿƘƛƭŜ ǘƘŜ ƭŀǎǘ ƻƴŜ ǘƘŜ ŎƻƴǾŜŎǘƛǾŜ ǊŀǘŜǎ 

όtwҗмл ƳƳκƘύΦ  

The P-IN-SSMIS product well detects the no-rain area in over 98 of cases. Only the 5% of cases with 

light precipitation is well identified, with values between 1% over coast and 12% over sea areas. 

Stratiform rain rates are observed in the most part of cases (54%), with better performances in 
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comparison with radar estimates over land (57%). Finally, convective areas are detected in 29% of 

cases, with better performances with 46% of successes over sea. 

 

Radar Land | Sea | Coast 

Multi-Categorical Statistics 

P-IN-SSMIS vs GRD [0 - 0.25[ mm/h [0.25 - 1[ mm/h [1 - 10[ mm/h җмл ƳƳκƘ 

[0 - 0.25[ mm/h 97% 99% 98% 58% 58% 59% 38% 34% 37% 10% 8% 14% 

[0.25 - 1[ mm/h 1% 1% 0% 4% 12% 1% 2% 5% 0% 1% 1% 0% 

[1 - 10[ mm/h 2% 1% 1% 38% 28% 38% 57% 52% 54% 64% 45% 45% 

җмл ƳƳκƘ 0% 0% 0% 0% 2% 1% 2% 9% 9% 25% 46% 41% 

Table 30: Multi-categorical table for product P-IN-SSMIS ï radar validation over land, sea and coast areas. The precipitation 

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

 

Gauge Land 

Multi-Categorical Statistics 

P-IN-SSMIS vs GRD [0 - 0.25[ mm/h [0.25 - 1[ mm/h [1 - 10[ mm/h җмл ƳƳκƘ 

[0 - 0.25[ mm/h 97% 68% 42% 12% 

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

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

җмл ƳƳκƘ 0% 0% 3% 26% 

Table 31: Multi-categorical table for product P-IN-SSMIS ï rain gauge validation over land. The precipitation classes along 

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

 

Overall 

Multi-Categorical Statistics 

P-IN-SSMIS vs GRD [0 - 0.25[ mm/h [0.25 - 1[ mm/h [1 - 10[ mm/h җмл mm/h 

[0 - 0.25[ mm/h 98% 62% 39% 11% 

[0.25 - 1[ mm/h 1% 5% 3% 1% 

[1 - 10[ mm/h 2% 33% 54% 59% 

җмл ƳƳκƘ 0% 0% 3% 29% 
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Table 32: Multi-categorical table for product P-IN-SSMIS ï Overall validation. The precipitation classes along the columns 

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

 

5.1.1.3 Comparison over FD area 

The validation procedure over FD area has been developed by the PPVG and conducted by Italian 

DPC. DPR-NS product represents the reference for instantaneous precipitation rate over the global 

coverage. As for validation over the EU area, the accuracy of the satellite product has been 

evaluated for reference data above 1 mm/h over the same one-year long period. Values obtained 

by the FSE score define the accuracy of the H SAF product. Monthly accuracy and multi-categorical 

statistics are here shown. More maps and results over the MSG full disk area are illustrated in 

Appendix 1.2. 

 

 User requirement compliance 

¦ǎŜǊ ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ ǊŜŦŜǊŜƴŎŜ tw җ м ƳƳκƘ ŀǊŜ ǊŜǇƻǊǘŜŘ ƻƴ ǘƘŜ ƭŜŦǘ ǎƛŘŜ ƻŦ ǘƘŜ Table 33, while 

on the right side the accuracy obtained by the P-IN-SSMIS product in comparison with DPR-NS data 

is summarized. Results are below to the target (150%) for validation over Sea and Coast areas and 

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

the target, but not the threshold. 

 

  

 

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

Precipitation Class 
Requirement (FSE %) 

Land Sea Coast OVERALL 

thresh target optimal 

җ м ƳƳκƘ 200 150 100 165 116 109 132 

Table 33: UR and compliance analysis for P-IN-SSMIS product over FD area. 

 

 Monthly accuracy 

The monthly accuracy obtained for product P-IN-SSMIS in comparison with DPR-NS estimates is 

shown in Figure 26 over land (panel a), sea (panel b) and Full Disk area (panel c). The percentage 

contribution of different areas respect to the full disk coverage is shown in panel d. Please note that 

coast areas represent only 4% of the full dataset: these data are not representative and are not 

Between target  

and optimal 

Between threshold 

and target 

Threshold exceeded 

by < 50 % 

Threshold exceeded  

ōȅ җ 50 % 
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individually shown in figure. However, data over coast areas are included in overall (Full Disk) 

results. Sea areas represent obviously the most part of dataset with 60%, while land areas are 37%. 

The results on land are quite non-uniform. There is no precise seasonal trend, and they range from 

90% to over 200%. The trend is different over Sea, where the results are better and, above all, much 

more stable with values between 100 and 140%: all values are below to the target with an average 

value equal to 116%. The full disk result confirms the good quality of the product, with an average 

value equals to 132% with values between 100 and 170%.  

 

 

Figure 26: P-IN-SSMIS monthly accuracy evaluated respect to DPR-NS over MSG full disk coverage  

for Land (a) and Sea (b) areas. The results over Full Disk area is shown in the panel c).  Background colors highlight the 

accuracy defined by User Requirements in terms of FSE score. The horizontal black dotted line indicates the mean value.  

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

 

 Multi-categorical statistics 

The multi-categorical statistics are below shown. In each table, the first column indicates the 

precipitation classes of the H SAF product, while along the columns are reported the reference (DPR-

NS product) precipitation classes. The first class detects the no-Ǌŀƛƴ Ŏƭŀǎǎ όлҖtwғлΦнр ƳƳκƘύΣ ǘƘŜ 
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ǎŜŎƻƴŘ Ŏƭŀǎǎ ŘŜǘŜŎǘǎ ǘƘŜ ƭƛƎƘǘ Ǌŀƛƴ όлΦнрҖtwғм ƳƳκƘύΣ ǘƘŜ ǘƘƛǊŘ Ŏƭŀǎǎ ƛŘŜƴǘƛŦƛŜǎ ǘƘŜ ǎǘǊŀǘƛŦƻǊƳ Ǌŀƛƴ 

ǊŀǘŜǎ όмҖtwғмл ƳƳκƘύΣ ǿƘƛƭŜ ǘƘŜ ƭŀǎǘ ƻƴŜ ŎƭŀǎǎƛŦƛŜǎ ǘƘŜ ŎƻƴǾŜŎǘƛǾŜ ǊŀǘŜǎ όtwҗмл ƳƳκƘύΦ  

The detection of no-rain areas for product P-IN-SSMIS in comparison with DPR-NS estimates reaches 

the 97% of cases. Light rain rates (PR between 0.25 and 1 mm/h) is often underestimated, mainly 

over sea and coastlines. Stratiform rain rates are very well detected in 70% of total cases with 

acceptable low missing values (25%). Also convective areas are mainly well detected in 55% of cases, 

even if there is a slight tendency to underestimate this precipitation intensity. 7 convective events 

out 10 are well detected over land areas.  

 

Land | Sea | Coast - Full Disk 

Multi-Categorical Statistics 

P-IN-SSMIS vs DPR [0 - 0.25[ mm/h [0.25 - 1[ mm/h [1 - 10[ mm/h Ó10 mm/h 

[0 - 0.25[ mm/h 97% 97% 97% 47% 58% 58% 10% 18% 14% 0% 2% N/A 

[0.25 - 1[ mm/h 2% 2% 2% 24% 17% 17% 13% 9% 8% 0% 0% N/A 

[1 - 10[ mm/h 1% 1% 1% 30% 25% 25% 71% 70% 76% 30% 46% N/A 

Ó10 mm/h 0% 0% 0% 0% 0% 0% 6% 3% 3% 70% 51% N/A 

Table 34: Multi-categorical table for product P-IN-SSMIS over land, sea and coast MSG full disk areas.  

The precipitation classes along the columns (rows) are relative to DPR-NS (P-IN-SSMIS) precipitation. 

 

Overall - Full Disk 

Multi-Categorical Statistics 

P-IN-SSMIS vs DPR [0 - 0.25[ mm/h [0.25 - 1[ mm/h [1 - 10[ mm/h Ó10 mm/h 

[0 - 0.25[ mm/h 97% 54% 15% 2% 

[0.25 - 1[ mm/h 2% 19% 10% 0% 

[1 - 10[ mm/h 1% 27% 70% 43% 

Ó10 mm/h 0% 0% 4% 55% 

Table 35: Multi-categorical table for product P-IN-SSMIS over the MSG full disk area.  

The precipitation classes along the columns (rows) are relative to DPR-NS (P-IN-SSMIS) precipitation. 
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5.1.2 Quality assessment for product P-IN-MHS (H02B) 

5.1.2.1 Overview 

Product ID (Acronym) H02B (P-IN-MHS) 

Product name Precipitation rate at ground by MW cross-track scanners (with 

indication of phase) 

Algorithm version 

number 

Latest version: 2.0 

Version considered for Q.A.: 2.0 

Covered period 17/10/2019 ς 31/05/2020 (operational since 17/10/2019) 

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

Multi-categorical 

statistics 

POD, FAR, CSI 

Contributing 

countries 

BE, BU, DE, HU, IT, PL, SK, TR 

 

Validation of P-IN-MHS product in relation with reference data over different extension areas are 

here illustrated. Validation has been performed over the FD area in comparison with DPR estimates 

and over EU area in comparison with rain gauges and radar measurements. For both methodologies, 

are shown continuous and multi-categorical statistics for the period as indicated in the overview 

table. Product P-IN-MHS becomes operational since 17th Oct., 2019: starting from this date, up to 

31st May, 2020, the validation results are here shown. 

 

5.1.2.2 Ground validation over EU area 

The accuracy of P-IN-MHS product has been evaluated for GRD precipitation rates detected above 

1 mm/h (twҗм ƳƳκƘύΦ 9¦ ǾŀƭƛŘŀǘƛƻƴ has been performed by 8 countries indicated in the overview 

table and supervised by Italian DPC. The validation procedure evaluates only liquid phase 

ǇǊŜŎƛǇƛǘŀǘƛƻƴ ǿƛǘƘ ǉǳŀƭƛǘȅ άŦŀƛǊέ ƻǊ άƎƻƻŘέ (as indicated in the satellite product). Satellite Field of 

Views not fully covered by GRD data (or with percentage of coverage less than 50%) are discarded 

by the Q.A. procedure in order to increase the significance of the statistical sample. Results are 

computed on 8 million pairs of satellite-ground data. 

 

 User requirement compliance 

In Table 36 ǘƘŜ ǳǎŜǊ ǊŜǉǳƛǊŜƳŜƴǘ ǘƘǊŜǎƘƻƭŘǎ ŦƻǊ tw җ м ƳƳκƘ ŀǊŜ ǊŜǇƻǊǘŜŘ ƻƴ ǘƘŜ ƭŜŦǘ ǎƛŘŜΦ ¢ƘŜ 

accuracy obtained by P-IN-MHS product during the validation period in comparison with radar and 
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rain gauge data is here summarized. Results show good values being very close to the optimal 

requirement mainly over land areas for gauge and radar comparisons, and then for results overall 

surface types. Also accuracy results over sea and coastlines are between target and optimal values. 

 

 

  

 

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

Precipitation 

Class 

Requirement (FSE %) radar   

(Land) 

radar     

(Sea) 

radar 

(Coast) 

gauge 

(Land) 
Overall 

thresh target optimal 

җ м ƳƳκƘ 200 150 100 107 135 119 105 117 

Table 36: UR and compliance analysis for P-IN-MHS product over EU area. 

 Monthly accuracy 

The product accuracy, in terms of FSE%, is shown in Figure 27 in comparison with radar (panel a) 

and rain gauge data (panel b). The overall results without any distinction between reference 

instruments are shown in panel c. In each panel the background colours highlight the requirement 

areas as indicated in the UR table for instantaneous precipitation products (Table 25). The horizontal 

black lines show the corresponding FSE values computed for the full analyzed period. In the panel d 

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

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

 

The accuracy of P-IN-MHS product shows an extremely stable trend for both radar and guage 

comparisons, with mean values equal to 112% and 105% for radar and gauge, respectively. The 

overall monthly accuracy results (panel c) range between 100% and 130%: it shows very stable trend 

with value very close to the optimal result and it never exceeds the target requirement. Finally, the 

panel d highlights as most of the data belong to radar land group (54%) and then to gauge land one 

(30%). Only 7% and 9% belong to coast and sea areas, respectively. 

 

Between target  

and optimal 

Between threshold 

and target 

Threshold exceeded 

by < 50 % 

Threshold exceeded  

ōȅ җ рл ҈ 
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Figure 27: P-IN-MHS annual validation using Radar (a) and Gauge (b) as ground reference. The Overall validation is shown 

in the panel c). Background colours highlight the requirement thresholds as reported in Table 36. The horizontal black line 

indicates the accuracy value computed for the full period. The single ground contributions are displayed in the panel d). 

 

The monthly continuous statistical scores separately analyzed for land, sea and coast areas in 

ŎƻƳǇŀǊƛǎƻƴ ǿƛǘƘ ǊŜŦŜǊŜƴŎŜ Řŀǘŀ ŦƻǊ tw җ м ƳƳκƘ ŀǊŜ ǊŜǇƻǊǘŜŘ ƛƴ !ǇǇŜƴŘƛȄ 1.3. 

 

 Multi-Categorical statistics 

In the following tables, the first column indicates the precipitation classes of the satellite product, 

while along the columns are reported the GRD precipitation classes. The first class detects the no-

Ǌŀƛƴ Ŏƭŀǎǎ όлҖtwғлΦнр ƳƳκƘύΣ ǘƘŜ ǎŜŎƻƴŘ Ŏƭŀǎǎ ƛŘŜƴǘƛŦƛŜǎ ǘƘŜ ƭƛƎƘǘ Ǌŀƛƴ όлΦнрҖtwғм ƳƳκƘύΣ ǘƘŜ ǘƘƛǊŘ 

Ŏƭŀǎǎ ŎƭŀǎǎƛŦƛŜǎ ǘƘŜ ǎǘǊŀǘƛŦƻǊƳ Ǌŀƛƴ ǊŀǘŜǎ όмҖtwғмл ƳƳκƘύΣ ǿƘƛƭŜ ǘƘŜ ƭŀǎǘ ƻƴŜ ǘƘŜ ŎƻƴǾŜŎǘƛǾŜ ǊŀǘŜǎ 

όtwҗмл ƳƳκƘύΦ  

The P-IN-MHS product correctly detects the no-rain area in over 92% of cases, however in all 

precipitation classes is evident the tendency to underestimate the precipitation rate, mainly for 

heavy rainfall rate. Better values are reached for stratiform rain rates over sea with 62% of cases 

correctly detected. In details: light and stratiform rain rates are detected in 32 and 54% of total 
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cases, respectively, with better performances in comparison with radar over land (35%) for light 

precipitation and over sea (62%) for stratiform rain rates. Convective areas are not well classified: 

on average only 9% of heavy precipitation cases are correctly detected, with values ranging between 

2% for radar over land and 21% over sea.  

The tendency to underestimate the precipitation observed by GRD measurements is also observed 

in Figure A5 as highlighted by Mean Error and Multiplicative Bias scores. 

 

Radar Land | Sea | Coast 

Multi-Categorical Statistics 

P-IN-MHS vs GRD [0 - 0.25[ mm/h [0.25 - 1[ mm/h [1 - 10[ mm/h җмл ƳƳκƘ 

[0 - 0.25[ mm/h 92% 95% 97% 31% 31% 48% 15% 12% 22% 2% 0% 5% 

[0.25 - 1[ mm/h 5% 4% 2% 35% 32% 24% 32% 20% 22% 21% 4% 8% 

[1 - 10[ mm/h 3% 2% 1% 34% 36% 28% 52% 62% 55% 75% 75% 80% 

җмл ƳƳκƘ 0% 0% 0% 0% 1% 0% 0% 5% 2% 2% 21% 8% 

Table 37: Multi-categorical table for product P-IN-MHS ï radar validation over land, sea and coast areas. The precipitation 

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

 

Gauge Land 

Multi-Categorical Statistics 

P-IN-MHS vs GRD [0 - 0.25[ mm/h [0.25 - 1[ mm/h [1 - 10[ mm/h җмл ƳƳκƘ 

[0 - 0.25[ mm/h 92% 40% 21% 3% 

[0.25 - 1[ mm/h 5% 30% 26% 19% 

[1 - 10[ mm/h 3% 31% 52% 71% 

җмл ƳƳκƘ 0% 0% 0% 7% 

Table 38: Multi-categorical table for product P-IN-MHS ï rain gauge validation over land. The precipitation classes along the 

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

 

Overall 

Multi-Categorical Statistics 

P-IN-MHS vs GRD [0 - 0.25[ mm/h [0.25 - 1[ mm/h [1 - 10[ mm/h җмл ƳƳκƘ 

[0 - 0.25[ mm/h 92% 35% 17% 2% 
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[0.25 - 1[ mm/h 5% 32% 28% 14% 

[1 - 10[ mm/h 3% 33% 54% 75% 

җмл ƳƳκƘ 0% 0% 1% 9% 

Table 39: Multi-categorical table for product P-IN-MHS ï Overall validation. The precipitation classes along the columns 

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

 

5.1.2.3 Comparison over FD area 

The validation procedure over FD area has been developed by the PPVG and conducted by Italian 

DPC. DPR-NS product represents the reference for instantaneous precipitation rate over the global 

coverage. As for validation over the EU area, the accuracy of the satellite product has been 

evaluated for reference data above 1 mm/h over the same one-year long period. Values obtained 

by the FSE score define the accuracy of the H SAF product. Monthly accuracy and multi-categorical 

statistics are here shown. 

 

 User requirement compliance 

¦ǎŜǊ ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ ǊŜŦŜǊŜƴŎŜ tw җ м ƳƳκƘ ŀǊŜ ǊŜǇƻǊǘŜŘ ƻƴ ǘƘŜ ƭŜŦǘ ǎƛŘŜ ƻŦ ǘƘŜ Table 40, while 

on the right side the accuracy obtained by the P-IN-MHS product in comparison with DPR-NS data 

is summarized. Results are below to the target (150%) for validation over Sea and Coast areas and 

for all areas without distinctions (Overall results). Only over Land areas the accuracy downgrades 

slightly exceeding the target, but not the threshold. 

 

  

 

P-IN-MHS vs DPR Annual average of FSE (%) 

Precipitation 

Class 

Requirement (FSE %) 
Land Sea Coast OVERALL 

thresh target optimal 

җ м ƳƳκƘ 200 150 100 156 144 96 146 

Table 40: UR and compliance analysis for P-IN-MHS product over FD area. 

 

 

Between target  

and optimal 

Between threshold 

and target 

Threshold exceeded 

by < 50 % 

Threshold exceeded  

ōȅ җ рл ҈ 
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 Monthly accuracy 

The monthly accuracy obtained for product P-IN-MHS in comparison with DPR-NS estimates is 

shown in Figure 28 over land (panel a), sea (panel b) and Full Disk area (panel c). The percentage 

contribution of different areas respect to the full disk coverage is shown in panel d. Please note that 

coast areas represent only 1% of the full dataset: these data are not representative and are not 

individually shown in figure. However, data over coast areas are included in overall (Full Disk) 

results. Sea areas represent obviously the most part of dataset with 74%, while land areas are 25%. 

The results on land are quite non-uniform. There is no precise seasonal trend, and they range from 

50% in October to 200% in November. The trend is different over Sea, where the results are better 

and, above all, much more stable with values around 150% and a mean value equals to 144%. The 

full disk result confirms the goodness results, with an average value equals to 146% and values 

between 130 and 160%.  

 

 

Figure 28: P-IN-MHS monthly accuracy evaluated respect to DPR-NS over MSG full disk coverage  

for Land (a) and Sea (b) areas. The results over Full Disk area is shown in the panel c).  Background colors highlight the 

accuracy defined by User Requirements in terms of FSE score. The horizontal black dotted line indicates the mean value.  

The composition of the FD results in terms of different surface types (sea, land and coast) is shown in panel d. 
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More continuous statistical scores and results are shown in Appendix 1.4. 

 Multi-categorical statistics 

The multi-categorical statistics are below shown. In each table, the first column indicates the 

precipitation classes of the H SAF product, while along the columns are reported the reference (DPR-

NS product) precipitation classes. The first class detects the no-Ǌŀƛƴ Ŏƭŀǎǎ όлҖtwғлΦнр ƳƳκƘύΣ ǘƘŜ 

ǎŜŎƻƴŘ Ŏƭŀǎǎ ŘŜǘŜŎǘǎ ǘƘŜ ƭƛƎƘǘ Ǌŀƛƴ όлΦнрҖtwғм ƳƳκƘύΣ ǘƘŜ ǘƘƛǊŘ Ŏƭŀǎǎ ƛŘŜƴǘƛŦƛŜǎ ǘƘŜ ǎǘǊŀǘƛŦƻǊƳ Ǌŀƛƴ 

ǊŀǘŜǎ όмҖtwғмл ƳƳκƘύΣ ǿƘƛƭŜ ǘƘŜ ƭŀǎǘ ƻƴŜ ŎƭŀǎǎƛŦƛŜǎ ǘƘŜ ŎƻƴǾŜŎǘƛǾŜ ǊŀǘŜǎ όtwҗмл ƳƳκƘύΦ  

The detection of no-rain areas for product P-IN-MHS in comparison with DPR-NS estimates reaches 

the 97% of cases. Light rain rates are often underestimated, mainly over sea and coastlines. 

Stratiform rain rates are well detected in 68% of total cases with low missing values (27%). Finally 

convective areas are detected in 41% of cases, even if there is a slight tendency to underestimate 

this heavy intensity. 

 

Land | Sea | Coast - Full Disk 

Multi-Categorical Statistics 

P-IN-SSMIS vs DPR [0 - 0.25[ mm/h [0.25 - 1[ mm/h [1 - 10[ mm/h Ó10 mm/h 

[0 - 0.25[ mm/h 96% 97% 97% 46% 62% 62% 8% 16% 22% 0% 0% N/A 

[0.25 - 1[ mm/h 3% 2% 2% 22% 14% 15% 16% 12% 14% 4% 1% N/A 

[1 - 10[ mm/h 1% 1% 1% 31% 24% 22% 68% 68% 64% 42% 60% N/A 

Ó10 mm/h 0% 0% 0% 0% 0% 0% 9% 4% 0% 54% 39% N/A 

Table 41: Multi-categorical table for product P-IN-MHS over land, sea and coast MSG full disk areas.  

The precipitation classes along the columns (rows) are relative to DPR-NS (P-IN-MHS) precipitation. 

 

Overall - Full Disk 

Multi-Categorical Statistics 

P-IN-SSMIS vs DPR [0 - 0.25[ mm/h [0.25 - 1[ mm/h [1 - 10[ mm/h Ó10 mm/h 

[0 - 0.25[ mm/h 97% 59% 15% 0% 

[0.25 - 1[ mm/h 2% 16% 12% 1% 

[1 - 10[ mm/h 1% 25% 68% 57% 

Ó10 mm/h 0% 0% 5% 41% 

Table 42: Multi-categorical table for product P-IN-MHS over the MSG full disk area.  

The precipitation classes along the columns (rows) are relative to DPR-NS (P-IN-MHS) precipitation. 
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5.1.3 Quality assessment for product P-IN-SEVIRI (H03B) 

5.1.3.1 Overview 

Product ID (Acronym) H03B (P-IN-SEVIRI) 

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

Algorithm version 

number 

Latest version: 2.0 

Version considered for Q.A.: 2.0 

Covered period 01/06/2019 ς 31/05/2020 

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

Multi-categorical 

statistics 

POD, FAR, CSI 

Contributing 

countries 

BE, BU, DE, HU, IT, PL, SK, TR 

 

Validation of P-IN-SEVIRI product in relation with reference data over different extension areas are 

here illustrated. Validation has been performed over the FD area in comparison with DPR estimates 

and over EU area in comparison with GRD measurements data (rain gauges and radar). For both 

methodologies, are shown continuous and multi-categorical statistics for the period as indicated in 

the overview table.  

 

 Ground validation over EU area 

The accuracy of P-IN-SEVIRI product has been evaluated for GRD precipitation rates detected above 

1 mm/h (twҗм ƳƳκƘύΦ 9¦ ǾŀƭƛŘŀǘƛƻƴ has been performed by 8 countries indicated in the overview 

table and supervised by Italian DPC. The validation procedure evaluates only precipitation data with 

confidence value (as indicated in the satellite product) greater then 50%. Satellite Field Of Views not 

fully covered by GRD data (or with percentage of coverage less than 50%) are discarded by the Q.A. 

procedure in order to increase the significance of the statistical sample. Results are computed on 

more than 200 million pairs of satellite-ground data. 

 

 User requirement compliance 

In Table 43 ǘƘŜ ǳǎŜǊ ǊŜǉǳƛǊŜƳŜƴǘ ǘƘǊŜǎƘƻƭŘǎ ŦƻǊ tw җ м ƳƳκƘ ŀǊŜ ǊŜǇƻǊǘŜŘ ƻƴ ǘƘŜ ƭŜŦǘ ǎƛŘŜΦ ¢ƘŜ 

accuracy obtained for P-IN-SEVIRI product in the full validation period with radar and rain gauge 

data is summarized. Results are around the target value (150%): results over land and coast by radar 

measurements are between threshold and target, while results over sea (with radar) and with 
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raingauges are below target. Overall results without any distinction between reference instruments 

are perfectly equal to the target value. 

 

 

  

 

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

Precipitation 

Class 

Requirement (FSE %) Radar 

(Land) 

Radar 

(Sea) 

Radar 

(Coast) 

Gauge 

(Land) 
OVERALL 

thresh target optimal 

җ м ƳƳκƘ 200 150 100 174 149 162 125 150 

Table 43: UR and compliance analysis for P-IN-SEVIRI product over EU area. 

 

5.1.3.2 Monthly accuracy 

The product accuracy, in terms of FSE%, is shown in Figure 29 in comparison with radar (panel a) 

and rain gauge data (panel b). The overall results without any distinction between reference 

instruments are shown in panel c. In each panel the background colours highlight the requirement 

areas as indicated in the UR table for instantaneous precipitation products (Table 25). The horizontal 

black lines show the corresponding FSE values computed for the full analyzed period. In the panel d 

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

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

 

Generally, the accuracy of P-IN-SEVIRI product with rain gauge measurements (128%, panel b) 

shows better agreement respect to radar data (165%, panel a), resulting in an overall mean values 

equal to the target requirement (150%, panel c). Results by gauges represent the most part of the 

whole dataset (59%, panel d).  

 

Between target  

and optimal 

Between threshold 

and target 

Threshold exceeded 

by < 50 % 

Threshold exceeded  

ōȅ җ рл ҈ 
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Figure 29: P-IN-SEVIRI annual validation using Radar (a) and Gauge (b) as ground reference. The Overall validation is 

shown in the panel c). Background colours highlight the User Requirement thresholds. The horizontal black line indicates 

the accuracy value computed for the full period. The single ground contributions are displayed in the panel d). 

 

More continuous statistical scores are shown in Appendix 1.5. 

 

5.1.3.3 Multi -Categorical statistics 

In the following tables, the first column indicates the precipitation classes of the satellite product, 

while along the columns are reported the ground precipitation classes. The first class detects the 

no-Ǌŀƛƴ Ŏƭŀǎǎ όлҖtwғлΦнр ƳƳκƘύΣ ǘƘŜ ǎŜŎƻƴŘ Ŏƭŀǎǎ ƛŘŜƴǘƛŦƛŜǎ ǘƘŜ ƭƛƎƘǘ Ǌŀƛƴ όлΦнрҖtwғм ƳƳκƘύΣ ǘƘŜ 

ǘƘƛǊŘ Ŏƭŀǎǎ ŎƭŀǎǎƛŦƛŜǎ ǘƘŜ ǎǘǊŀǘƛŦƻǊƳ Ǌŀƛƴ ǊŀǘŜǎ όмҖtwғмл ƳƳκƘύΣ ǿƘƛƭŜ ǘƘŜ ƭŀǎǘ ƻƴŜ ǘƘŜ ŎƻƴǾŜŎǘƛǾŜ 

ǊŀǘŜǎ όtwҗмл ƳƳκƘύ.  

The P-IN-SEVIRI product correctly detects the no-rain area for 84% of total cases, with the best 

agreement over sea (91%). However, the following multi-categorical tables highlight the tendency 

of the satellite product to underestimate all precipitation classes. In details: light rain rates are 

detected in only 15% of total cases with values ranging between 12% for radar over coast and land 

and 16% for gauges. Better success scores are relative to stratiform rain rates: these are well 
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detected in 35% of cases, with peaks of 39% over sea. Finally, 14% of total convective cases as 

detected by GRD measurements are well classified by P-IN-SEVIRI.  

Generally, it is evident a clear propensity to underestimate the rainfall intensity in all precipitation 

regimes. This behaviour is also highlighted in Mean Error and Multiplicative Bias results shown in 

Figure A9.  

Radar Land | Sea | Coast 

Multi-Categorical Statistics 

P-IN-SEVIRI vs GRD [0 - 0.25[ mm/h [0.25 - 1[ mm/h [1 - 10[ mm/h җмл ƳƳκƘ 

[0 - 0.25[ mm/h 88% 91% 88% 59% 58% 56% 46% 44% 44% 28% 20% 24% 

[0.25 - 1[ mm/h 5% 4% 5% 12% 13% 12% 12% 13% 13% 9% 9% 9% 

[1 - 10[ mm/h 6% 5% 6% 27% 27% 28% 36% 39% 36% 50% 58% 47% 

җмл ƳƳκƘ 0% 0% 0% 2% 3% 3% 5% 4% 6% 13% 14% 20% 

Table 44: Multi-categorical table for product P-IN-SEVIRI ï radar validation over land, sea and coast areas. The precipitation 

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

 

Gauge Land 

Multi-Categorical Statistics 

P-IN-SEVIRI vs GRD [0 - 0.25[ mm/h [0.25 - 1[ mm/h [1 - 10[ mm/h җмл ƳƳκƘ 

[0 - 0.25[ mm/h 80% 63% 46% 22% 

[0.25 - 1[ mm/h 10% 16% 18% 13% 

[1 - 10[ mm/h 10% 21% 34% 53% 

җмл ƳƳκƘ 0% 1% 2% 13% 

Table 45: Multi-categorical table for product P-IN-SEVIRI ï rain gauge validation over land. The precipitation classes along 

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

 

Overall 

Multi-Categorical Statistics 

P-IN-SEVIRI vs GRD [0 - 0.25[ mm/h [0.25 - 1[ mm/h [1 - 10[ mm/h җмл ƳƳκƘ 

[0 - 0.25[ mm/h 84% 61% 46% 24% 

[0.25 - 1[ mm/h 8% 15% 16% 11% 
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[1 - 10[ mm/h 8% 23% 35% 52% 

җмл ƳƳκƘ 0% 1% 3% 14% 

Table 46: Multi-categorical table for product P-IN-SEVIRI ï Overall validation. The precipitation classes along the columns 

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

 

5.1.3.4 Comparison over FD area 

The validation procedure over FD area has been developed by the PPVG and conducted by Italian 

DPC. DPR-NS product represents the reference for instantaneous precipitation rate over the global 

coverage. As for validation over the EU area, the accuracy of the satellite product has been 

evaluated for reference data above 1 mm/h over the same one-year long period. Values obtained 

by the FSE score define the accuracy of the H SAF product. Monthly accuracy and multi-categorical 

statistics are here shown. 

 

 User requirement compliance 

¦ǎŜǊ ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ ǊŜŦŜǊŜƴŎŜ tw җ м ƳƳκƘ ŀǊŜ ǊŜǇƻǊǘŜŘ ƻƴ ǘƘŜ ƭŜŦǘ ǎƛŘŜ ƻŦ ǘƘŜ Table 47, while 

on the right side the accuracy obtained by the P-IN-SEVIRI product in comparison with DPR-NS data 

is summarized. Results are slightly above the target (150%), mainly in comparison over land areas 

with values very close to the threshold and along coastlines. Over sea areas (that represent the most 

part of data) the accuracy downgrades below the target with a value equal to 149%. The overall 

results are between target and threshold with a mean value of 162%. 

 

  

 

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

Precipitation Class 
Requirement (FSE %) 

Land Sea Coast OVERALL 

thresh target optimal 

җ м ƳƳκƘ 200 150 100 196 149 155 162 

Table 47: UR and compliance analysis for P-IN-SEVIRI product over FD area. 

 

 Monthly accuracy 

The monthly accuracy obtained for product P-IN-SSMIS in comparison with DPR-NS estimates is 

shown in Figure 30 over land (panel a), sea (panel b) and Full Disk area (panel c). The percentage 

Between target  

and optimal 

Between threshold 

and target 

Threshold exceeded 

by < 50 % 

Threshold exceeded  
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contribution of different areas respect to the full disk coverage is shown in panel d. Please note that 

coast areas represent the 9% of the full dataset: these data are less representative respect to sea 

and land areas and therefore are not individually shown in figure. However, data over coast areas 

are included in overall (Full Disk) results. Sea areas represent the most part of dataset with 70%, 

while land areas represent the 21% of data. 

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

there is seasonal trend with lower values in summertime (JJA) and worser results in other months. 

Results over land range between 150% and 220%, with a mean value very close to the threshold 

equals to 196%. Results over sea are better and mainly more stable respect to land ones, with all 

values very close to the target (150%). The results over the full disk area confirms the accuracy 

detects over sea, with an average accuracy equal to 162% slightly above the target. Results are 

better during warmer months (JJAS and March) respect to wintertime. 

 

 

Figure 30: P-IN-SEVIRI monthly accuracy evaluated respect to DPR-NS over MSG full disk coverage  

for Land (a) and Sea (b) areas. The results over Full Disk area is shown in the panel c).  Background colors highlight the 

accuracy defined by User Requirements in terms of FSE score. The horizontal black dotted line indicates the mean value.  

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

 

More continuous statistical scores are shown in Appendix 1.6. 
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 Multi-categorical statistics 

The multi-categorical statistics are below shown. In each table, the first column indicates the 

precipitation classes of the H SAF product, while along the columns are reported the reference (DPR-

NS product) precipitation classes. The first class detects the no-Ǌŀƛƴ Ŏƭŀǎǎ όлҖtwғлΦнр ƳƳκƘύΣ ǘƘŜ 

ǎŜŎƻƴŘ Ŏƭŀǎǎ ŘŜǘŜŎǘǎ ǘƘŜ ƭƛƎƘǘ Ǌŀƛƴ όлΦнрҖtwғм ƳƳκƘύΣ ǘƘŜ ǘƘƛǊŘ Ŏƭŀǎǎ ƛŘŜƴǘƛŦƛŜǎ ǘƘŜ ǎǘratiform rain 

ǊŀǘŜǎ όмҖtwғмл ƳƳκƘύΣ ǿƘƛƭŜ ǘƘŜ ƭŀǎǘ ƻƴŜ ŎƭŀǎǎƛŦƛŜǎ ǘƘŜ ŎƻƴǾŜŎǘƛǾŜ ǊŀǘŜǎ όtwҗмл ƳƳκƘύΦ  

The detection of no-rain areas for product P-IN-SEVIRI in comparison with DPR-NS estimates reaches 

the 94% of cases. Light rain rates are often underestimated, mainly over sea and along coastlines. 

Stratiform rain rates are detected only in 33% of total cases with important missing values (62%). 

Underestimation is particularly pronounced over Sea and along coastlines. Finally, convective areas 

are detected in 29% of total cases, with better values over land (45%). Generally, for all precipitation 

rates above 0.25mm/h the P-IN-SEVIRI performance is worser along coastlines and over sea.  

 

Land | Sea | Coast - Full Disk 

Multi-Categorical Statistics 

P-IN-SEVIRI vs DPR [0 - 0.25[ mm/h [0.25 - 1[ mm/h [1 - 10[ mm/h Ó10 mm/h 

[0 - 0.25[ mm/h 91% 95% 94% 64% 77% 80% 35% 50% 59% 6% 13% 17% 

[0.25 - 1[ mm/h 5% 3% 4% 15% 10% 10% 17% 15% 15% 6% 9% 9% 

[1 - 10[ mm/h 4% 2% 2% 19% 12% 10% 39% 32% 24% 44% 52% 45% 

Ó10 mm/h 0% 0% 0% 2% 1% 0% 9% 4% 2% 45% 25% 29% 

Table 48: Multi-categorical table for product P-IN-SEVIRI over land, sea and coast MSG full disk areas.  

The precipitation classes along the columns (rows) are relative to DPR-NS (P-IN-SEVIRI) precipitation. 

 

Overall - Full Disk 

Multi-Categorical Statistics 

P-IN-SEVIRI vs DPR [0 - 0.25[ mm/h [0.25 - 1[ mm/h [1 - 10[ mm/h Ó10 mm/h 

[0 - 0.25[ mm/h 94% 75% 47% 12% 

[0.25 - 1[ mm/h 3% 11% 15% 9% 

[1 - 10[ mm/h 3% 14% 33% 50% 

Ó10 mm/h 0% 1% 5% 29% 

Table 49: Multi-categorical table for product P-IN-SEVIRI over the MSG full disk area.  

The precipitation classes along the columns (rows) are relative to DPR-NS (P-IN-SEVIRI) precipitation. 
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5.1.4 Quality assessment for product P-AC-SEVIRI (H05B) 

5.1.4.1 Overview 

Product ID (Acronym) H05B (P-AC-SEVIRI) 

Product name Accumulated precipitation at ground by blended MW and IR 

Algorithm version 

number 

Latest version: 2.0 

Version considered for Q.A.: 2.0 

Covered period 01/06/2019 ς 31/05/2020 

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

Multi-categorical 

statistics 

POD, FAR, CSI 

Contributing 

countries 

BE, BU, DE, HU, IT, PL, SK, TR 

 

P-AC-SEVIRI product estimates the accumulated precipitation at ground: it has been validated over 

EU area in comparison with GRD measurements data (rain gauges and radar), while over the FD area 

in comparison with daily GRD measurements obtained from GPCC and GLDAS datasets using TC 

methodology. For more details about TC and datasets used for this methodology, please refer to 

Global Precipitation Reference Data section. For both methodologies, continuous and multi-

categorical statistics for the full period as indicated in the overview table are here shown.  

 

5.1.4.2 Ground validation over EU area 

The accuracy of P-AC-SEVIRI product has been evaluated for GRD precipitation rates detected above 

м ƳƳκŘŀȅ ό/w җмƳƳκŘŀȅύΦ 9¦ ǾŀƭƛŘŀǘƛƻƴ has been performed by 8 countries indicated in the 

overview table and supervised by Italian DPC. The validation procedure evaluates only precipitation 

data with confidence value (as indicated in the satellite product) greater then 50%. Satellite Field Of 

Views not fully covered by GRD data (or with percentage of coverage less than 50%) are discarded 

by the Q.A. procedure in order to increase the significance of the statistical sample. Results are 

computed on more than 50 million pairs of satellite-ground data. 

 

 User requirement compliance 

In Table 50 ǘƘŜ ǳǎŜǊ ǊŜǉǳƛǊŜƳŜƴǘ ǘƘǊŜǎƘƻƭŘǎ ŦƻǊ /w җ м ƳƳ ƻǾŜǊ нпƘ ŀǊŜ ǊŜǇƻǊǘŜŘ ƻƴ ǘƘŜ ƭŜŦǘ ǎƛŘŜΦ 

The accuracy obtained for P-AC-SEVIRI product over 24h during the validation period in comparison 

with radar and rain gauge measurements is summarized in table. Accuracy results range between 
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151-152% over land areas and 175% over sea. The resulting overall result is above and close to the 

target requirement, equals to 156%. 

 

 

  

 

 

P-AC-SEVIRI 24h Annual average of FSE (%) 

Precipitation Class 
Requirement (FSE %) Radar 

(Land) 

Radar 

(Sea) 

Radar 

(Coast) 

Gauge 

(Land) 
OVERALL 

thresh target optimal 

җ м ƳƳ Řŀƛƭȅ 200 150 100 152 175 159 151 156 

Table 50: UR and compliance analysis for P-AC-SEVIRI product over 24 hours. 

 

 Monthly accuracy 

The accuracy, in terms of FSE%, is shown in Figure 31 in comparison with radar (panel a) and rain 

gauge data (panel b). The background colours highlight the requirement areas as indicated in Table 

50. The horizontal black lines show the corresponding FSE values computed for the full period. The 

overall results are shown in panel c, while in the panel d is reported the percentage contribution of 

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

 

The accuracy of P-AC-SEVIRI product over 24h show stable values during the analysed period with 

respect to radar and gauge data, with a general tendency for the error to decrease over time.  

Scores for radar and gauge are very similar: they reach a maximum value in June (200%) and a 

minimum in February (110%). The average values are around 150%, slightly better for gauges. The 

overall result reflects the trends of the individual references. The percentage contribution highlights 

as radar over land areas represent the most part of the dataset (55%), while gauge data represent 

a quarter of the dataset. Finally, radar data over sea and coastlines reach 10% singly. 

 

Between target  

and optimal 

Between threshold 

and target 

Threshold exceeded 

by < 50 % 

Threshold exceeded  
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Figure 31: P-AC-SEVIRI over 24h annual validation using Radar (a) and Gauge (b) as ground reference. The Overall 

validation is shown in the panel c). Background colours highlight the requirement thresholds as reported in Table 50. The 

horizontal black line indicates the accuracy value computed for the full period. The single ground contributions are 

displayed in the panel d). 

 

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

ǊŜŦŜǊŜƴŎŜ Řŀǘŀ ŦƻǊ /w җ м ƳƳ ƻǾŜǊ нпƘ ŀǊŜ ǊŜǇƻǊǘŜŘ ƛƴ !ǇǇŜƴŘƛȄ 1.7. 

 Multi-Categorical statistics 

In the following tables, the first column indicates the precipitation classes of the satellite product, 

while along the columns are reported the ground precipitation classes. The first class detects the 

no-rain class, with PC<1 mm/24h, the second class identifies the accumulated rain between 

мҖt/ғмл ƳƳκнпƘΣ ǿƘƛƭŜ ǘƘŜ ƭŀǎǘ ƻƴŜ ŎƭŀǎǎƛŦƛŜǎ ǘƘŜ ƘƛƎƘŜǊ ŀŎŎǳƳǳƭŀǘŜŘ Ǌŀƛƴǎ όt/җмл ƳƳκнпƘύΦ  

The first class is correctly identified in more than 7 cases out 10. The second and third classes are 

properly detected with similar overall mean values of 45 and 43%, respectively. Scores respect to 

gauge measurements are very stable, much more than respect to the comparison with radar 

estimates. 
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Radar Land | Sea | Coast 

Multi-Categorical Statistics 

P-AC-SEVIRI vs GRD < 1 mm/24h [1 - 10[ mm/24h җмл ƳƳκ24h 

< 1 mm/24h 71% 72% 73% 40% 32% 41% 15% 9% 13% 

[1 - 10[ mm/24h 25% 23% 23% 46% 44% 43% 46% 31% 40% 

җмл ƳƳκ24h 4% 5% 4% 14% 24% 16% 39% 60% 47% 

Table 51: Multi-categorical table for product P-AC-SEVIRI over 24h ï radar validation over land, sea and coast areas. The 

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

 

Gauge Land 

Multi-Categorical Statistics 

P-AC-SEVIRI vs GRD < 1 mm/24h [1 - 10[ mm/24h җмл ƳƳκ24h 

< 1 mm/24h 73% 44% 17% 

[1 - 10[ mm/24h 23% 43% 42% 

җмл ƳƳκ24h 4% 13% 41% 

Table 52: Multi-categorical table for product P-AC-SEVIRI over 24h ï rain gauge validation over land. The precipitation 

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

 

Overall 

Multi-Categorical Statistics 

P-AC-SEVIRI vs GRD < 1 mm/24h [1 - 10[ mm/24h җмл ƳƳκ24h 

< 1 mm/24h 72% 40% 14% 

[1 - 10[ mm/24h 24% 45% 43% 

җмл ƳƳκ24h 4% 15% 43% 

Table 53: Multi-categorical table for product P-AC-SEVIRI over 24h ï Overall validation. The precipitation classes along the 

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

 

5.1.4.3 Comparison over FD area 

The validation procedure over FD area has been developed by the IRPI-CNR and conducted by Italian 

DPC. TC methodology is applied between P-AC-SEVIRI, GPCC and GLDAS datasets over the MSG FD 
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coverage. The accuracy of the satellite product is evaluated by the CC score: results for different 

areas and monthly are here shown. 

 

 User requirement compliance 

User requirements and compliance analysis for H SAF product are reported on Table 87. CC results 

are computed over land and sea areas and along coastlines. However, results are not available over 

sea being a comparison with gauges. The full disk area is composed by 60% of sea, 36% land and 4% 

coasts. Overall results are hence computed over land and coasts that represent the 40% of total 

coverage. Final UR results are acceptable with values equal to target (0.65) for land, while 0.64 and 

0.57 for overall and coastlines areas respectively, with values between target and threshold. 

 

P-AC-SEVIRI by TC Annual average of CC 

Precipitation 

Class 

Requirement (CC) Land 

(36%) 

Sea 

(60%) 

Coast 

(4%) 
OVERALL 

thresh target optimal 

җ л ƳƳ Řŀƛƭȅ 0.50 0.65 0.80 0.65 N/A 0.57 0.64 

Table 54: UR and compliance analysis for P-AC-SEVIRI (24h) product over FD area by TC methodology. 

 

 Monthly accuracy 

 

The UR score used in the TC methodology is the CC. The monthly trend obtained for the triplet of 

datasets used is shown in the Figure 32. The blue bars indicate the results for the H SAF satellite 

product (P-AC-SEVIRI); in green those obtained from GPCC data, while in orange those from GLDAS 

dataset. The colored background highlights the areas where thresholds are set for the chosen UR. 

 

Focusing on the results from SEVIRI, the values range from 0.53 for the worst month (June 2019) to 

0.68 for the best months (August, November 2019, April and May 2020). The average value 

calculated on an annual basis is 0.64, which is very close to the target. 

GPCC obtains comparable results to P-AC-SEVIRI, with a very similar monthly trend. 

GLDAS, on the other hand, has results in terms of CC that are lower than the previous ones and 

almost never exceed 0.50. 

Between target 

and optimal 

Between threshold 

and target 

Threshold exceeded 

by <50% 

¢ƘǊŜǎƘƻƭŘ ŜȄŎŜŜŘŜŘ ōȅ җ 

50% 
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Figure 32: Monthly validation results (June 2019-May 2020) in terms of CC (UR) score obtained by  

the P-AC-SEVIRI (24h) product (blue bars) using the TC methodology. 

 Background colours highlight the UR thresholds. 

For more maps and results please refer to Appendix 1.8. Maps of CC and RMSE score obtained using 

the TC methodology are shown in Figure A14 and Figure A15, respectively. UR maps computed for 

two significant months (June 2019, Figure A16; and April 2020, Figure A17) are also shown. 

 

 Multi-categorical statistics 

In the following tables, the percentages of corrected estimates in three different precipitation 

classes are indicated. The percentages are normalized along each column that represent the 

reference for the precipitation (GLDAS and GPCC for the first two tables respectively). The first class 

detects the very low accumulated rain class with PC<1 mm/24h, the second class identifies the 

ŀŎŎǳƳǳƭŀǘŜŘ Ǌŀƛƴ ōŜǘǿŜŜƴ мҖt/ғмл ƳƳκнпƘΣ ǿƘƛƭŜ ǘƘŜ ƭŀǎǘ ƻƴŜ ŎƭŀǎǎƛŦƛŜǎ ǘƘŜ ƘƛƎƘŜǊ ŀŎŎǳƳǳƭŀǘŜŘ 

Ǌŀƛƴǎ όt/җмл ƳƳκнпƘύΦ  

Comparing the first two tables in which P-AC-SEVIRI estimates are classified respect to GLDAS and 

GPCC ones respectively, it is possible to note higher agreement with GLDAS respect to GPCC 

estimates, particularly for higher precipitation class: 55% vs 36%. Generally, the classification is 

more confident for very low accumulates (85-86%) and for highest accumulates. The identification 

of intermediate accumulates is often bad (20-29%) and underestimated by P-AC-SEVIRI respect to 

both reference datasets. 
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Overall 

Multi-Categorical Statistics 

P-AC-SEVIRI vs 

GLDAS 
< 1 mm/24h [1 - 10[ mm/24h җмл ƳƳκ24h 

< 1 mm/24h 86% 53% 23% 

[1 - 10[ mm/24h 9% 29% 22% 

җмл ƳƳκ24h 5% 18% 55% 

Table 55: Multi-categorical table for product P-AC-SEVIRI versus GLDAS over 24h ï Overall FD validation. The precipitation 

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

 

 

Overall 

Multi-Categorical Statistics 

P-AC-SEVIRI vs GPCC < 1 mm/24h [1 - 10[ mm/24h җмл ƳƳκ24h 

< 1 mm/24h 85% 65% 38% 

[1 - 10[ mm/24h 9% 20% 26% 

җмл ƳƳκ24h 6% 15% 36% 

Table 56: Multi-categorical table for product P-AC-SEVIRI versus GPCC over 24h ï Overall FD validation. The precipitation 

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

 

In the table below, the percentages of estimates in agreement between the two datasets GLDAS 

and  

GPCC for three different precipitation classes are shown. The percentages are normalised along 

each column represented by GPCC for the first columns and GLDAS for the second columns in each 

class, respectively. 

The agreement is very good for lower precipitation class (93-96%), but it decreases by increasing 

the precipitation accumulates. In fact, the agreement for the intermediate accumulated class range 

between 34% and 47%, while for higher accumulates range between 31 and 37% with respect GPCC 

and GLDAS, respectively.  
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Overall 

Multi-Categorical Statistics 

GLDAS vs GPCC  

and vice versa 
< 1 mm/24h [1 - 10[ mm/24h җмл ƳƳκ24h 

< 1 mm/24h 96% 93% 57% 40% 31% 17% 

[1 - 10[ mm/24h 4% 7% 34% 47% 38% 46% 

җмл ƳƳκ24h 0% 0% 9% 13% 31% 37% 

Table 57: Multi-categorical table for GLDAS versus GPCC (and vice versa) over 24h Overall FD validation. The precipitation 

classes in the first columns are relative to GLDAS dataset; in the second columns are relative to GPCC dataset. 

 

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

AC-SEVIRI product. 

It is important to note that the best agreement for higher precipitation accumulates is reach for P-

AC-SEVIRI estimates in comparison with GLDAS ones (55%). 

 

5.1.5 Quality assessment for product P-IN-SEVIRI-CO (H15A) 

5.1.5.1 Overview 

Product ID (Acronym) H15A (P-IN-SEVIRI-CO) 

Product name Blended SEVIRI Convection area/ LEO MW Convective Precipitation 

Algorithm version 

number 

Latest version: 1.0 

Version considered for Q.A.: 1.0 

Covered period 01/06/2019 ς 31/05/2020 

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

Multi-categorical 

statistics 

POD, FAR, CSI 

Contributing 

countries 

BE, BU, DE, HU, IT, PL, SK, TR 

 

P-IN-SEVIRI-CO product estimates the convective precipitation over the EU domain (H SAF area). 

Therefore, validation has been performed uniquely using GRD measurements over EU area: rain 

gauge and radar estimates as reference data in 8 European countries for the full 1-year period as 
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above indicated. The accuracy of P-IN-SEVIRI-CO product has been evaluated by each country for 

GRD precipitation rates detected above 5 mm/h. The percent confidence parameter available in the 

satellite product was used in the validation procedure: only estimates with high confidence value 

(>50%) are evaluated. Moreover, only satellite FOVs covered by ground data for more than 50% are 

assessed in the validation procedure to increase the significance of the statistical sample. Results 

are computed on more than 200 million pairs of satellite-ground data. 

 

5.1.5.2 User requirement compliance 

In Table 58 ǘƘŜ ǳǎŜǊ ǊŜǉǳƛǊŜƳŜƴǘ ǘƘǊŜǎƘƻƭŘǎ ŦƻǊ tw җ р ƳƳκƘ ŀǊŜ ǊŜǇƻǊǘŜŘ ƻƴ ǘƘŜ ƭŜŦǘ ǎƛŘŜΦ ¢ƘŜ 

accuracy obtained for P-IN-SEVIRI-CO product in the validation period with radar and rain gauge 

data is summarized. Results show all values around the target requirement (170%): values obtained 

in comparison with radar are between threshold and target, while in comparison with gauges are 

below the target. On average, the overall result is slightly above the target with value equal to 172%. 

 

 

 

 

P-IN-SEVIRI-CO Annual average of FSE (%) 

Precipitation Class 
Requirement (FSE %) Radar 

(Land) 

Radar 

(Sea) 

Radar 

(Coast) 

Gauge 

(Land) 
OVERALL 

thresh target optimal 

җ рƳƳκƘ 200 170 120 177 173 198 153 172 

Table 58: UR and compliance analysis for product P-IN-SEVIRI-CO. 

 

5.1.5.3 Monthly accuracy 

The accuracy, in terms of FSE%, is shown in Figure 33 in comparison with radar (panel a) and rain 

gauge data (panel b). The background colours highlight the requirement areas as indicated in the 

Table 58. The horizontal black lines show the corresponding FSE values computed for the full period. 

The overall results are shown in panel c, while in the panel d is reported the percentage contribution 

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

 

The accuracy of P-IN-SEVIRI-/h ǇǊƻŘǳŎǘ ŘƻŜǎƴΩǘ ǎƘƻǿ ǎǘŀōƭŜ ǾŀƭǳŜǎ ƻǊ ŀƴȅ ŎƭŜŀǊ ǎŜŀǎƻƴŀƭ ǘŜƴŘŜƴŎȅ 

during the full period under review. Results are better for gauge comparison with respect to radar 

one. The mean overall accuracy (172% in panel c) is slightly above the target requirement (170%). 

Between target  

and optimal 

Between threshold 

and target 

Threshold exceeded 

by < 50 % 

Threshold exceeded  

ōȅ җ рл ҈ 
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As shown in panel d, gauge data represent only a quarter of the full dataset: the most part of data 

are instead represented by radar estimates, mainly over land (62%). 

 

 

Figure 33: P-IN-SEVIRI-CO annual validation using Radar (a) and Gauge (b) as ground reference. The Overall 

validation is shown in the panel c). Background colours highlight the User Requirement thresholds as reported in Table 

58. The horizontal black line indicates the accuracy value computed for the full period. The single ground contributions 

are displayed in the panel d). 

 

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

ǊŜŦŜǊŜƴŎŜ Řŀǘŀ ŦƻǊ tw җ р ƳƳκƘ ŀǊŜ ǊŜǇƻǊǘŜŘ ƛƴ !ǇǇŜƴŘƛȄ 1.9. 

5.1.5.4 Multi -Categorical statistics 

In the following tables, the first column indicates the precipitation classes of the satellite product, 

while along the columns are reported the ground precipitation classes. The first class detects the 

Ǌŀƛƴ ōŜǘǿŜŜƴ м ŀƴŘ р ƳƳκƘΣ ǘƘŜ ǎŜŎƻƴŘ Ŏƭŀǎǎ ƛŘŜƴǘƛŦƛŜǎ ǘƘŜ ƛƴǘŜǊƳŜŘƛŀǘŜ Ǌŀƛƴ ǊŀǘŜǎ όрҖtwғмл 

ƳƳκƘύΣ ǿƘƛƭŜ ǘƘŜ ƭŀǎǘ ƻƴŜ ŎƭŀǎǎƛŦƛŜǎ ǘƘŜ ƘƛƎƘŜǊ ǊŀǘŜǎ όtwҗмл ƳƳκƘύΦ 
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The P-IN-SEVIRI-CO product detects the rain rates below 5 mm/h in 64% of total cases, with values 

ranging from 60% with rain gauges up to 66% over sea with radars. Intermediate rainfall intensities 

are detected on average in the 13% of total cases. The underestimation is more pronounced in 

comparison with radars. Finally, higher rain rates show a probability of success equals to 34%, with 

peaks of 40% with gauges.  

Generally, for all precipitation above 5 mm/h, P-IN-SEVIRI-CO performs better respect to gauge 

measurements than respect to radar estimates, mainly for heavy rainfall rates. 

 

Radar Land | Sea | Coast 

Multi-Categorical Statistics 

P-IN-SEVIRI-CO vs GRD [1 - 5[ mm/h [5 - 10[ mm/h җмл ƳƳκƘ 

[1 - 5[ mm/h 65% 66% 59% 61% 61% 56% 55% 53% 48% 

[5 - 10[ mm/h 12% 13% 13% 12% 14% 14% 13% 14% 13% 

җмл ƳƳκƘ 23% 21% 28% 27% 26% 30% 32% 32% 39% 

Table 59: Multi-categorical table for product P-IN-SEVIRI-CO ï radar validation over land, sea and coast areas. The 

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

 

Gauge Land 

Multi-Categorical Statistics 

P-IN-SEVIRI-CO vs GRD [1 - 5[ mm/h [5 - 10[ mm/h җмл ƳƳκƘ 

[1 - 5[ mm/h 60% 53% 44% 

[5 - 10[ mm/h 14% 15% 16% 

җмл ƳƳκƘ 25% 31% 40% 

Table 60: Multi-categorical table for product P-IN-SEVIRI-CO ï rain gauge validation over land. The precipitation classes 

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

 

Overall 

Multi-Categorical Statistics 

P-IN-SEVIRI-CO vs GRD [1 - 5[ mm/h [5 - 10[ mm/h җмл ƳƳκƘ 

[1 - 5[ mm/h 64% 59% 52% 

[5 - 10[ mm/h 13% 13% 14% 
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җмл ƳƳκƘ 23% 28% 34% 

Table 61: Multi-categorical table for product P-IN-SEVIRI-CO ï Overall validation. The precipitation classes along the 

columns (rows) are relative to ground (satellite) precipitation. 
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 Soil Moisture Products Quality Assessment (Synthesis Results) 

5.2.1 Quality assessment for product SSM ASCAT NRT DIS (H08) 

 

 

Figure 34 ï Pearsonôs correlation coefficient between in situ observations and the test data set for the different 

hydrological years. The tick magenta line refers to the validation for the 2019-2020 period. 

 

 

In situ observations 

Requirement (CC) 
Median Correlation Coefficient (CC) 

Threshold Target Optimal 

0.50 0.65 0.80 

Period SMOSMANIA 

JJA 0.22 

SON 0.80 

DJF 0.70 

MAM 0.60 

June 2019 - May 2020 0.67 

Table 62 Median Correlation Coefficient (CC) for the comparison between the test data set and in situ observations 
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5.2.1.1 Modelled data 

 

Modelled data 

Requirement (CC) 
Median Correlation Coefficient (CC) 

Threshold Target Optimal 

0.50 0.65 0.80 

Period SCHEME (Belgium) 

JJA 0.34 

SON 0.81 

DJF 0.21 

MAM 0.74 

June 2019 - May 2020 0.76 

Table 63 Median Correlation Coefficient (CC) for the comparison between the test data set and modelled data. 

 

5.2.1.2 Conclusions 

The validation of the test data set through in situ data is carried out for the period June 2018 - May 

2019. As mentioned above, only the comparison with in situ observations is appropriate. Therefore, 

even though also the comparison with modelled data is reported here, the conclusions about the 

product accuracy should be drawn only by considering the 19 stations inTable 62. 

On this basis, it is obtained that in terms of median performances at annual scale (Table 63), the 

test data set overcomes the threshold accuracy requirements for 13 out 18 stations, and for 13 

stations the target accuracy is exceeded. The median Correlation Coefficient (CC) for the whole 

period is equal to 0.67 (Table 63). By considering the 3-month periods, the higher values are 

obtained in the SON period (CC=0.80) and the lower in the JJA period (CC=0.22). 

It should be also underlined the comparison with modelled data in Belgium the product 

performance is very good, close to the optimal accuracy (CC=0.76). 
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5.2.2 Quality assessment for product  SM-DAS-2 (H14) 

5.2.2.1 In situ comparison 

 

Figure 35 Box plots of CC values between in situ observations and SM-DAS-2 for the period 2019-06-01 until 2020-05-

31. The surface SM scores are on the left and include the CC and anomaly CC. The root-zone SM scores are on the right 

and include the CC only (anomaly CC not relevant for the root-zone). 
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5.2.2.2 Global Triple Collocation 

 

 

Figure 36 Summary of validation results of H14 NRT for the period 2019-06-01 until 2020-05-31. The percentage of 

non-valid is shown for global map. The valid results are further divided into the pre-defined thresholds. The map on 

top depicts the spatial distribution of the different groups. 

5.2.2.3 Conclusions 

The SM-DAS-2 product was validated for the period 1/06/2019 to 31/5/2020 using in situ 

observations and comparisons with other land surface/hydrological model outputs. The statistical 

scores presented were based on the common validation methodology outlined at the start of CDOP-

2. 

To assess the degree of compliance of the product with requirements, 375 (299) stations with in situ 

surface (root-zone) measurements over 4 networks (3 in the USA and 1 in France) were used for the 

validation. The in situ measurements were taken using electromagnetic techniques, which provide 

indirect but accurate soil moisture observations with a frequent temporal sampling (typically 

hourly). A quality control screened data during frozen conditions. In general, the results 

demonstrated good correlations between H14 and the in situ data, with an average CC of 0.64 and 

0.67 for the surface and root-zone respectively, which are close to the target CC requirement of 

0.65. Particularly good results were demonstrated over the SMOSMANIA network in southwest 

France (CC>0.75). 
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The validation results with triple collocation indicate a good performance for global product, except 

for parts of North America, Northern Europe and Western Australia. On a global scale, a lower 

performance of the H14 NRT can be found in areas with low soil moisture dynamics (e.g. deserts) or 

at higher latitudes (see Figure 36). In the latter case, frozen soil and snow cover make it difficult to 

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

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

threshold/target/optimal requirement shows that nearly 76% of the locations are exceeding the 

minimal threshold and more than 51% exceeds the target threshold (see Figure 36). 

 

5.2.3 Quality assessment for product SSM-ASCAT-B-NRT O12.5 (H16) 

5.2.3.1 Global Triple Collocation 

 

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

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

is indicated as well. 
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Figure 38 Summary of validation results of H16 NRT for the period 2019-06-01 until 2020-05-31. The percentage of non-valid 

and valid results is split into the committed and non-committed product area. The valid results for both areas are further 

divided into the pre-defined thresholds. The map on top depicts the spatial distribution of the different groups. 

 

5.2.3.2 Conclusions 

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

area, except for parts of North America and Northern Europe. On a global scale, a lower 

performance of the H16 soil moisture NRT can be found in areas with low soil moisture dynamics 

(e.g. deserts) or at higher latitudes (see Figure 37and Figure 38). In the latter case, frozen soil and 

snow cover make it difficult to retrieve reliable soil moisture information. Therefore, in these 

regions only summer months can be used for validation. Looking at the distribution of the results 

and comparing them against the threshold/target/optimal requirement shows that more than 73% 

(SNR) and 61% (Pearson R) of the locations are exceeding the minimal threshold and quite 56% 

(SNR) and 44% (Pearson R) are above the target threshold for the committed product area (see 

Figure 37). 
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5.2.4 Quality assessment for product SSM-ASCAT-A-NRT O12.5 (H101) 

5.2.4.1 Global Triple Collocation 

 

Figure 39 The boxplots indicate the distribution of the quality benchmarks globally and just for 

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

is indicated as well. 
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Figure 40 Summary of validation results of H101 NRT for the period 2019-06-01 until 2020-05-31. The percentage of non-

valid and valid results is split into the committed and non-committed product area. The valid results for both areas are 

further divided into the pre-defined thresholds. The map on top depicts the spatial distribution of the different groups 

 

5.2.4.2 Conclusions 

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

area, except for parts of North America and Northern Europe. On a global scale, a lower 

performance of the H101 soil moisture NRT can be found in areas with low soil moisture dynamics 

(e.g. deserts) or at higher latitudes (see Figure 39 and Figure 40). In the latter case, frozen soil and 

snow cover make it difficult to retrieve reliable soil moisture information. Therefore, in these 

regions only summer months can be used for validation. Looking at the distribution of the results 

and comparing them against the threshold/target/optimal requirement shows that more than 72% 

(SNR) and 62% (Pearson R) of the locations are exceeding the minimal threshold and more than 55% 

(SNR) and 44% (Pearson R) are above the target threshold for the committed product area (see 

Figure 39). 
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5.2.5 Quality assessment for product SSM-ASCAT-A-NRT O25 (H102) 

5.2.5.1 Global Triple Collocation 

 

Figure 41 The boxplots indicate the distribution of the quality benchmarks globally and just for 

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

is indicated as well. 
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Figure 42 Summary of validation results of H102 NRT for the period 2019-06-01 until 2020-05-31. The percentage of non-

valid and valid results is split into the committed and non-committed product area. The valid results for both areas are 

further divided into the pre-defined thresholds. The map on top depicts the spatial distribution of the different groups. 

 

5.2.5.2 Conclusions 

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

area, except for parts of North America and Northern Europe. On a global scale, a lower 

performance of the H102 soil moisture NRT can be found in areas with low soil moisture dynamics 

(e.g. deserts) or at higher latitudes (see Figure 41 and Figure 42). In the latter case, frozen soil and 

snow cover make it difficult to retrieve reliable soil moisture information. Therefore, in these 

regions only summer months can be used for validation. Looking at the distribution of the results 

and comparing them against the threshold/target/optimal requirement shows that more than 75% 

(SNR) and 64% (Pearson R) of the locations are exceeding the minimal threshold and more than 58% 

(SNR) and quite 47% (Pearson R) are above the target threshold for the committed product area 

(see Figure 41). 
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5.2.6 Quality assessment for product SSM-ASCAT-B-NRT O25 (H103) 

5.2.6.1 Global Triple Collocation 

 

Figure 43 The boxplots indicate the distribution of the quality benchmarks globally and just for 

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

is indicated as well. 
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Figure 44 Summary of validation results of H102 NRT for the period 2019-06-01 until 2020-05-31. The percentage of non-

valid and valid results is split into the committed and non-committed product area. The valid results for both areas are 

further divided into the pre-defined thresholds. The map on top depicts the spatial distribution of the different groups. 

 

5.2.6.2 Conclusions 

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

area, except for parts of North America and Northern Europe. On a global scale, a lower 

performance of the H103 soil moisture NRT can be found in areas with low soil moisture dynamics 

(e.g. deserts) or at higher latitudes (see Figure 43 and Figure 44). In the latter case, frozen soil and 

snow cover make it difficult to retrieve reliable soil moisture information. Therefore, in these 

regions only summer months can be used for validation. Looking at the distribution of the results 

and comparing them against the threshold/target/optimal requirement shows that quite 75% (SNR) 

and 45% (Pearson R) of the locations are exceeding the minimal threshold and quite 57% (SNR) and 

31% (Pearson R) are above the target threshold for the committed product area (see Figure 43). 
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 Soil Moisture Products Quality Assessment (Result Details) 

Detailed information on the validation of H101, H102, H103, H16, and H14 through the Triple 

Collocation approach are available upon request by reviewers. Specifically, global maps of Pearson 

correlation and Signal to Noise Ratio (SNR) and box plots of results have been produced 

 

5.3.1 Detailed quality assessment for product SSM ASCAT NRT DIS (H08) 

 

5.3.1.1 Introduction 

The validation of the H08 Small-scale SSM by radar scatterometer NRT 1 km sampling product 

(hereafter referred to test data set) is summarized in this document. The document gives an 

overview of the data sets and methods used to validate the test data set. 

 

5.3.1.2 In situ observations 

In situ soil moisture observations for 19 stations in France are selected for the validation of the test 

data set by considering the period June 2019 - May 2020. Figure 45 shows the location of the 

employed soil moisture stations while Table 64 Main information of the soil moisture stations used 

for the test data setsummarizes their main characteristics. 

 

 

Figure 45 Location of in situ stations used for the validation of the test data set 
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ID Network Site Name Latitude Longitude Depth (m) 

1 SMOSMANIA Sabres 44.15 -0.85 0.05 

2 SMOSMANIA Urgons 43.64 -0.44 0.05 

3 SMOSMANIA Creon 43.99 -0.05 0.05 

4 SMOSMANIA Peyrusse 43.67 0.22 0.05 

5 SMOSMANIA Condom 43.97 0.34 0.05 

6 SMOSMANIA Lahas 43.55 0.89 0.05 

7 SMOSMANIA Savenes 43.83 1.18 0.05 

8 SMOSMANIA Montaut 43.19 1.64 0.05 

9 SMOSMANIA St Felix 43.44 1.88 0.05 

10 SMOSMANIA Mouthoumet 42.96 2.53 0.05 

11 SMOSMANIA Lezignan 43.17 2.73 0.05 

12 SMOSMANIA Prades 43.72 3.86 0.05 

13 SMOSMANIA La Grand Combe 44.24 4.01 0.05 

14 SMOSMANIA Mazan Abbaye 44.73 4.08 0.05 

15 SMOSMANIA Villevieille 43.80 4.09 0.05 

16 SMOSMANIA Barnas 44.67 4.14 0.05 

17 SMOSMANIA Mejannes 44.22 4.34 0.05 

18 SMOSMANIA Berzeme 44.63 4.57 0.05 

19 SMOSMANIA Cabrieres 43.88 5.16 0.05 

Table 64 Main information of the soil moisture stations used for the test data set 

 

5.3.1.3 Modelled data 

A further validation of the test data set is carried out through a comparison with modelled data 

deriving from hydrological model. In particular, the hydrological model SCHEME applied to one basin 

in Belgium, and the ISBA model in Bulgaria, are considered. This comparison is carried out only to 

provide a wider assessment of the product, also in relation to its use for hydrological applications. 

However, it will be not used for the verification of the product requirements. 

5.3.1.4 Method of comparison 

The performance metrics used for the evaluation of the accuracy of the test data set are the 

correlation coefficient, CC, the Root Mean Square Difference, RMSD, and the BIAS or mean error 

(satellite minus in situ), BIAS. The test data set is an index between 0 and 1 while in situ 

measurements of soil moisture are usually expressed in m3m-3. Therefore, accordingly to the 
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product validation reports, the in situ observations are converted between 0 and 1 by linearly 

rescaling for the maximum and minimum values. As the rescaling is carried out by considering 1-

year dataset, it could be that 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, that is the score to be used for the 

assessment of the product requirements. Then, the comparison with the test data set is carried out 

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

5.3.1.5 Results for in situ observations 

The validation with in situ observations is carried out with the same SMOSMANIA stations in the last 

seven hydrological years thus allowing to check the performances of the test data set through years. 

Figure 46 shows ǘƘŜ tŜŀǊǎƻƴΩǎ correlation at annual scale for stations (17) available from 2011. As 

it can be seen, the performances are consistent over time with the majority of the stations having a 

performance score exceeding the threshold. More specifically, in the period 2019-2020 the CC 

values are the highest with respect to all previous period, with a median value equal to 0.68. 

By comparing the prescribed requirements with the obtained results for all the in situ sensors (19 

stations reported in Table 64), it is found that 72%, 61% and 5% of data overcomes the threshold, 

target and optimal requirements, respectively. 

To summarize the results of the comparison of satellite and in situ observations, Table 65 reports 

the median CC for the in situ sensors by considering the whole period and the different seasons. 

Therefore, the median CC for the comparison with in situ stations is equal to 0.67, with a value 

exceeding the Target requirement. 
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Figure 46 tŜŀǊǎƻƴΩǎ ŎƻǊǊŜƭŀǘƛƻƴ ŎƻŜŦŦƛŎƛŜƴǘ ōŜǘǿŜŜƴ ƛƴ ǎƛǘǳ ƻōǎŜǊǾŀǘƛƻƴǎ ŀƴŘ ǘƘŜ ǘŜǎǘ Řŀǘŀ ǎŜǘ ŦƻǊ ǘƘŜ ŘƛŦŦŜǊŜƴǘ 

hydrological years. The tick light blue line refers to the validation for the 2019-202- period 

 

In situ observations 

Requirement (CC) 
Median Correlation Coefficient (CC) 

Threshold Target Optimal 

0.50 0.65 0.80 

Period SMOSMANIA 

JJA 0.22 

SON 0.80 

DJF 0.70 

MAM 0.60 

June 2019 - May 2020 0.67 

Table 65 Median Correlation Coefficient (CC) for the comparison between the test data set and in situ observations. 

 

5.3.1.6 Results for modelled data 

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

summary results are reported inTable 66. The median CC for the comparison with modelled data in 

Belgium is equal to 0.76, with a value close to the Optimal requirement. 
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Modelled data 

Requirement (CC) 
Median Correlation Coefficient (CC) 

Threshold Target Optimal 

0.50 0.65 0.80 

Period SCHEME (Belgium) 

JJA 0.34 

SON 0.81 

DJF 0.21 

MAM 0.74 

June 2019 - May 2020 0.76 

Table 66 Median Correlation Coefficient (CC) for the comparison between the test data set and modelled data 

 

5.3.1.7 Conclusions 

In this report, the validation of the test data set through in situ data is carried out for the period 

June 2018 - May 2019. As mentioned above, only the comparison with in situ observations is 

appropriate. Therefore, even though also the comparison with modelled data is reported here, the 

conclusions about the product accuracy should be drawn only by considering the 19 stations in Table 

64. 

On this basis, it is obtained that in terms of median performances at annual scale (Table 65), the 

test data set overcomes the threshold accuracy requirements for 13 out 18 stations, and for 13 

stations the target accuracy is exceeded. The median Correlation Coefficient (CC) for the whole 

period is equal to 0.67 (Table 65). By considering the 3-month periods, the higher values are 

obtained in the SON period (CC=0.80) and the lower in the JJA period (CC=0.22). 

It should be also underlined the comparison with modelled data in Belgium the product 

performance is very good, close to the optimal accuracy (CC=0.76). 

 

 

5.3.2 Detailed  quality assessment for product  SM-DAS-2 (H14) 

 

5.3.2.1 Sensing principle 

Product SM-DAS-2 (Liquid root zone soil moisture by scatterometer data assimilation) results from 

assimilating the SM-OBS-1 product distributed by the EUMETSAT CAF.  Product SM-OBS-1 is based 

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

in a push-broom mode by six side-looking antennas, three left-hand, three right-hand.  On each side, 

the three antennas, looking aside, + 45 degrees and - 45 degrees respectively, provide three views 
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of each earth location under different viewing angles measuring three backscattering coefficients 

at slightly different time.  Each antenna triplet provides a wide swath of 550 km.  The two swaths 

leave a gap (close to the sub-satellite track) of ~ 670 km.  Global coverage over Europe is achieved 

in ~ 1.5 days. 

 

The basic instrument sampling distance is 12.5 km. The primary ASCAT observation, sea-surface 

wind, is processed at 50 km resolution.  For soil moisture, processing is performed at 50 km 

(operational) and 25 km (research) resolution. For the purpose of SM-DAS-2, the 25-km resolution 

SM-OBS-1 product is assimilated in the ECMWF Land Data Assimilation System (LDAS), as shown in 

Figure 47. 

 
Figure 47 SM-DAS-2 production chain based on ASCAT surface soil moisture data assimilation in the ECMWF Land Data 

Assimilation System 
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Figure 48 Hydrology Tiled ECMWF Scheme for Surface Exchanges over Land 

 

The advanced land surface data assimilation system is in continuous development at ECMWF to 

retrieve root zone soil moisture profile index from ASCAT surface soil moisture index (CAF product). 

The SM-DAS-2 production is based on a Simplified Extended Kalman Filter (EKF).  ECMWF generates 

SM-DAS-2 (Liquid Root zone soil moisture), thereafter ZAMG disseminates the products. 

 

In the soil moisture assimilation system, the surface observation from ASCAT is propagated towards 

the roots region down to 2.89 m below surface, providing estimates for 4 layers (thicknesses 0.07, 

0.21, 0.72 and 1.89 m).  Only the first three layers are analysed, but information is implicitly 

propagated to the 4th layer during the short forecasts between assimilation cycles. The ECMWF 

model generates soil moisture profile information according to the Hydrology Tiled ECMWF Scheme 

for Surface Exchanges over Land (HTESSEL) (see Figure 48). The assimilation scheme constrains the 

first guess forecast by the observations, and weights them according to their respective 

uncertainties. SM-DAS-2 is available at 24-hour time steps, with a global daily coverage at 00:00 

UTC. SM-DAS-2 is produced in a continuous way in order to ensure the time series consistency of 

the product (and also to provide values when there is no satellite data, from the model 

propagation).    The SM-DAS-2 product is the first global product of consistent surface and root zone 

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

The baseline algorithm for SM-DAS-2 processing is described in ATBD-14.  Only essential elements 

are highlighted here. 

The liquid root zone soil moisture product to be generated at ECMWF (see flow chart in Figure 49) 

is the result of a data assimilation process.  The input consists of the large-scale global surface soil 

ƳƻƛǎǘǳǊŜ ǇǊƻŘǳŎǘ ƎŜƴŜǊŀǘŜŘ ŀǘ 9¦a9¢{!¢ όΨƻōǎŜǊǾŀǘƛƻƴΩύ ŀƴŘ ƳƻŘŜƭƭŜŘ Ǌƻƻǘ ȊƻƴŜ ǎƻƛƭ Ƴƻƛsture 

όΨŦƛǊǎǘ ƎǳŜǎǎΩύΦ ¢ƘŜ ƻǳǘǇǳǘ ŦǊƻƳ ǘƘŜ ƭŀƴŘ ǎǳǊŦŀŎŜ Řŀǘŀ ŀǎǎƛƳƛƭŀǘƛƻƴ ƛǎ ŀ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ƻǇǘƛƳŀƭ ǇǊƻŘǳŎǘ 

conditioned by the general characteristics of the ECMWF model. 

 

Figure 49 Flow chart of the liquid root zone soil moisture 

 

To integrate the satellite based observations in the forecast system, ASCAT swath based data sets 

are archived in BUFR format. For developing the observation operators, daily composite soil 

moisture images were also archived in GRIB format. 

The soil moisture is expressed in volumetric units in the model and data assimilation. Three post-

processing steps are required to convert the soil moisture analysis from volumetric units to a liquid 

soil wetness index (SWI): 
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1) Approximation of frozen fraction (F) of soil moisture (SM) below the field capacity. It is assumed 

ǘƘŀǘ ǿƘŜƴ ǘƘŜ ǎƻƛƭ ƭŀȅŜǊ ƛǎ ōŜƭƻǿ ҍо°C the SM is completely frozen and above 1°C the SM is 

completely non-ŦǊƻȊŜƴΦ Lƴ ōŜǘǿŜŜƴ ҍо°C and 1°C the frozen fraction is calculated according to a 

linear relationship: 

Æ
ρ 4

τ
 

ǿƘŜǊŜ ¢ ƛǎ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ƻŦ ǘƘŜ ǎƻƛƭ όƛƴ /ύΦ  

2) Approximation of the liquid volumetric soil moisture. It is assumed that only water below the field 

capacity (SMcap) can be frozen i.e. all water above the field capacity is non-frozen. If the SM is below 

the field capacity, the liquid soil moisture is simply calculated as:  

3- ρ Æ 3- 

If the SM is above the field capacity (3- ) then: 

3- 3- 3- ρ Æ 3- 3- Æ 3-  

3) Conversion of liquid soil moisture to liquid soil wetness index (SWI): 

 

37)
3-

3-
ȟ 

 

where 3-  is the soil moisture at saturation. Note that the parameters (3- ȟ3- ) are 

approximated based on the soil texture and vary depending on the fraction of clay, sand and loam 

in the soil. The SWI is bounded by (0,1), where 0 corresponds to the lower physical limit and 1 is the 

saturation point of the soil. 

 

5.3.2.3 Main operational characteristics 

ECMWF contribution to H-SAF consists in developing, producing and validating a global scale root 

zone soil moisture index product based on ASCAT soil moisture data assimilation. The resulting soil 

moisture product is delivered by ECMWF to ZAMG and disseminated to EUMETSAT. The product 

name is H14 according to the SAFs products names terminology; it is also referred to as SM-DAS-2 

internally to the H-SAF.  

 Horizontal resolution and sampling 

¢ƘŜ ƘƻǊƛȊƻƴǘŀƭ ǊŜǎƻƭǳǘƛƻƴ όɲȄύΦ  ¢ƘŜ ŜŦŦŜŎǘƛǾŜ ǊŜǎƻƭǳǘƛƻƴ ƛǎ ŘǊƛǾŜƴ ōȅ {a-DAS-2 production chain 

resolution which is ~ 25 km.  The land surfaces processes are resolved on a discrete grid which 
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determines the effective soil moisture product resolution.  The discrete grid is a Gaussian reduced 

grid at T799.  

 Vertical resolution if applicable 

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

cm, and 100 cm to 289 cm. 

 Observing cycle and time sampling 

The SM-DAS-2 product is produced daily at 00UTC, based on assimilation of the global CAF surface 

soil moisture index product (SM-OBS-1) in the ECMWF H-TESSEL Land Surface Model. Although the 

ASCAT CAF product observing cycle over European latitudes is ~ 36 h, the assimilation process 

leading to the SM-DAS-2 product has its own time evolution.  The product is outputted at 24-hour 

intervals at 00 UTC.  

 Timeliness 

For a continuous assimilation process it is difficult to identify the time lag between the observation 

and ǘƘŜ ǇǊƻŘǳŎǘ ƻǳǘǇǳǘΦ  .ȅ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ǘƛƳŜ ƴŜŜŘŜŘ ōȅ ǘƘŜ ƳƻŘŜƭ ǘƻ άŘƛƎŜǎǘέ ǎƻƛƭ ƳƻƛǎǘǳǊŜ 

observation, the SM-DAS-2 timeliness is 36 hours. 

 

5.3.2.4 Validation strategy, methods and tools 

 Validation team and work plan 

To evaluate the accuracy of the H-SAF Soil Moisture (SM) products a Validation Group has been 

established at the beginning of the project Validation Phase. The Soil Moisture Product Validation 

team is composed of experts from the National Meteorological and Hydrological Institutes of 

Austria, Belgium, Bulgaria, France, Italy, Turkey, Germany and ECMWF (see Figure 50). Hydrologists, 

meteorologists, and soil moisture data experts, coming from these countries are involved in the SM 

product validation activities.  

 

SM-DAS-2 has been submitted to validation in several countries following the common validation 

methodology here described. The obtained results are presented in sections 5.3.2.5 and 5.3.2.6.  
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Soil Moisture Products 

Validation Group 

Coordination:  

Italy (DPC)   

 

         

             

Austria 

TU-Wien 

Belgium  

RMIB 

Bulgaria  

NIMH-BAS 

UK 

ECMWF  

  France 

 Météo 

France 

Turkey  

ITU TSMS 

 

 

Germany   

BAFG 

Figure 50: Structure of the soil moisture products validation team 

 

Reference 

person 

Institute Country Email address 

Silvia Puca  

Dipartimento Protezione 

Civile (DPC) Italy silvia.puca@protezionecivile.it 

Wolfgang 

Wagner 

Technische Universität Wien  

(TU-Wien) Austria ww@ipf.tuwien.ac.at 

Stefan 

Hasenauer 

 Technische Universität Wien  

(TU-Wien) Austria sh@ipf.tuwien.ac.at 

Pierre Baguis 

Royal Meteorological 

Institute of Belgium (RMIB) Belgium Pierre.Baguis@meteo.be  

Emmanuel 

Roulin 

Royal Meteorological 

Institute of Belgium (RMIB) Belgium Emmanuel.Roulin@meteo.be  

Veska 

Georgieva 

National Institute of 

Meteorology and Hydrology 

(NIMH) Bulgaria Veska.Georgieva@meteo.bg 

Eram Artinyan 

National Institute of 

Meteorology and Hydrology 

(NIMH) Bulgaria eram.artinian@meteo.bg 

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

Kazandjiev 

National Institute of 

Meteorology and Hydrology 

(NIMH) Bulgaria valentin.kazandjiev@meteo.bg 

Patricia de 

Rosnay 

European Centre for 

Medium-Range Weather 

Forecasts (ECMWF) UK 

patricia.rosnay@ecmwf.int 

 

David Fairbairn 

European Centre for 

Medium-Range Weather 

Forecasts (ECMWF) UK david.fairbairn@ecmwf.int 

Jean-Christophe   

Calvet Météo-France France  

jean-

christophe.calvet@meteo.fr 

 

Mehrez Zribi LATMOS France    

Ibrahim Sonmez 

Turkish State Meteorological 

Service (TSMS) Turkey  isonmez@dmi.gov.tr 

Asta Kunkel 

German Federal Institute of 

hydrology (BAFG) Germany Asta.kunkel@bafg.de   

Peter Krahe 

German Federal Institute of 

hydrology (BAFG) Germany Krahe@bafg.de 

Jens Wilhelmi 

German Federal Institute of 

hydrology (BAFG) Germany wilhelmi@bafg.de  

Table 67 Validation team for soil moisture products 

 

The Soil Moisture products validation programme was started during the development phase of the 

project and was finalized during the last H-SAF Products and Hydro Validation Workshop hosted by 

Italian Civil Protection in Rome, 29 of November - 2 of December 2011. Experts of several European 

Institutes as University of Wien, ECMWF, University of RƻƳŜ Ψ[ŀ {ŀǇƛŜƴȊŀΩΣ 9{!- ESRIN, National 

Research Council, Research Institute for Geo-Hydrological Protection etc. attended the validation 

workshop and participated in defining the common validation methodology here reported. 

 

 Validation objects and problems 

The products validation activity inside the H-SAF project has to serve multiple purposes: 

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

mailto:valentin.kazandjiev@meteo.bg
mailto:patricia.rosnay@ecmwf.int
mailto:clement.albergel@ecmwf.int
mailto:jean-christophe.calvet@meteo.fr
mailto:jean-christophe.calvet@meteo.fr
mailto:isonmez@dmi.gov.tr
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¶ to characterise the product error structure in order to enable the Hydrological validation 
programme to appropriately use the data;  

¶ to provide information on product error to accompany the product distribution in an open 
environment, after the initial phase of distribution limited to the so-ŎŀƭƭŜŘ άōŜǘŀ ǳǎŜǊǎέΦ 

 

Validation is obviously challenging in the case of soil moisture, both because the sensing principle 

from space is indirect, and because of the sparseness of in situ measurements.  

It is known that an abǎƻƭǳǘŜ ΨƎǊƻǳƴŘ ǘǊǳǘƘΩ ŘƻŜǎ ƴƻǘ ŜȄƛǎǘΦ In the H-SAF project the validation is based 

on comparisons of satellite products with reference data sets, which can be in situ data or 

hydrological model parameters.  

 Validation methodology 

In this document the guidelines to validate the SM-DAS-2 product inside the H-SAF are described. 

The common validation methodology is based on in situ data comparisons to produce a long 

statistical and case study analysis. Both components (long statistical and case study analysis) are 

considered complementary in assessing the accuracy of the implemented algorithms. The long 

statistical analysis helps in identifying the possible existence of a pathological behaviour, while 

selected case studies are useful in identifying the roots of such behaviour, when present.  

Each institute decides whether to use ancillary data or evaluate specific error analysis. The main 

steps of the validation procedure are:  

¶ in situ and SM-DAS-2 data series consistency check,  

¶ comparison between in situ  data and the SM-DAS-2, 

¶ statistical scores evaluation (seasonal analysis), 

¶ case study analysis. 

  

The Product accuracy requirements are recorded inTable 68. 

 Product accuracy requirements and validation metrics 

 

During CDOP2, Accuracy Requirements for products H14 / SM-DAS-2 have been given in Correlation 

Coefficient (CC). 

 

The high spatial variability of in situ soil moisture (SM) used for validation as well as SM data set 

specific characteristics suggests that CC should be the main score to be evaluated. On this basis the 

soil moisture products development and validation groups propose to change the main score to 

evaluate the "Product Requirements" for H14 products from the RMSD to the CC. Table 2 presents 

the new User requirements adopted for the CDOP2.  
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Unit threshold target optimal 

Dimensionless 0.50 0.65 0.80 

Table 68 Accuracy requirements for product SM-DAS-2 [CC] 

 

Supportive scores are: the Root Mean Square Difference (RMSD), Mean Error (or bias, ME), and the 

Standard Deviation (SD). The Correlation Coefficient should be applied to normalised time-series 

(H14 is an index) as well as to monthly anomalies time series. A period of one year has to be 

considered for the evaluation. Detailed equations and more information on the validation 

methodology can be found in Annex 1 of Albergel (2011). 

 

5.3.2.5 Validation results: case study analysis 

  Introduction  

As reported in the introduction, the common validation methodology is composed of a long 

statistical and case study analysis. Both components (long statistical and case study analysis) are 

considered complementary in assessing the accuracy of the implemented algorithms. The first case 

study is the comparison of H14 with the SCHEME hydrological model in Belgium (3.2), followed by 

an in situ soil moisture validation in Bulgaria (3.3). This is followed by a detailed comparison with 

lysimeter observations over a site in Germany (3.4).  

  Case study analysis in Belgium at RMIB 

The RMIB validation activity concerning the SM-DAS-2 product consists in its comparison with the 

soil moisture content of the two soil reservoirs in the SCHEME hydrological model. This is therefore 

a comparison from model to model even if both are using different information and the validation 

is indirectly achieved with the comparison of the streamflow simulated by the SCHEME hydrological 

model with the streamflow measured at the corresponding gauge station during the reference 

period. 

The SCHEME hydrological model (for SCHEldt and MEuse) is a semi-distributed version of the 

conceptual model developed by Bultot and Dupriez (1976a,b). Evapotranspiration is estimated by 

depleting the content of conceptual reservoirs for water intercepted by vegetation and for two soil 

layers, in comparison with a potential value given by a Penmann formulation. As this model is aimed 

at simulating the hydrograph, the saturation threshold of the upper layer of the soil is optimized for 

the surface runoff during rainy periods in a calibration dataset whereas the saturation threshold of 

the zone of aeration is obtained by comparing the cumulated evapotranspiration and the deficit of 

flow over the reference period. The latter parameter is a function of the cover (seven vegetated 

covers are defined) and of the month. In the SCHEME model, the same design is applied within each 

cell of 7 km ³ 7 km. The saturation threshold of the upper layer ς like another tenth of model 

parameters ς is optimized on a set of gauged sub-catchments and the values are afterwards 
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regionalized over the entire Meuse and Scheldt basins using empirical relationships with 

geographical indices. The soil moisture of the upper layer has been shown to compare well with 

gravimetric data from a field survey (Roulin, 2002). 

 

 
Figure 51: Map of Belgium with the watershed of the Demer at Molenstede 

 

In the figure above a grid is shown of the SCHEME hydrological over the Scheldt basin (upstream 

Antwerp, in blue), and 10 grid cells of SM-DAS-2 intersecting with the Demer catchment (in green). 

In this report, the SM-DAS-2 product is compared with the water content of the two soil layers. 

These results have been obtained for the Demer catchment in the Scheldt basin (Figure 52). The 

Demer catchment is considered at the gauged station at Molenstede (1775 km2). It is characterized 

by a fairly flat topography, loamy soils in the upstream part and humid sandy-loamy soils more 

downstream, and it is mainly covered with crops and pasture. 

 

The spatial resolution of SM-DAS-2 and SCHEME differ both in area and in depth. For this reason, 

the SM-DAS-2 values have been averaged over three grid cells that have an intersection greater than 

50% with the catchment. The SCHEME data have been averaged over the vegetation covers and 

over the catchment. The upper layer of SCHEME has been compared with the first layer of SM-DAS-

2. Soil moisture has been expressed in saturation percentage. For SCHEME, the water depth of the 

conceptual reservoir has been divided by the saturation threshold. For SM-DAS-2, soil moisture 

index, S, has been further rescaled according to:  

 

ὖὭȟὮ ρππὛὭȟὮ ÍÉÎὛὭȟz Ⱦρ ὛὭȟὮ  

 

where i refers to the considered layer and j is the day. 
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The lower layer of SCHEME corresponds to a zone comprising a fraction of the first layer of SM-DAS-

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

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

capacity of the two SCHEME soil reservoirs. Since the capacity of the reservoir corresponding to the 

saturation zone varies with the month, so do the weights. 

 

The results are shown in the next two figures as time-series of the percentage of saturation. The 

upper soil layer of the hydrological model reaches saturation on several occasions (particularly 

during winter) whereas SM-DAS-2 does not. The capacity of the upper layer of the SCHEME model 

is ~10 mm over the Demer catchment whereas the capacity of the first layer of SM-DAS-2 is 

estimated ~18 mm. Most of the events are detected in both series. The time evolution of the 

saturation of the lower layer of the SCHEME model and the weighted average of the saturation over 

the SM-DAS-2 soil profile are similar despite the different modelling approaches and the various 

approximations involved in the comparison. A correlation coefficient of 0.89 is obtained between 

the first layer of SM-DAS-2 and the upper layer of the SCHEME model. A correlation coefficient of 

0.88 is found between the lower layer of the SCHEME model and a weighted average of the values 

of the three first SM-DAS-2 layers. 

 

 
Figure 52: Saturation percentage of the SM-DAS-2 first soil layer (red) and of the SCHEME upper layer (blue) for the Demer 

(June 2019 ïMay 2020) 
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Figure 53: Saturation percentage of the SM-DAS-2 first three layers (weighted average in green) and the SCHEME lower 

layer (blue) (June 2019 - May 2020). 

 

The streamflow was simulated using the SCHEME model for the Demer at Molenstede for the period 

June 2019 - May 2020 and has been compared with the measured streamflow. The Correlation 

Coefficient for this comparison is CC = 0.94 and the Nash-Sutcliffe efficiency coefficient N-S = 0.86. 

It must be noted that the SCHEME model does not take anthropogenic water management actions 

into account and these actions sometimes reflect on the hydrograms. The hydrograms may be found 

ƛƴ ǘƘŜ ǊŜǇƻǊǘǎ ƻŦ ǘƘŜ άƘȅŘǊƻ-ǾŀƭƛŘŀǘƛƻƴέ ǇǊƻƎǊŀƳ ƻŦ ǘƘŜ ǎŀƳŜ ǇǊƻƧŜŎǘΦ  

 

 Case study analysis in Bulgaria (NIMH Sofia) 

 

Introduction 

The H14 root-zone soil moisture over Bulgaria was validated over the hydrological year (1/6/19 to 

31/5/20). The validation was performed by comparing the h14 soil moisture with automatic in situ 

measurements from 10 stations over the agro-meteorological network of NIMH-BAS (Georgieva et 

al., 2011, Kazandjiev et al., 2014). The climate type of the region is temperate continental and 4 of 

the stations (above 800 m) are influenced by mountainous climate conditions.  

 

A comparison of H14 against in situ measurements  

In total, 10 stations are employed for the validation and a map is displayed in Figure 54. Six stations 

ŀǊŜ ŜǉǳƛǇǇŜŘ ǿƛǘƘ ά/{срр ²ŀǘŜǊ /ƻƴǘŜƴǘ wŜŦƭŜŎǘƻƳŜǘŜǊέ ǎŜƴǎƻǊǎ 

(https://s.campbellsci.com/documents/es/manuals/cs650.pdf) with 12 cm rods. Two of them, 

Chirpan and NAO Rozhen, have 2 sensors inserted in the soil at 8 cm depth in the horizontal direction 

and 2 others in the vertical direction from 40 to 52 cm depth. The remaining 4 stations have one 

sensor inserted in the vertical direction at 40 to 52 cm depth. All the sensors measure SM values in 

m3/m3 units. Although sensors can be precisely calibrated to the specific soil properties using 

https://s.campbellsci.com/documents/es/manuals/cs650.pdf
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laboratory measurements for each site, in this case the factory calibration is used. Sensors measure 

dielectric permittivity that is converted (by the sensor logic) to volumetric water content using the 

Topp equation (Topp et al., 1980). Four of these stations are located in mountainous areas ς NAO 

Rozhen, res.Sh.Polyana, hut Nadezhda and hut Smirnenski, with the purpose to assess SM evolution 

in the areas higher than 800 m above sea level. Chirpan station is located in the valley at about 168 

m above sea level and Kardzhali station in a hilly area near the town of Kardzhaly. Another 4 stations 

are equipped with ENVIROSCAN profile sensors, which are measuring at every 10 cm depth: Isparih, 

Ivaylo, Knezha and Lozen. These ENVIROSCAN sensors are used to validate the H14 profile for each 

layer (0-7 cm, 7-28 cm and 28-100 cm) with weights that are proportional to the spacing of the 

sensor depths (as in Reichle et al. 2018). 

 

 

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

 

The data processing: 

The hourly measurements by CS655 sensors are daily averaged and normalized: 

CS655=( CS655 - CS655_min)/( CS655_max - CS655_min) 

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

 

H1440-52=(H1428-100 * 4 + H147-28)/5 

The measured in situ values and the corresponding H14 values were converted to normalized values 
with equations: 
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H14=(H14-H14_min)/(H14_max-H14_min)  

and 

In_situ=(In_situ-In_situ_min)/(In_situ_max-In_situ_min) 

 

Validation results: 

Table 69 shows the scores over the whole period for the validation of H14 against the in situ data. 

The correlation coefficient (CC) exceeds the H SAF target performance of 0.65 for the CS sensors 

and for the surface layer of the ENVOROSCAN sensors. The 2nd (7-28 cm) and 3rd (28-100 cm) layers 

of H14 are reasonably well correlated with the CS sensors, with the CC exceeding the threshold of 

0.5. The seasonal scores are shown in Table 70 for the surface and root-zone respectively. For the 

CS sensors the CC is consistently higher than 0.65 through the seasons. However, the results are less 

consistent for the ENVOROSCAN sensors and the different layers. For the surface layer (0-7 cm), the 

H14 performance is good for all the seasons (CC>0.64) except in winter (CC=0.42). For the 7-28 cm 

layer, the performance is very good (CC>0.70), except in the spring when it is close the threshold 

(CC=0.54). Finally, for the deepest layer (28-100 cm), only the winter period delivers results above 

the threshold requirement (CC=0.62). 

 

 

 

CS 650 and 655 sensors 

average  

  ME SD RMSD CC 

AVERAGE 0.000 0.213 0.240 0.677 

 

ENVOROSCAN sensors 

average  

Average ME SD RMSD CC 

0-7 cm 0.218 0.241 0.244 0.666 

7-28 cm 0.182 0.278 0.295 0.635 

28-100 

cm 0.210 0.452 0.502 0.525 

Table 69: Average validation statistics for the CS 650 and ENVOROSCAN sensors 
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scores 

Jun.-Aug. 

2019 

Sept.-Nov. 

2019 

Dec. 2019 ς 

Feb.2020 

March. - 

May 2020 

6 Campbell 

Scientific sensor 

CS650-655 from 

40-52 cm 

Number of 

samples 417 530 540 454 

Bias [-] 0.025 0.070 -0.109 -0.076 

SD [-] 0.145 0.148 0.108 0.134 

RMSD  [-] 0.286 0.181 0.169 0.199 

CC 0.698 0.672 0.702 0.654 

4 ENVIROSCAN 

Water-Content-

Profile Probe 0-7 

cm 

Number of 

samples 368 364 364 368 

Bias [-] 0.147 0.175 0.139 0.128 

SD [-] 0.165 0.244 0.199 0.167 

RMSD  [-] 0.205 0.221 0.250 0.171 

CC 0.644 0.683 0.418 0.692 

4 ENVIROSCAN 

Water-Content-

Profile Probe 7-

28 cm 

Number of 

samples 368 364 364 368 

Bias [-] 0.056 0.249 0.057 0.201 

SD [-] 0.220 0.221 0.148 0.271 

RMSD  [-] 0.265 0.332 0.272 0.136 

CC 0.764 0.739 0.88 0.542 

4 ENVIROSCAN 

Water-Content-

Profile Probe 28-

100 cm 

Number of 

samples 368 364 364 368 

Bias [-] 0.089 0.018 0.087 -0.107 

SD [-] 0.191 0.115 0.181 0.203 

RMSD  [-] 0.280 0.253 0.266 0.249 

CC 0.243 0.270 0.615 0.278 

Table 70: Seasonal statistics for the CS 650 and ENVOROSCAN sensors for the period 2019/06/01-2020/05/31 
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  Lysimeter soil moisture validation in Germany (BAFG) 

 

3.4.1 Introduction 

In this case study, the SM-DAS-2 (H14) data set is validated using in situ soil moisture data at four 

depths as well as using the weights of four different soil monoliths (integrated soil water over 2 m 

ƻŦ ŘŜǇǘƘύ ǊŜŎƻǊŘŜŘ ŀǘ ǘƘŜ [ȅǎƛƳŜǘŜǊ ŦƛŜƭŘ άbƛŜŘŜǊǿŜǊǘƘέΦ ¢ƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎƛǘŜ ƛǎ ƭƻŎŀǘŜŘ ƴŜŀǊ ǘƘŜ 

city of Koblenz/Germany and has been operated by Bundesanstalt für Gewässerkunde (BfG) since 

1986. The climate type is temperate maritime, which is typical of western Europe. The product 

validation for the period 2019-06-01 to 2020-05-31 is reported. 

 

Study area and data 

H14 is a daily, global, near real time product and has been operational since 2012. The product is 

available in grib-1 format on a nonregular gaussian grid. The units range from 0 to 1 as a liquid soil 

wetness index. Here, SWI=1 stands for saturated soil conditions, which is the maximum water the 

soil can hold. This includes the drainable water content (while the field capacity is the amount of 

soil moisture held in the soil after excess water has drained away). A SWI value of zero corresponds 

to the residual water content, which is below the wilting point of the soil matrix, meaning that no 

water can be extracted by plant roots.   

The Lysimeter field is located near the city of Koblenz/Germany, at River Rhine Island Niederwerth 

(50.394 Lon, 7.603 Lat), which is illustrated in Figure 55. Four weighable (w) and non weighable (nw) 

Lysimeters (depth = 2 m, volume = 2 m3) operated as tandems are filled with alluvial clay (L1w, nw), 

loess loam (L2w, nw), high flood sand (L3w, nw), loamy pumice (L4w, nw), representing 

characteristic soil types of the region. Within one of the Lysimeter monolith (L1) filled with alluvial 

clay, multiple TDR sensors are installed at 0.25, 0.5, 0.85 and 1.05 m depths obtaining soil moisture 

signals [mV, 1 Volt ~ 95 Vol%] in 10 min time intervals. Furthermore, the weights of four Lysimeters 

are recorded in 10 min time intervals, which is an indicator for the total amount of soil water stored 

in the monolith assuming no snow. In addition, soil temperature, precipitation and other 

meteorological variables as well as percolation (drainage water) are measured and recorded at the 

Lysimeter field. The land cover of all Lysimeter vessels is grass with an approximate height of 14 cm 

according to FAO grass reference evaporation rules. 
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Figure 55: Monthly anomaly of H SAF SM-DAS-2 (H14) from the long term mean 1992-2019 (LTM based on combination of 

H27 and H14 H SAF products) for the driest/wettest month in reporting period. H14 layers 1,2 and 3 are summarized 

(SWIANO_0_100). Black circles indicate location of Lysimeter station ñNiederwerthò and area for spatial aggregating of H14 

raster cells. Areas outside of Germany are depicted semi-transparent (Data: EUMETSAT H SAF; evaluation: BfG) 

 

Table 71 below shows the availability of the used data (before interpolation of missing values, W = 

weight of Lysimeter [kg], TDR = soil moisture signal [mV], Tair= air temperature in 2m, P = 

Precipitation [mm/d], SWI = Soil wetness index [0,1]). 

data 

Parameter  missing days Percentage [Ϸ] 

WL1 10 2.73 

WL2 10 2.73 

WL3 10 2.73 

WL4 10 2.73 

TDR25cm 10 2.73 

TDR50cm 10 2.73 
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TDR85cm 10 2.73 

TDR100cm 10 2.73 

Tair 9 2.46 

P 0 0 

SMIH14 0 0 

Table 71: List of data used for analyses in time period June 2019 to May 2020 with indication of missing 

 

Methods 

The soil moisture indices are compared on daily time steps. Daily mean values of Lysimeter weights 

of L1 to L4 and TDR signals of L1 were generated. The data were rescaled using the maximum and 

minimum values over the time period. The H SAF H14 layers were integrated over the depths 0 to 

100 cm and 0 to 289 cm. The H14 data was also rescaled over this time period. The H14 raster data 

ǇǊƻŘǳŎǘ ƛǎ ŀƎƎǊŜƎŀǘŜŘ ƻǾŜǊ ŀƴ ŀǊŜŀ ƻŦ нсрп ƪƳнΣ ǊŜǇǊŜǎŜƴǘƛƴƎ ǘƘŜ ǎǳō ŎŀǘŎƘƳŜƴǘ ƻŦ ǘƘŜ άƴƻǊǘƘŜǊƴ 

aƛŘŘƭŜ wƘƛƴŜ ōŀǎƛƴέ ŀƭǎƻ ƴŀƳŜŘ ƭŀƴŘǎŎŀǇŜ άbŜǳǿƛŜŘŜǊ .ŜŎƪŜƴέΦ ¢ƻ ŜȄŎƭǳŘŜ ǘƘŜ ƛƴŦƭǳŜƴŎŜ ƻŦ ŦǊƻȊŜƴ 

conditions, the air temperature (Tair) at the Lysimeter station is used to screen periods with 

temperatures below 4 °C. Below are a list of the pre-processing steps. 

Pre-processing of the H14 data: 

¶ Select time period from 2019-06-01 to 2020-05-31  

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

¶ Generate daily means of the representative area around Lysimeter station Niederwerth 

¶ Fill gaps up to 5 days by linear interpolation 

¶ Rescale the SWI according to the minimum and maximum values in the selected time period 

 

Pre-processing of the lysimeter data: 

¶ Select time period from 2019-06-01 to 2020-05-31 

¶ Aggregate 10 min values of Lysimeter weight and TDR signals to daily values  

¶ Fill gaps up to 5 days by linear interpolation 

¶ Generate standardized Lysimeter mean weight, envelope and standardized TDR signals 

 

Preprocessing of meteorological data 

¶ Select time period from 2019-06-01 to 2020-05-31 

¶ Aggregate air temperature to daily mean values  

¶ Aggregate precipitation to daily sums 

¶ Fill gaps up to 5 days by linear interpolation 

 

The validation is performed by graphical comparisons of daily data as well as by the correlation 

coefficient and RMSE metrics. 
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Results 

Precipitation 

To understand results of the soil moisture comparison it is useful to have an impression of 

precipitation events during the study period. At the Lysimeter Station multiple rain gauges record 

precipitation. Figure 56 shows daily precipitation recorded by the Ombrometer, installed at 1.0 m 

height. Within the validation period the rain gauge registered 516 mm of precipitation. 

 

Figure 56: Daily aggregated ombrometer precipitation (mm) at the Lysimeter station TDR signals and Lysimeter weight 

Figure 57: Daily means of standardized Lysimeter TDR signals at four depths in the validation period 
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Figure 57 shows the propagation of soil moisture fronts which correspond to the rainfall occurrences 

in Figure 56. As expected, the upper layers exhibit quick and spiky responses to the rainfall and 

subsequent drying, whilst the signal is lagged in the deeper layers. 

A tight relationship between Lysimeter weight and TDR signals is expected. Figure 58 shows the 

standardized Lysimeter weight of L1, with standardized TDR signal of TDR50_st, which gives a 

correlation coefficient of CC = 0.94. However, the overall differences between correlation 

coefficients are within a narrow range with correlation coefficients of 0.9, 0.94, 0.88, 0.86 for 

TDR25_st, TDR50_st, TDR85_st, TDR100_st, respectively. 

 

Figure 58: Daily means of standardized Lysimeter weight and TDR signal in the validation period 

 

H14 SWI 

Figure 59 shows the rescaled H14 SWI over the validation period for the four different layers. Also 

shown are periods where the air temperature dropped below 4°C. As expected, the fast reaction of 

the upper layers to the atmospheric forcing together with the dampened response of the lower 

layers is consistent with the lysimeter TDR signals in Figure 57. The integrated versions of the 0-100 

cm depth and 0-289 cm depth layers of H14 are shown in Figure 60. As expected, the 0-289 cm layer 

exhibits a lagged response to the forcing compared to the 0-100 cm layer.  
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Figure 59: Standardized H14 SWI at four depths in the validation period 

 

 

Figure 60: Standardized integrated H14 SWI at two layers in the validation period 
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Comparison of H14 SWI and Lysimeter data 

Statistical metrics were calculated to investigate the agreement between Lysimeter and satellite-

derived soil moisture information. Table 72 and Table 73 show the correlation coefficient and RMSE 

statistics respectively. The intercomparison consists of the standardized TDR signals and Lysimeter 

weights with single H14 SWI soil layers as well as integrated H14 SWI layers. 

 

 
h14_SWI1_s

t 
h14_SWI2_s

t 
h14_SWI3_s

t 
h14_SWI4_s

t 
h14_SWI_0_100_

st 
h14_SWI_0_289_

st 

TDR25_st 0.69 0.85 0.95 0.23 0.95 0.84 

TDR50_st 0.40 0.56 0.88 0.52 0.81 0.86 

TDR85_st 0.23 0.37 0.75 0.74 0.65 0.85 

TDR100_st 0.22 0.36 0.73 0.79 0.64 0.86 

L_W1_W4_mean_
st 

0.57 0.71 0.96 0.57 0.91 0.97 

Table 72: Correlation Coefficients of H14 SWI layers 1-4 and H14 integrated layers against Lysimeter data 

 

The correlation is high for Lysimeter mean weight (L_W1_W4_mean_st) versus the third H14 layer 

(h14_SWI3_st) and the Lysimeter mean weight versus the integrated layer (h14_SWI_0_289_st). 

Looking at the different Lysimeter TDR signals, the best fit is achieved by pairing Lysimeter TDR25_st 

to h14_SWI3_st or TDR25_st to h14_SWI_0_100_st. 

 

 

 
h14_SWI1

_st 
h14_SWI2

_st 
h14_SWI3

_st 
h14_SWI4

_st 
h14_SWI_0_10

0_st 
h14_SWI_0_28

9_st 

TDR25_st 0.27 0.19 0.11 0.41 0.11 0.18 

TDR50_st 0.33 0.30 0.18 0.35 0.22 0.19 

TDR85_st 0.41 0.37 0.24 0.25 0.28 0.18 

TDR100_st 0.41 0.36 0.24 0.21 0.27 0.16 

L_W1_W4_mea
n_st 

0.29 0.23 0.10 0.29 0.13 0.07 

Table 73: RMSE between standardized H14 SWI and Lysimeter data 

 

The RMSE is in agreement with the correlation coefficient. Figure 61 below shows standardized H14 

SWI for the third layer (blue) and mean standardized Lysimeter weights (black) over time. The grey 

shaded area envelopes standardized Lysimeter weights by its minimum and maximum weights. 

Figure 62 is equivalent to Figure 61 but the integrated mean h14 layer (0-100 cm) is shown instead 

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

The blue bar shows frozen conditions. It is obvious that during these conditions the H14 product 

loses information content, as it represents liquid content, and underestimates soil moisture 
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compared to the lysimeter data which accounts for both liquid and solid water content. The 

validation period contained 20 frost days. 

 

Figure 61: Standardized H14 SWI3_st layer (0.28 ï 1.0 m) and mean Lysimeter weight in the validation period 
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Figure 62: Standardized H14 SWI integrated layer and mean Lysimeter weight in the validation period 

 

5.3.2.6 Validation results: long statistical analysis at ECMWF 

  Data preparation and metrics  

In situ observations at 5 cm depth are used for the validation of the SM-DAS-2 surface layer (0-7 

cm). The root-zone in situ SM is approximated using a vertical average of in situ measurements in 

the first metre of soil, with weights that are proportional to the spacing of the sensor depths (as in 

Reichle et al. 2018). The root-zone in situ SM observations are used to validate the average SM-DAS-

2 root-zone SM (0-100 cm). 

SM-DAS-2 is an index between 0 and 1 while in situ measurements of soil moisture are in m3m-3. To 

enable a fair comparison, it is then necessary to rescale the data. The 90% confidence interval was 

chosen to define the upper and lower values to exclude any abnormal outliers due to instrument 

noise using the following equations (as in Rüdiger et al., 2009; Albergel et al., 2010): 

)ÎÔÉÎÓÉÔÕ‘ÉÎÓÉÔÕρȢφτ„ÉÎÓÉÔÕ 

)ÎÔȤÉÎÓÉÔÕ‘ÉÎÓÉÔÕρȢφτ„ÉÎÓÉÔÕ 

Where Int+ and Int- are the upper and lower 90% limits of the confidence interval, a period of one 

year is required for their calculation. Then a new in situ soil moisture data set, called the soil wetness 

index (SWI), is obtained using: 
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3-37)
3-  )ÎÔȤ

)ÎÔ)ÎÔȤ
 

It is assumed that the H14 / SM-DAS-2 data set does not have such a problem with outliers and are 

rescaled using the maximum and the minimum values of each individual times series considering 

the whole June 2019 to May 2020 period. 

The comparison between the observation data and the H14/SM-DAS-2 product needs to be 

performed, gaining the following statistical scores, which are listed in Annex 2 of Albergel (2011): 

 

- Mean Error (ME) or Bias, 

- Standard Deviation (SD), 

- Correlation Coefficient (CC), 

- Root Mean Square Difference (RMSD): In situ data contain errors (instrumental and 
ǊŜǇǊŜǎŜƴǘŀǘƛǾŜƴŜǎǎύΣ ǎƻ ǘƘŜȅ ŀǊŜ ƴƻǘ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ΨǘǊǳŜΩ ǎƻƛƭ ƳƻƛǎǘǳǊŜΦ ¢Ƙƛǎ ƛǎ ǳƴŘŜǊƭƛƴŜŘ ƘŜǊŜ 
by using the RMS Difference terminology instead of RMS Error, 

- 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 0.05 (i.e. the correlation is not a coincidence) have to be retained. 

 

The RMSD represents the relative error of the soil moisture dynamical range and as SM-DAS-2 is an 

index, it has no units. Hence it is possible to obtain an estimate of the error of the liquid root zone 

soil moisture retrieval in m3mҍо by multiplication between the RMSD and the observed dynamical 

range (obs_max-obs_min).  

Usually, soil moisture time series show a strong seasonal pattern that could artificially increase the 

perceived agreement between 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). The difference from the mean is calculated for a sliding window 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, with F=[i-17, i+17] (corresponding 

to a 5-week window). If at least five measurements are available in this period of time, the average 

surface SM value and the standard deviation are calculated. The dimensionless anomaly CC (Ano) is 

then given by: 

!ÎÏὭ
3-Ὥ 3-Ὂ

ÓÔÄÅÖ3-Ὂ
 

The anomaly CC is relevant to the surface SM layer because the SM variability is generally significant 

at the subseasonal timescale. The anomaly CC is not considered for the root-zone layer because the 
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SM is characterised by relatively slow temporal dynamics with typical variations at the annual 

timescale for the first metre of soil. 

Most often than not, soil moisture is measured along with soil temperature. If available a threshold 

of +4°C should be considered and soil moisture measurements below this threshold should be 

rejected. Also, soil temperature associated with SM-DAS-2 is used to filter out SM-DAS-2 potentially 

affected by frozen conditions. 

 

  Ground data used for validation  

This study makes use of in situ soil moisture measurements obtained through the International Soil 

Moisture Network (ISMN, http://www.ipf.tuwien.ac.at/insitu/, Dorigo et al. 2011), a data hosting 

centre where globally-available ground-based soil moisture measurements are collected, 

harmonized and made available to users. Data from 4 networks in the ISMN are considered in this 

study, including 3 networks from the US and 1 network from France. The US networks are: NRCS-

SCAN (Natural Resources Conservation Service - Soil Climate Analysis Network), USCRN (U.S. Climate 

Reference Network) and NRCS-SNOTEL (short for Snow Telemetry). The French network is 

SMOSMANIA (Soil  Moisture  Observing  System  ς  Meteorological  Automatic  Network  Integrated  

Application) and these observations are provided by J-C. Calvet from Meteo-France in the 

framework of the H SAF validation. The data for each network is extracted over the considered 

period (June 2019 to May 2020).  

In situ measurements of soil moisture are not conventional observations and the most recent data 

are rarely available. To our knowledge, very few networks provide data in almost near real time. 

The different soil moisture data sets used in this report are listed in Table 74 and presented in Figure 

Figure 63. The in situ soil moisture data base collected in this study represents a fully independent 

source of evaluation representing different biome and climate conditions. The USCRN and SCAN 

station networks in the US provide a good sampling of the root-zone SM as they consist of 

observations extending from 5 cm to 1 m depth. For the SNOTEL (SMOSMANIA) networks, it is 

assumed that the deepest measurements at 50 cm (30 cm) are representative of the 50-100 (30-

100) cm deep layer. Stations are only considered for the validation if they meet the quality control 

criteria listed in Table 75. The total number of stations used for each network is listed in Table 74.  

Figure 64 illustrates a time series for the surface SM and the root-zone SM for one mid-latitude 

station of the SMOSMANIA network in the France. At this latitude, SM exhibits significant seasonal-

scale variability, with normally drier conditions in summer and wetter conditions during the winter. 

The surface SM variability is largely driven by the short-term atmospheric forcing e.g. precipitation 

events. The root-zone SM has a longer memory than the surface SM and the annual cycle should be 

more distinct. It is evident in Figure 64 that the soil moisture annual cycle as well as its short term 

variability is well represented in both layers i.e. most peaks and troughs. SM-DAS-2 is represented 

for the validation period from June 2019 until May 2020. . 

http://www.ipf.tuwien.ac.at/insitu/


 

Operations Report 

2020 S1/S2 

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

Version: 1.0 

Date: 25/06/2021 

Page: 147/226 
 

 

 

 

Soil Moisture 

data set 
Type 

Soil layer 

depth (cm) 

Spatial 

resolution 

Number of 

stations used 

for surface 

(root-zone) 

SM validation 

H14 / SM-DAS-2 
NWP 

analysis 

0-7, 7-28, 

28-100 

~25 km 

(T799) 

Global 

product 

NCRS-SNOTEL 

(USA) 

In situ 

observations 
5, 20, 50 

Local 

scale 

 225 (177) 

stations 

NCRS-SCAN 

(USA) 

In situ 

observations 

5, 10, 20, 

50, 100 

Local 

scale 

66 (72) 

stations 

USCRN 

(USA) 

In situ 

observations 

5, 10, 20, 

50, 100 

Local 

scale 

64 (30) 

stations 

SMOSMANIA 

(France) 

In situ 

observations 
5,10,20,30 

Local 

scale 

20 (20) 

stations 

Table 74: Presentation of the different soil moisture products used in this report. NWP stand for numerical weather 

prediction. 436 stations with in situ observations are available 

 

 

Minimum number of 

observations over 

period 

p-value of correlation 

coefficient (SM-DAS-

2vs in situ data) 

Soil temperature of in 

situ and SM-DAS-

2data 

5 <0.05 >4°C 

Table 75: Quality control criteria for the stations considered in the validation. 
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Figure 63: Location of the in situ soil moisture stations available for this study for the root-zone, covering a large variety of 

soil types, land cover types and climate conditions over the US (top) and France (bottom). Also shown is the CC for each 

site between the in situ data and SM-DAS-2 for the root-zone layer. 
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Figure 64: Illustration of soil moisture products time series for a station belonging to the SMOSMANIA network for a) 

Surface SM and b) Root-zone SM. The in situ data are in blue and H14 / SM-DAS-2 is in red. 

 

5.3.2.6.2.1 NCRS-SCAN 

After the quality control checks, a sample of 66 (72) stations from the NRCS-SCAN 

(http://www.wcc.nrcs.usda.gov/scan/, Schaefer and Paetzold 2000) network was available for the 

surface (root-zone) SM in this study. This network is a comprehensive, USA-wide 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 used 

to monitor soil temperature and soil moisture at several depths, soil water level, air temperature, 

relative humidity, solar radiation, wind, precipitation and barometric pressure, amongst others. 

NRCS-SCAN data have been used for various studies ranging from global climate modelling to 

agricultural studies. The vegetation cover at those sites consists of either natural fallow or short 

http://www.wcc.nrcs.usda.gov/scan/
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grass. Data are collected by a dielectric constant measuring device and typically measurements are 

made at 5, 10, 20, 50 and 100 cm. 

5.3.2.6.2.2 USCRN  

The U.S. Climate Reference Network National from the Oceanic and Atmospheric Administration's 

National Climatic Data Center (USCRN NOAA's NCDC) consists of stations developed, deployed, 

managed, and maintained by the National Oceanic and Atmospheric Administration (NOAA) in the 

continental United States for the express purpose of detecting the national signal of climate change 

(Bell et al., 2013). After the quality control checks, a sample of 64 (30) stations belonging to the 

USCRN network was adopted for the surface (root-zone) SM validation.  USCRN main objective is to 

provide climate-science-quality measurements of air temperature and precipitation. The stations in 

the network were designed to be extensible to other missions and in 2011, the USCRN team 

completed at each station in the conterminous United States the installation of triplicate-

configuration soil moisture and soil temperature probes at five standard depths (5, 10, 20, 50, and 

100 cm). 

5.3.2.6.2.3 NCRS-SNOTEL  

The Natural Resources Conservation Service (NRCS) installs, operates and maintains an extensive, 

automated system called SNOTEL (short for Snow Telemetry, Schaefer and Paetzold 2000). The 

SNOTEL is designed to collect snowpack and related climatic data in the Western U.S. and Alaska. 

Most of the stations also measure soil moisture and are located in high altitudes. Data are collected 

by a dielectric constant measuring device and typically measurements are made at 5, 20 and 50 cm. 

After the quality control checks, a sample of 225 (177) stations was available for the SM validation 

in this study. 

 

5.3.2.6.2.4 SMOSMANIA  

The SMOSMANIA network (Calvet et al., 2007; Albergel et al., 2008) originally consisted of 12 

automated weather stations in Northwest France measuring SM at four different depths (5, 10, 20 

and 30 cm). The stations span from the Atlantic Ocean to the Mediterranean Sea and the SM 

measurements are derived from capacitance probes. In January 2009, 9 additional RADOME stations 

were added in southeast France (SMOSMANIA-E). In total, 20 (20) stations were available for the 

surface (root-zone) SM validation in this study after the quality control procedure. 

 Surface SM validation results: long statistical analysis  

Considering all the stations and the whole June 2019 to May 2020 period, averaged CC values are 

0.64 and 375 stations are available for the surface SM. CC values at a seasonal scale; June to 

August 2019, September to November 2019, December 2019 to February 2020 and March to May 

2020, are 0.69, 0.66, 0.67 and 0.69, respectively.  Numbers of stations available for these seasons 

are 280, 300, 108 and 207, respectively. 
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Considering the stations of the NCRS-SNOTEL network, 225 stations passed the quality control 

checks and were used for the evaluation. For this group of stations, bias, SD, RMSD (m3m-3) and CC 

(CC on anomaly time series) are -0.020, 0.061, 0.072 and 0.67 (0.40). 

Considering the stations of the NRCS-SCAN network, 66 stations passed the quality control checks 

and were used for the evaluation. For this group of stations, bias, SD, RMSD (m3m-3) and CC (CC on 

anomaly time series) are -0.001, 0.041, 0.047 and 0.47 (0.33). 

Considering the stations of the USCRN network, 64 stations passed the quality control checks and 

were used for the evaluation. For this group of stations, bias, SD, RMSD (m3m-3) and CC (CC on 

anomaly time series) are 0.000, 0.057, 0.056 and 0.66 (0.55). 

Considering the stations of the SMOSMANIA network, 20 stations passed the quality control checks 

and were used for the evaluation. For this group of stations, bias, SD, RMSD (m3m-3) and CC (CC on 

anomaly time series) are 0.030, 0.081, 0.062 and 0.82 (0.71). 

 

 

 

Country 
Region 

(Network) 

Product 

acronym 
Period 

Original 

Sample 

Bias 

(m3m-

3) 

Standard 

deviation  

(m3m-3) 

RMSD  

(m3m-3) 

CC 

(anomaly) 

         

USA 
NRCS-SCAN 

(66 stations*) 

H14  

(0-7cm) 

June 

2019 to 

May 

2020 

294 -0.001 0.041 0.047 
0.47  

(0.33) 

USA 
USCRN 

(64 stations*) 

H14  

(0-7cm) 

June 

2019 to 

May 

2020 

272 0.000 0.057 0.056 
0.66  

(0.55) 

USA 
NRCS-SNOTEL 

(225 stations*) 

H14  

(0-7cm) 

June 

2019 to 

May 

2020 

282 -0.020 0.061 0.072 
0.67  

(0.40) 

France 
SMOSMANIA 

(20 stations*) 

H14 

(0-7 cm) 

June 

2019 to 
21 0.030 0.081 0.062 

0.82  

(0.71) 
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May 

2020 

Table 76: Comparisons of normalised soil moisture between in situ observations and SM-DAS-2 for June 2019 to May 2020. 

Mean bias (in situ minus products), correlation, standard deviation and root mean square difference (m3m-3) are given for 

each network. 

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

 

Table 77 reports statistical scores at a seasonal scale (June to August 2019, September to November 

2019, December 2019 to February 2020 and March to May 2020).  CC values are, on average, above 

the threshold (0.50) and targeted (0.65) values. The June to August period demonstrated the highest 

average CC (0.69) and the September to November period showed the lowest average CC (0.66).  

 

The left hand side of Figure 65 shows box plots of the CC and anomaly CC for each network for the 

surface SM. For the US stations (labelled a, c and e), the interquartile range for the CC spans between 

about 0.4 and 0.8 and the majority of stations are well above the threshold accuracy requirement 

of 0.50. The median CC is also above 0.65 for USCRN and SNOTEL, demonstrating a good level of 

agreement between the two datasets. For the SMOSMANIA network, the interquartile range spans 

between about 0.78 and 0.9, indicating that the majority of stations are well above the target 

accuracy requirement of 0.6. More than 75% percent of the SMOSMANIA stations reach the 

optimum accuracy requirement of 0.8, which is very encouraging. In terms of the anomaly CC, the 

best results are for SMOSMANIA and the worst results are for SCAN, with the median about 0.70 

and 0.35 respectively.  The anomaly CCs are expected to be lower than the CCs in general because 

part of the CC signal is due to seasonal-scale variability. The lower anomaly CC scores for SNOTEL 

should be interpreted with caution as large data gaps exist in the spring, autumn and winter seasons 

as a result of frozen conditions.  

 

Data used for the 

evaluation  (N 

stations) 

Product 

acronym 
 

Jun.-Aug. 

2019 

Sept.-

Nov. 

2019 

Dec. 2019 

- 

Feb.2020 

Mar. - 

May 

2020 

NRCS-SCAN 

(32/54/48/56) 

 

H14  

(0-7cm) 

Bias (m3m-3) -0.006 0.05 0.012 -0.015 

RMSD (m3m-

3) 0.045 0.041 0.034 0.045 

CC 

(anomalies) 

0.46 

(0.35) 

0.56 

(0.38) 

0.57 

(0.54) 

0.45 

(0.47) 

USCRN H14  Bias (m3m-3) 0.016 0.011 -0.005 -0.025 
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(40/52/39/54) (0-7cm) RMSD (m3m-

3) 0.062 0.055 0.043 0.055 

CC 

(anomalies) 

0.61  

(0.54) 

0.71 

(0.58) 

0.73 

(0.72) 

0.71 

(0.67) 

NCRS-SNOTEL 

(191/174/1/78) 

H14  

(0-7cm) 

Bias (m3m-3) -0.024 -0.005 -0.079 -0.073 

RMSD (m3m-

3) 0.066 0.060 0.088 0.095 

CC 

(anomalies) 

0.75 

(0.42) 

0.65 

(0.57) 

0.65 

(0.80) 

0.80 

(0.65) 

SMOSMANIA 

(17/20/20/19) 

H14  

(0-7cm) 

Bias (m3m-3) 0.021 0.049 0.037 0.027 

RMSD (m3m-

3) 0.047 0.067 0.058 0.065 

CC 

(anomalies) 

0.63 

(0.64) 

0.87 

(0.63) 

0.77 

(0.75) 

0.84 

(0.84) 

Table 77: Same as Table 10 but at seasonal scale for all stations. N/A stands for ñNot applicableò. 

 

 Root-zone SM validation results: long statistical analysis  

 

Considering all the stations and the whole June 2019 to May 2020 period, averaged CC values are 

0.67 and 299 stations are available for the root-zone SM. CC values at a seasonal scale; June to 

August 2019, September to November 2019, December 2019 to February 2020 and March to May 

2020, are 0.79, 0.64, 0.54 and 0.67, respectively.  Numbers of stations available for these seasons 

are 223, 221, 63 and 138, respectively.  

 

Considering the stations of the NCRS-SNOTEL network, 177 stations passed the quality control 

checks and were used for the evaluation. For this group of stations, bias, SD, RMSD (m3m-3) and CC 

are 0.006, 0.046, 0.044 and 0.75. 

Considering the stations of the NRCS-SCAN network, 72 stations passed the quality control checks 

and were used for the evaluation. For this group of stations, bias, SD, RMSD (m3m-3) and CC are -

0.008, 0.034, 0.037 and 0.56. 
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Considering the stations of the USCRN network, 30 stations passed the quality control checks and 

were used for the evaluation. For this group of stations, bias, SD, RMSD (m3m-3) and CC are -0.004, 

0.035, 0.038 and 0.48. 

 

Considering the stations of the SMOSMANIA network, 20 stations passed the quality control checks 

and were used for the evaluation. For this group of stations, bias, SD, RMSD (m3m-3) and CC are 

0.014, 0.069, 0.056 and 0.72. 

 

 

Country 
Region 

(Network) 

Product 

acronym 
Period 

Original 

Sample 

Bias 

(m3m-

3) 

Standard 

deviation  

(m3m-3) 

RMSD  

(m3m-3) 
CC 

         

USA 
NRCS-SCAN 

(72 stations*) 

H14  

(0-7cm) 

June 

2019 to 

May 

2020 

294 -0.008 0.034 0.037 0.56 

USA 
USCRN 

(30 stations*) 

H14  

(0-7cm) 

June 

2019 to 

May 

2020 

272 -0.004 0.035 0.038 0.48 

USA 
NRCS-SNOTEL 

(177 stations*) 

H14  

(0-7cm) 

June 

2019 to 

May 

2020 

282 0.006 0.046 0.044 0.75 

France 
SMOSMANIA 

(20 stations*) 

H14  

(0-7cm) 

June 

2019 to 

May 

2020 

21 0.014 0.069 0.056 0.72 

Table 78: Comparisons of normalised soil moisture between in situ observations and SM-DAS-2 for June 2019 to May 2020. 

Mean bias (in situ minus products), correlation, standard deviation and root mean square difference (RMSD [m3m-3]) are 

given for each network. 

* Cases that pass the quality control checks are considered, only. 
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Table 79 reports statistical scores at a seasonal scale (June to August 2019, September to November 

2019, December 2019 to February 2020 and March to May 2020). CC values are, on average, above 

the threshold (0.50) and targeted (0.65) values. The June to August period demonstrated the highest 

average CC (0.79) and the December to January period showed the lowest average CC (0.54). Note 

that there is no data available in winter for SNOTEL due to frozen conditions.  

 

The right hand side of Figure 65 shows box plots of the CC for each network for the root-zone SM. 

For the US stations (labelled b, d and f), the interquartile range for the CC spans between about 0.40 

and 0.85 and the majority of stations are well above the threshold accuracy requirement of 0.50. 

The median CC is also above 0.55 in each case. As the for the surface SM, the best scores are 

obtained for the SMOSMANIA network (Figure 65h), where stations are well above the target 

accuracy requirement of 0.65. More than 25% percent of the SMOSMANIA stations also meet the 

optimum accuracy requirement of 0.80.  

 

 

 

Data used for 

the evaluation 

(N stations) 

Product 

acronym 
 

Jun.-Aug. 

2019 

Sept.-

Nov. 2019 

Dec. 2019 

- 

Feb.2020 

Mar. - 

May 

2020 

NRCS-SCAN 

(45/55/32/51) 

 

H14  

(0-7cm) 

Bias (m3m-3) -0.009 -0.006 -0.004 -0.016 

RMSD (m3m-

3) 0.034 0.029 0.028 0.036 

CC 0.62 0.72 0.57 0.64 

USCRN 

(17/26/16/22) 

H14  

(0-7cm) 

Bias (m3m-3) 0.000 0.004 -0.014 -0.028 

RMSD (m3m-

3) 0.030 0.034 0.033 0.040 

CC 0.63 0.68 0.38 0.65 

NCRS-SNOTEL 

(149/121/0/47) 

H14  

(0-7cm) 

Bias (m3m-3) 0.010 0.010 n/a -0.066 

RMSD (m3m-

3) 0.044 0.031 n/a 0.083 

CC 0.87 0.56 n/a 0.72 

SMOSMANIA H14  Bias (m3m-3) -0.012 0.003 0.034 -0.012 
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(12/19/15/18) (0-7cm) RMSD (m3m-

3) 0.061 0.046 0.049 0.067 

CC 0.62 0.79 0.63 0.64 

Table 79: Same as Table 12 at seasonal scale for all stations. n/a stands for ñNot applicableò. 
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Figure 65: Box plots of CC values between in situ observations and SM-DAS-2 for June 2019 to May 2020. The surface SM 

scores are on the left and include the CC and anomaly CC. The root-zone SM scores are on the right and include the CC 

only (anomaly CC not relevant for the root-zone). 
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5.3.2.7 Conclusions on H14 product validation 

The SM-DAS-2 product was validated for the period 1/06/2019 to 31/5/2020 using in situ 

observations and comparisons with other land surface/hydrological model outputs. The statistical 

scores presented were based on the common validation methodology outlined at the start of CDOP-

2 (Annex 2 in Albergel et al., 2011).  

 

Three case studies were presented. In Section 5.3.2.5.2, the soil moisture from SM-DAS-2 was 

indirectly validated using the SCHEME hydrological model at RMIB, Belgium. The Soil moisture index 

from H14 was compared with the SCHEME model soil moisture for the Demer catchment (1775 km2) 

in the Scheldt basin. The upper and lower layers of the scheme model soil moisture were well 

correlated with H14 (CC>0.7). In Section 5.3.2.5.3, a second case study over Bulgaria (NIMH SOFIA) 

compared H14 soil moisture with 10 automatic in situ soil moisture stations in the Bulgarian agro-

meteorological network. They demonstrated a good level of performance overall, with a CC above 

0.65 for the top two layers of H14. In Section 5.3.2.5.4 the H14 product was validated by BAFG using 

in situ Lysimeter data located near Koblenz, Germany. In general, a good agreement between H14 

SWI and Lysimeter weight as well as the TDR signal was visible. However, when compared to the 

integrated soil moisture information retrieved from the Lysimeter, standardized h14 SWI 

underestimates moisture in dry (summer) periods and overestimates moisture conditions in wet 

conditions (winter). Also, it is evident that H14 is unreliable during frozen conditions, which is 

expected since it only measures the liquid water content. This has been accounted for since autumn 

2018, when a quality variable was added to the product, indicating the risk of frozen soil. These 

aspects need to be taken into account when using H14 SWI as a model input or for soil moisture 

assimilation in hydrological models. In future work it is planned to include the H14 quality control 

variable in this comparison. Further, more Lysimeter and soil moisture stations located in Germany 

can be included. 

 

In section 5.3.2.6 4, the long statistical validation results of SM-DAS-2 were presented. To assess the 

degree of compliance of the product with requirements, 375 (299) stations with in situ surface (root-

zone) measurements over 4 networks (3 in the USA and 1 in France) were used for the validation. 

The in situ measurements were taken using electromagnetic techniques, which provide indirect but 

accurate soil moisture observations with a frequent temporal sampling (typically hourly). A quality 

control screened data during frozen conditions. In general, the results demonstrated good 

correlations between H14 and the in situ data, with an average CC of 0.64 and 0.67 for the surface 

and root-zone respectively, which are close to the target CC requirement of 0.65. Particularly good 

results were demonstrated over the SMOSMANIA network in southwest France (CC>0.75).  
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 Snow Products Quality Assessment 

5.4.1 Quality assessment for product H10 (SN-OBS-1) 

 

Product ID (Acronym) H10 (SN-OBS-1) 

Product name Snow detection (snow mask) by VIS/IR radiometry 

Algorithm version 

number 

Latest version:  1.1 

Version considered for Q.A.: 1.1 

Covered period 01/10/2019 ς 31/05/2020 

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

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

  

 

5.4.1.1 Validation results 

In this Chapter the validation results of the SN-OBS-1 long statistics analysis for the snow season 

(1.10.2019ς 31.05.2020) are reported.  

Validation has been performed over Belgium, Finland, Germany, Italy, Poland and Turkey. Each 

Country/Team contributes to long statistic validation by providing the monthly contingency table 

and the statistical scores. The results are showed separately for flat and mountainous areas to 

provide complete error information on the product performances related to the orography. Belgium 

and Finland contribute only to flat area validation, whereas Italy and Turkey only for mountainous 

areas.  

Every country has to define its own winter season (i.e. months with sufficient snow on the ground 

for good statics). Winter 2019-20 was a very mild season with very few days of snow cover in 

western and central Europe and many cloudy days. Therefore snow season is reduced in Poland, 

Germany and Belgium from December to March. In flat lands of Germany, because of lack of snow 

cover, only selected SWE Station data from February to March is considered. In the Italian Alps, as 

usual, a case study validation from December to April is applied, combining data from Satellite and 

Ground Station observation. In Finland and in the mountainous areas of Turkey, where snow cover 

was more stable and homogeneous, the whole semester Oct-May is evaluated. 

To assess the degree of compliance of the product with product requirements (Table 80 and Table 

81) all the SPVG members provided the long statistic results following the validation methodology 

applied in previous OR.  
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Score Threshold Target Optimal 

POD 0.80 0.85 0.90 

FAR  0.20 0.15 0.05 

Table 80: product requirements for product SN-OBS-1 in Flat/Forest areas 

 

Score Threshold Target Optimal 

POD 0.60 0.70 0.90 

FAR 0.30 0.20 0.05 

Table 81: product requirements for product SN-OBS-1 in Mountainous areas 

 

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

(FAR). However, in order to give a more complete idea of the product error structure, several 

statistical scores have been evaluated. The results are separated for flat and mountainous areas, as 

thresholds are different. (Table 82 and Table 83).  

Ŧƭŀǘ ŀǊŜŀ .ŜƭƎƛǳƳ CƛƴƭŀƴŘ DŜǊƳŀƴȅ tƻƭŀƴŘ !ǾŜǊŀƎŜ 

ƴǳƳōŜǊǎ ƻŦ ƻōǎ 2113 6910 1920 10331 -- 

ǇƻŘ 1.00 0.94 0.53 0.48 0.74 

ŦŀǊ 0.21 0.22 0.31 0.35 0.27 

Ŏǎƛ 0.79 0.74 0.43 0.38 0.59 

ǇƻŦŘ 0.00 0.18 0.02 0.03 0.06 

ŀŎŎ 1.00 0.87 0.88 0.91 0.92 

Table 82: Statistical scores for H10 over flat areas relatively to the period 1.10.2019-31.5.2020 

 

Ƴƻǳƴǘŀƛƴƻǳǎ Lǘŀƭȅ DŜǊƳŀƴȅ tƻƭŀƴŘ ¢ǳǊƪŜȅ !ǾŜǊŀƎŜ 

ƴǳƳōŜǊǎ ƻŦ ƻōǎ 1717 1464 974 8299 -- 

ǇƻŘ 0.55 0.76 0.57 0.91 0.70 

ŦŀǊ 0.08 0.60 0.09 0.10 0.22 

Ŏǎƛ 0.52 0.35 0.54 0.83 0.56 

ǇƻŦŘ 0.10 0.24 0.22 0.50 0.27 

ŀŎŎ 0.67 0.56 0.62 0.84 0.67 

Table 83: Statistical scores for H10 over mountainous areas relatively to the period 1.10.2019-31.5.2020 

 

Table 84 summarizes the results on the entire validation domain, for a more complete information 

of product performances. 
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mountainous 
and flat area .ŜƭƎƛǳƳ CƛƴƭŀƴŘ Lǘŀƭȅ DŜǊƳŀƴȅ tƻƭŀƴŘ ¢ǳǊƪŜȅ !ǾŜǊŀƎŜ 

numbers of obs 2113 6910 1717 ооуп ммолр 8299 -- 

pod 1.00 0.94 0.55 лΦср лΦрн 0.91 0.76 

far 0.21 0.22 0.08 лΦпс лΦнс 0.10 0.22 

csi 0.79 0.74 0.52 лΦоф лΦпп 0.83 лΦсн 

pofd 0.00 0.18 0.10 лΦмо лΦлп 0.50 лΦмс 

acc 1.00 0.87 0.67 лΦтн лΦуф 0.84 лΦуо 

Table 84: Statistical scores for H10 over mountainous and flat areas relatively period 1.10.2019-31.5.2020 

 

Analysing the data from the different countries, it can be noticed that, in the flat areas problems 

arise in Germany and in Poland, due to the fact that many observations in the period are made with 

only some cm snow on the ground and a very inhomogeneous snow cover, and in most cases there 

were cloudy days with a very high number of misses. On the other hand, note that accuracy is very 

ƎƻƻŘΦ ¢ƘŜǊŜŦƻǊŜΣ ŜǾŜƴ ƛŦ Iмл ŘƻƴΩǘΩ ǊŜŀŎƘ Ŧǳƭƭȅ ǘƘŜ ǾŜǊȅ ŘŜƳŀƴŘƛƴƎ ǘƘǊŜǎƘƻƭŘǎ ƛƴ Ŧƭŀǘ ƭŀƴŘǎΣ 

validation cluster retains that the product has good ability to distinguish snow and bare ground even 

in very mild and snowless winter as season 2019-20, were snow detection with automatic weather 

stations are affected by very high number of errors (false detection or misses).  

Lƴ Ƴƻǳƴǘŀƛƴƻǳǎ ŀǊŜŀǎΣ th5Ωǎ ŀǊŜ ƭƻǿ ƛƴ LǘŀƭȅΣ tƻƭŀƴŘ ŀƴŘ DŜǊƳŀƴȅΣ C!w ƘƛƎƘ ƛƴ DŜǊƳŀƴȅΦ 5ŜǎǇƛǘŜ 

of this, in sum, the product satisfies the requirements with POD and FAR better than thresholds, 

that are not so demanding as in flat areas, and very close to target levels. Note that in those cases 

accuracy is lower: that is expected in very complex mountainous orography. 

In sum, validation group retains that a ground station based validation of satellite products has 

severe limitations, especially in case of flat land with scarce and/or very inhomogeneous snow 

cover, and a validation based on independent high resolution satellite data, like Copernicus 

Sentinel2, is more apt to capture the large scale variability of snow cover. This new validation 

methodology is applied since 2019 to Fractional Snow Cover product H12 and this year in the 

validation of the new product H32 over extra-European areas (ref. Piazzi et al. 2017). 

Averaging the figures over all the countries and terrains, a rather good capability of the product to 

detect snow on the ground, with a total POD 0.76 and an associated low false alarm FAR 0.22, is 

observed (Table 84). In sum, also a rather good mean accuracy of 0.83 is achieved. 

 

5.4.1.2  Conclusions: Product requirement compliance 

In the flat areas (Table 85), the probability of detection (POD 0.74) is a little below the very 

demanding threshold, and FAR with 0.27 is a little over threshold values. 
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In mountainous areas (Table 84) the Probability Of Detection POD 0.70 is good and at target levels, 

the False Alarm Rate FAR 0.22 is between threshold and target. 

Validation group points out that as in OR9 product H10 performance is very consistent and similar 

in the two different areas of validation; this is mainly due to the advanced procedure in calculating 

the product, with two different algorithms in mountains and flat/forested areas, which are 

afterwards blended for the final unified product. Therefore, validation group may propose unifying 

thresholds in flat and mountains areas, as already done for product H32. 

 

Between target and 

optimal 

Between threshold 

and target 

Threshold exceeded 

by < 50 % 

Threshold exceeded 

ōȅ җ рл ҈ 

 

 

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

Product  requirements H10  

Score threshold target optimal total 

POD 0.80 0.85 0.99 0.74 

FAR 0.20 0.15 0.05 0.27 

Table 85: Simplified compliance analysis for product H10 (Flat/Forest areas) 

 

 

H-SAF  Accuracy requirements for H10  in 
Mountainous areas 

Product  requirements H10  

Score threshold target optimal total 

POD 0.60 0.70 0.99 0.70 

FAR 0.30 0.20 0.05 0.22 

Table 86: Simplified compliance analysis for product H10 (mountainous areas) 
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5.4.2 Quality assessment for product H11 (SN-OBS-2) 

Product ID (Acronym) H11 (SN-OBS-2) 

Product name Snow status (dry/wet) by MW radiometry 

Algorithm version 

number 

Latest version:  1.0 

Version considered for Q.A.: 1.0 

Covered period 01/10/2019 ς 31/05/2020 

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

Contributing countries FL, (GE) 

 

In this review the validation results of the SN-OBS-2 long statistics analysis for the snow season 

(1.10.2019 ς 31.05.2010) are reported.  

 

Product H11 is defined only in flat areas and has validity in Nordic countries, in winter months and 

in homogenous snow cover, therefore in this report OR validation is performed only in Finland.  

The results of OR9 showed clearly that product H11 has good performances only in Nordic areas 

and in periods when, during the winter, snow cover is homogenous: winter 2019-20 was 

characterized by having almost no snow in central Europe. A tentative validation in Germany, 

performed for comparison, led to only 89 observations in the whole period with almost no Hits 

(positive detection) and a very high number of Misses in statistics, due to an extremely 

inhomogeneous and unstable snow cover and large errors in ground station measurements, 

therefore results are not considered in this validation. 

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

 

H-SAF  Accuracy requirements for H11 

Product  requirements 

Score threshold target optimal 

POD 0.60 0.80 0.90 

FAR 0.20 0.10 0.05 

Table 87: product requirements for product H11 SN-OBS-2 
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5.4.2.1 Validation results 

In Table 88 the monthly statistics for the entire snow period (winter semester) in Finland is shown.  

 

Finland ott -18 nov-18 dic-18 gen-19 feb-19 mar-19 apr-19 mag-19 Total 

numbers of obs 121 248 516 342 367 465 323 261 2643 

pod 0.90 0.99 1.00 1.00 0.93 0.81 0.74 0.24 0.87 

far 0.71 0.11 0.19 0.13 0.02 0.12 0.10 0.23 0.12 

csi 0.08 0.88 0.81 0.87 0.91 0.73 0.69 0.23 0.78 

pofd 0.69 1.00 1.00 1.00 0.53 0.65 0.49 0.10 0.63 

acc 0.99 0.88 0.81 0.87 0.91 0.74 0.71 0.51 0.79 

Table 88: Statistical scores for H11 over Finland relatively to the period 1.10.2019-31.5.2020 

 

The main scores to be evaluated are POD and FAR. but in order to give a more complete idea of the 

product error structure several statistical scores have been evaluated. 

As shown in Table 88 in Finland both POD and FAR are at good levels of accuracy. Yet even in this 

Nordic country, a decay of performance is observed in the two spring months of April and especially 

in May; this may be due to a lack of homogeneity of snow cover. 

 

5.4.2.2 Conclusions: Product reqauirement compliance 

In Table 89 results are shown and a final average is made.  

 

 

 

 

Ŧƭŀǘ ŀǊŜŀ CƛƴƭŀƴŘ 

ƴǳƳōŜǊǎ ƻŦ ƻōǎ 2643 

ǇƻŘ 0.87 

ŦŀǊ 0.12 

Ŏǎƛ 0.78 

ǇƻŦŘ 0.63 

ŀŎŎ 0.79 

Table 89: Statistical scores for H11 relatively to the snow period in Finland 
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Between threshold 

and target 
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In the mean, product H11 satisfies the requirements, with results of POD between target and 

optimal and FAR between threshold and target. 

As in past validations, validation group strongly recommends using product H11 in Nordic areas only 

during the winter and if snow cover is known to be sufficiently homogenous. 

 

5.4.3 Quality assessment for product H12 (ESC-E) 

5.4.3.1 Context and aim of this report 

 

This report presents validation results for the H-SAF snow product H12 vs. Sentinel-2 Level-2 

Fractional-Snow-Cover (FSC) maps. H12 is an H-SAF snow product including daily FSC maps based 

on visible/near-infrared (VIS/NIR) data from the Advanced very-high-resolution Radiometer 

(AVHRR) on board of the National Oceanic and Atmospheric Administration (NOAA) and 

meteorological operational (MetOp) satellites (Piazzi et al., 2019). H12 provides FSC maps over the 

H-SAF area (25°N to 75°N latitude, 25°W to 45°E longitude). Spatial sampling is 0.01°, that is, Ḑ1 km.  

Evaluation of H-SAF snow products has been usually performed using ground-based snow data, such 

as snow-depth sensors. In 2017, a new validation methodology for Fractional Snow Cover product 

was developed and then approved in H-SAF, involving Sentinel-2 Scene-Classification maps. In this 

report, we followed the validation methodology for H12 applied in Piazzi et al. (2019) and compared 

FSC maps from H12 vs. those derived from Sentinel-2. 

The validation period for snow products in OR10 is October 1, 2019 through May 31, 2020 and areas 

of interest were chosen as North-Western Italy (henceforth, NW Italy), the Pyrenees, Finland, south-

western Norway (henceforth, Norway), Belarus, and the Apennines. These areas include a mixture 

of flat areas (Finland and Belarus) and mountainous areas (NW Italy, the Pyrenees, the Apennines, 

and Norway). 
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Figure 66 Example of H-SAF H12 quick-view FSC map for April 5, 2017 

5.4.3.2 Methods 

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

summarize below. 

The first step was the selection of the Sentinel-2 tiles over each area of interest to be compared with 

H12. Overall, we considered 7 tiles in the Pyrenees, 6 tiles in NW Italy, 3 tiles across the Apennines, 

and 4 tiles in Belarus, Norway, and Finland (respectively, 28 tiles in total). For each tile, we then 

selected an orbit providing a full-square map by visually inspecting representative images on 

https://scihub.copernicus.eu/dhus/#/home.  

Figure 67 reports the location of each tile, while Table 90 summarizes the number of considered 

maps for each tile (after filtering images with cloud cover above 20%), as well as the corresponding 

orbit. 

After tile selection, we downloaded S2MSI2A Sentinel-2 Level2A images between October 1, 2019 

and May 31, 2020, including both Sentinel 2A and 2B. For each map, we then extracted Scene 

Classification maps (SCL) at 20 m (note that these Scene Classifications are directly available from 

https://scihub.copernicus.eu/dhus/#/home and no processing with Sen2Cor was performed).  
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Scene-Classification maps provide indication of predominant land/cloud cover for each pixel in the 

image, including ground, vegetation, snow, water, and various IDs for cloud and thin-cirrus cover.1 

These Scene-Classification maps represent the validation source against which to validate H12. 

 

Figure 67 Considered Sentinel-2 tiles  

Area of interest Tile Orbit # of images 

NW Italy 32TLQ 108 18 

32TLR 108 13 

32TMR 65 9 

32TMS 65 9 

32TNR 65 12 

32TNS 65 14 

Pyrenees 30TXN 94 12 

30TYN 51 15 

                                                      

 

 

1 https://sentinel.esa.int/web/sentinel/technical-guides/sentinel-2-msi/level-2a/algorithm  
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31TBG 51 13 

31TCG 51 18 

31TCH 51 17 

31TDG 8 14 

31TDH 8 10 

Apennines 33TUG 122 16 

33TUH 122 17 

33TVG 79 23 

Belarus 35UNA 93 4 

35UNV 93 7 

35UPA 93 5 

35UPV 93 5 

Norway  32VLN 94 12 

32VLP 94 11 

32VMN 94 18 

32VMP 94 8 

Finland 35VLK 122 4 

 35VML 79 & 122 10 

 35VNL 79 & 36 11 

 35WNN 79 6 

Total   331 

Table 90 Considered Sentinel-2 tiles, satellite orbit, and number of images for each area of interest. Images 

cover the period October 1, 2019 through May 31, 2020 and were filtered to discard those with overall 

cloud cover above 20%. 

 

All available H12 images between October 1, 2019 and May 31, 2020 were downloaded from the 

Meteoam H-SAF ftp server. After receiving all images, we performed an image-to-image comparison 

between Sentinel 2 and H12 FSC with the goal of quantifying H12 performance in estimating 

Sentinel-2 FSC. This assessment was limited to Sentinel images with overall cloud cover below 20%. 

The impact of clouds is higher in Finland and Belarus than in the other regions (see a decrease in 

available images in Table 90). 
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The comparison procedure worked by first determining the H12 scene corresponding to each 

Sentinel-2 tile-map by clipping the H12 raster according to the bounding box of each Sentinel-2 

image. Second, we estimated a fractional-snow-cover (FSC) map from Sentinel-2 at the coarser 

ǊŜǎƻƭǳǘƛƻƴ ƻŦ Iмн ōȅ ŎƻǳƴǘƛƴƎ ǘƘŜ ƴǳƳōŜǊ ƻŦ {ŜƴǘƛƴŜƭΩǎ ǎƴƻǿ ǇƛȄŜƭǎ ƛƴ ŜŀŎƘ ŎƻŀǊǎŜǊ ǇƛȄŜƭ ƻŦ IмнΦ !ƴȅ 

pixel where the percentage of non-snow and non-ground pixels was above 50% was set to NaN. 

Agreement between H12 and Sentinel-based SCA maps was assessed using two performance 

metrics, the Root Mean Square Error (RMSE) and Bias: 

 

 

where FSCn,H35 is Fractional Snow Cover on a given pixel n according to H35, FSCn,S2 is Fractional Snow 

Cover according to Sentinel in the same pixel n, and N is the total number of pixels across which 

RMSE and Bias are calculated.  

We computed RMSE and Bias by first aggregating results across all available images from the same 

area of interest, and then by disaggregating samples of FSC for bins of FSC according to Sentinel 2 

(10% increments and one class for FSC between 0 and 1%, which was assumed to represent bare 

soil).  

Threshold, target, and optimal RMSE values are 50%, 30%, 10%, for mountainous areas and 40%, 

20%, 10%, for flat areas.  

 

H-SAF  Accuracy requirements ESC Products 

Score threshold target optimal 

Flat/Forested 

areas RMSE 
40% 20% 10% 

Mountainous 

areas RMSE 
50% 30% 10% 

 

5.4.3.3 Results 

Figure 68 reports a comparison between FSC estimates according to H12 and those according to 

Sentinel 2 (resampled at the coarser resolution of H12) for select days and all areas of interest. This 

comparison shows a high level of consistency in terms of snow-covered spatial patterns between 

H12 and Sentinel 2, including transitions between higher peaks and lower valleys or fjords in 
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mountain regions. Agreement in terms of spatial patterns is also high in the considered flat region 

of Finland and Belarus. 

Both H12 and Sentinel-2 also capture well a decline in FSC for peripheral areas and a clear increase 

in spatial consistency (and so higher FSCs) where the bulk of snowpack is accumulated. In other 

words, both H12 and Sentinel-2 well capture changes in spatial homogeneity of the snowpack.  

Figure 69 to Figure 74 compare the frequency of H12 and resampled Sentinel-2 pixels binned into 

11 classes of FSC. These statistics confirm that the snow spatial patterns captured by H12 and by 

Sentinel 2 are in good agreement, both in flat areas and in mountain regions, where spatial patterns 

are more varied.  

 

 

(a) 

 

(b) 

 

(c) 

 

(d) 
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(e) 

 

(f) 

 

Figure 68 Comparison between H12 and Sentinel-2 Fractional Snow Cover in the Pyrenees (a, December 27, 2019 tile 

31TCH), NW Italy (b, February 09, 2020, tile 32TLR), the Apennines (c, January 1, 2020 tile 33TUH), Belarus (d, March 24, 

2020, tile 35UPV), Norway (e, April 6 2020, tile 32VLP), and Finland (f, May 22, 2020, tile 35WNN). 

 

²Ŝ ŀƭǎƻ ƴƻǘŜ ŀ ǘŜƴŘŜƴŎȅ ƻŦ {ŜƴǘƛƴŜƭ н ǘƻ ǊŜǇƻǊǘ ƳƻǊŜ ǇƛȄŜƭǎ ǿƛǘƘ C{/ җ фл҈ ŀƴŘ ƭŜǎǎ ǇƛȄŜƭǎ ƻŦ ōŀǊŜ 

soil than H12 in all areas of interest but Belarus. We explain this outcome as potentially due to H12 

images being natively coarser than Sentinel 2; such estimates by H12 may be the result of a larger 

footprint, an effect we attempted to reconstruct for Sentinel 2 by resampling its images at the same 

spatial resolution of H12. Moreover, resampled FSC estimates by Sentinel 2 neglect areas with 

potential snow under canopy, which may lead to Sentinel-based FSC being more representative of 

an open, spatially coherent snowpack (thus the apparent underestimation of FSC by H12).  

 

Figure 69 Frequency of H12 and resampled Sentinel-2 pixels binned into 11 classes of FSC for the Pyrenees. 
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Figure 70 Frequency of H12 and resampled Sentinel-2 pixels binned into 11 classes of FSC for NW Italy. 

 

 

Figure 71 Frequency of H12 and resampled Sentinel-2 pixels binned into 11 classes of FSC for the Apennines. 
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Figure 72 Frequency of H12 and resampled Sentinel-2 pixels binned into 11 classes of FSC for Belarus. 

 

 
Figure 73 Frequency of H12 and resampled Sentinel-2 pixels binned into 11 classes of FSC for Norway. 
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Figure 74 Frequency of H12 and resampled Sentinel-2 pixels binned into 11 classes of FSC for Finland. 

 

Figure 75 RMSE and bias of H12 with regard to Sentinel-2 FSC, as a function of Sentinel-2 FSC: Pyrenees (left) 

and NW Italy (right).  






























































































