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1 Introduction

1.1 Scope of thedocument

This document provides the data quality status of Copernicus Setimésion L1C products.

It documents

x  the measured product performance vs. specifications (Se@&jpn

x  processing chain improvements associated to each Processing Baseline (Section

X an overview on L1C product evolution (Sectog),

x  observed anomalies and known issues (Sectjon

x  the list of defective pixels (SectiGnl).

Note that a reference article provides andepth presentation of Senting Calibration and Validation
methods and results after one year in operation@®ascoret al> Capernicus Sentiné Calibration
and Products Validation Statuss w{ 9 X

HAMTOU®

Since May 2018, a Data Quality Report for Level 2A products is also available fr@anthesi2

Document Library

1.2 Main points for the Reporting Period

% Nothing to report
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2 Measured Product Performances

2.1 Performanceverview

The following overview table provides a summary of theel&C products data quality performances

measured on products in Processing Baselines 02.01 and higher, for a set of key mission requirements.

Similar performances are observed farth S2A and S2&atellites.

Table2-1: Summaryof Sentinef2 L1C products measured performances for mission key requirements.

Requirement

Description

Measured
performance

Absolute geolocation

The gedocation uncertainty shall be better than
20 m at 2 confidence level (unrefined products

<1l mat
95.5% confidence
(unrefined products)

Multi-temporal
registration

The spatial caegistration accuracy of Level 1c

data acquired at different dates over the same

geographical area shall be better than or equal
0.3 SSD at 2 confidence level.

<5mat
95.5% confidence
(refined products)

Multi-spectral
registration

The interchannel spatial coegistration of any two

spectral bands shall be better than 0.30 of the

coarser achieved spatial sampling distance of th
two bands at 3 confidence level.

< 0.3 pixel at
99.7% confidence

The absolute radiometric uncertainty shall be

Absolute . B1 to B12, excl. B10: <
radiometric better than 5 % (goal 3%(seeTable2-3in this 39%6+206
uncertainty document)

The Signalo-Noise Ratio (SNR) shall be highe . .
SNR than specified values (s@@ble2-4 in this All bands compliant with

document)

> 27% margin

Measured performances are detailed in the following sections.

2.2 GeometricPerformance

Since 30/03/2021 (processing Baseline 03.00) a geometric refinement step is used to improve the
multi-temporal geoloation performance.

Thanks to this processing,

products is notably different from that of unrefined products.

In a first step, the geometric refinement has been applied over Europe and Africa (see section 3.6.1 for

the performance of refined

details). Sine 23/08/2021, the geometric refinement is applied globally (except Antarctica).
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The geometric refinement relies on the Senti@eGlobal Reference Image (GRI). The GRI is a set of
Level 1B images (in sensor frame) covering the whole globe with highlyaseageolocation
information obtained through a spatisiangulation algorithm using reference Ground Control Points.
The images use the reference band (B04) and are mostly (but not entirely)}fob@udrhe GRI is an
internal database used only for prosisg and not for dissemination. In particular, the GRI is not meant
to be a cloudree mosaic of the globe. Thanks to the geometric refinement, all refined products inherit
the same absolute geolocation performance.

With PB 03.00, a new Digital Elevationdé¢l (DEM), the Copernicus DEM, is used to orthorectify the
L1C products. This improves the local geolocation for all products in mountainous areas. This applies
also to unrefined products, although the improvement is more effective for refined products.

Preliminary validation results indicate the following performances for the refined products:
x  Absolute geolocation: better than 6 m

x  Multi-temporal coregistration (same or different satellites), same repeat orbit: better than 5
m at 95% confidence

x  Multi-temporal coregistration, different repeat orbits: better than 5 m.

The geometric calibration status reported in the sect®®.2concernsonly the unrefined producs.

2.2.2.1 S2A

An improvement of the yaw angle bias correction was performed on M&2806. Before this date,

a relatively large alontrack bias can be observed between different repeat orbits in the overlap region
at the edges othe swath. The mukiemporal ceregistration performance reported in this document

is computed for products acquired after this date.

The geometric calibration of S2A has been updated on 10/01/2019. After a temporary degradation in
June 2021, the geolodan performance of unrefined S2A products is again nominal.

2222 S2B

A new geometric calibration has been deployed on Janua®022 to improve the geolocation of nen
refined products.

Refined products (PB 03.00 and higher) have reduced geolocation bias reshtpanonrefined
product. In addition, the refinement corrects any biases between S2A and S2B refined products.

2.2.3.1 Unrefined products

The longterm performance for unrefined products is close to 11 m at 95%6&k and close th3 m
for S2B Since the activation of the global refinement in August 2021, the performance is estimated on
a limited set of unrefined products.
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Figurel shows the absolute geolocation performance for the unrefined produetstive to the
Sentinel2 GRIThe real absolute performance is expected to be a little worse due to the GRI absolute
geolocation uncertainty (6 mJ-or S2Athe ALT bias isentred aound zeroandthe ACT biaaround 5
m. For S2Ban improvement of the ACT bias is observed, #telALTbiasis around-5 m for the
considered period (October 2021 kday 2022).
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Figurel: Absolutegeolocation performance for unrefined products.
Left: S2A, Right: S210.10.2021¢ 17.05.2022)

The following figure provides the rate of unrefined products for S2A andlS&h be observed that
the number of refineddatastripsis increasing as we progress toward Northern Spiiing. number of
Faltbackdatastripsremains constant.
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The following map provides the location of the datastrips intfattk for a cycle period duringarch
2022. Most of the times these datastrips infladick are over snowy or cloudy areas, coasts and islands.
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—40

—150 —100 —50 0 50 100 150
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Figure3: Location of datastrips in falback over a cycle period iWarch 2022(2022-03-18 ¢ 2022-03-28) for
S2A (red datastripsand S2B (blue datastrips)

2.2.3.2 Refined products

Absolute geolocation estimations for refined producédative to the Sentinel2 GRIshow a stable
performance for both S2A and S2B wéil absolute geolocation error better th&l m for S2A and
4.5 m for S2B (at 95% confidenc®jease note that, as for the unrefined produdise real absolute
performance is expected toe a little worse due to the GRI absolute geolocation uncertainty (6 m).
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Figure4: Absolute geolocation performance for refined products.
Left: S2A, Right: S2R§.04.2022 ¢ 17.05.2022)
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2.2.4 Multi-SpectralRegistration

The multispectral evaluation is performed over refined and unrefined L-é@productacquired over
suitable validation sites (flat terrain with good appropriate texture and spectral characterigties)
co-registration requirement< 0.3 jixel at 99.7% confidenc&r both S2A and S2B are met for almost
all measured band couples. The results with regards to the pair B09/BOaffated by a low
correlation between the spectral bands.

Figureb: lllustration of the Karakum desert site (TIROTGK
used to perform the intetband ceregistration measurements

Table2-2: Multi-Spectralco-registration performance (per band couple and detector number)
for S2A (top) and S2B (bottom).

S2A

Bsec/Bref B02 BO3 B06 BO7 B08 B09 B11 B12 BBA
BO1 0.350
BO4 0.294 | 0.255 0.295
BO5 0.151 | 0.160 0.318 | 0.310 [ 0.193
B11 0.167
Bsec/Bref BO02 B0O3 B06 BO7 B08 B09 B11 B12 B8A
BO1 nan
BO4 0.398 [ 0.285 0.203
BO5 0.108 | 0.128 0.376 | 0.384 | 0.161

B1l 0.223
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2.2.5 Multi-Temporal Registration

2.2.5.1 Methodology

The multitemporal registration error for one tile is estimated as the mean measured error for all
control points of the tile. Then the global performance is taken as the 95.5% percentile of the mean
shift for all tiles.The performance is measured on the reference band (B04).

2.2.5.2 Refined products

Figure6 below shows the histograms of the -cegistration for pairs of S2A, S2B aaly S2A/S2B
products.The performance for all casedéss ttan 0.5 pixels at 95.45%.

XT for last 200 days (S2A, REFINED): 0.44 CE95 XT for last 200 days (S2B, REFINED): 0.44 CE95

Error (px] ; ; Error [px]

XT for last 200 days (ANY, REFINED): 0.47 CE95

number

Products relative

00 150 s 200
Error [px]

Figure6: Multi-temporal 2D ceregistration errors for refined S2A (left)
and S2B pairsright), andall pairs(bottom) on05/2022. The 95.45% performance & m.
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Optical Mision Performanc.

2.2.5.3 All products

The following figure provides the muteémporal performancédor all products, whether refined or
unrefined.The performance drops to T3 pixels.

XT for last 200 days (ANY, ANY): 0.73 CE95

number

Products relative

100
Error [px]

Figure7: Histogram of the multtemporal performance
for all products (refined and unrefined) 05/ 2022

2.3 RadiometricPerformance

2.3.1.1 Sundiffuser model improvement

Product baseline 02.06 has been deployed on 23/10/2017. With this new baseline, thiff8asar
model used for calibration has been improved to reduce seasonal effects. The update did riahresul
a discrepancy in the time series of the radiometry (impact on calibration lower than 0.2% at this time
of year, see DQR issue 22 for details).

2.3.1.2 S2A

Radiometric calibrations are performed routinely at the beginning of each month. Decontamination
operations are scheduled once a year.

A decontamination of the instrument was performed on tieg®™ of November 2021. The calibration
coefficientswere updated on the 18 of November.

2.3.1.3 S2B

Radiometric calibration is performed once per month. Tadibration of 12/12/2019 includes an
update of the BO2 relative spectral response as described for S2A in the previous section.

A decontamination was performed on 1.3 14" December 2021. The podecontamination
radiometric calibration was implementezh 21/12/2021.

With the introduction of the baseline 04.00 on ®29anuary 2022, a radiometric harmonization
between SentineRA and Sentine2B (keeping Sentin&A as reference) was introduced (see section
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3.6.2for more details). Indeed, among the evolution of this baseline the mitigation of the radiometric
differences between both satellites was set by applying a radiometric bias correction of tb1 %
Sentinei2B VNIR bands B01 to B09.

The harmonization was effective frod9:00 UTC. The firSentinei2Bsensing using the updated GIPP
R2ABCA was: 20220125T073939.

Radiometric validatiofis performed using several methods:
x Gwlt®A3IKE YSGK2RY YSIFadaNBYSyd 2F GKS wle&f SATE
ocean sites.
x  Comparison with irsitu data.

x  Measurement over well characterized, temporally stable desert areas (Pdauddant
Calibration Sites or PICS).

x  Comparison with otar sensors such as LandS$aOLI| (Collectiod over Libyat) and cross
comparison S2A vs S2B.

The results are presented in the figures below for S2A and S2B for all methods. Results are provided
for all bands except B09 & B10. All results are within the 5% (3%) radiometric accuracy requirement
(Goal) respectively.
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Figure8: Comparison of radiometric accuracy for all spectral bands (except B09 and Eitig)of S2A

measurement on referenceError bars indicate the method uncertainty.
Updated over Rayleigh and PICS up to 4/2022
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Figure9:

Compaison of radiometric accuracy for all spectral bands (except BO9 & BH@ip of S2B
measurement on reference. Error bars indicate the method uncertainty.
Updated over Rayleigh and PICS up to 4/2022

Tabulated results for bands B0l to B12 (B09 & Bi6luded) presented below indicate the
effectiveness and reliability of the éwmard calibration method for both sensors S2A/MSI and

S2B/MSI.
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Table2-3: Best estimate of S2A and S2B calibration gains fromdaglon

Sensor S2A 's28
Wavelength Gain Standard Gain Standard
(nm) Coefficient  Deviation Coefficient  Deviation
BO1 443 0.9%8 0.05 0.989 0.021
B02 490 1.001 0.020 0.994 0.019
BO3 560 1.004 0.014 1.000 0.016
BO4 665 1.000 0.010 0.9 0.014
B0O5 705 N/A N/A N/A N/A
B0O6 740 1.008 0.016 0.996 0.011
BO7 783 1.008 0.009 0.98% 0.006
BO8 842 0.997 0.015 0.98% 0.004
B8A 865 1.002 0.006 0.9 0.008
B11 1610 1.08 0.017 1.013 0.018
B12 2190 1.000 0.012 1.009 0.007

Time series of measurements aaso produced to monitor the evolution in time of the radiometric
response, in particular to detect a possible degradation of the diffuser. The current assessment is
compatible with the specified stability requirement for all visible and NIR bands (<rl@éar

2.3.3 Noise

The SNR for both S2A and S2B is exceeding requirements-0asest-160 for band B8A). The table
below provides the most recent estimates (April 2020 for S2A and May 2020 for S2B).

Table2-4: Estimated SNR performance for S2A and S2B at reference radiance.

Spectral Band Bl B2 B3 B4 BS‘BG B7 B8 B8A B9 B10 Bl1l1l B12

Ref. radiance

129 | 128|128 108| 75 |68 | 67 |103(525(9 6 4 2
[W/m?/sr/um]
S2A 1388 | 210| 239 | 222 | 247 | 215| 223 | 216 | 157 | 219 | 388 | 158 | 167
S2B 1363 | 212 | 242 229 | 247 | 222|231 | 229 168 | 237 | 400 | 167 | 171
Requirement 129 | 154|168 | 142 | 117| 89 | 105| 174 72 114 ] 50 100 | 100

As seen in the figure below, the noise characteristics are very stable over time.
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Figurel0: Evolution of the SNR performancis S2A sinc®6/05/2019 to 09/05/2022(top)

and S2B sinc22/05/2019 to 18/04/2022(bottom)
















































































































