Living Planet Symposium, Vienna, Austria, 23-27 June 2025

/ Funded by the EU and ESA

European Union

The views expressed herein can in no way be taken to reflect

O

A

Copernicus Sentinel

PT-MPC

Optical Mission Performance Clustey

the official opinion of the European Space Agency or the European Union.

@ cSd Gpernicus

Jérome Louis(1), Avi Putri Pertiwi(2), Vincent Laduguie(1), Francesco C. Pignatale(3),

Sentinel-2 L2A ARD Cloud masking:
Operational Performance,
Foreseen Improvement and Perspectives

Raquel de los Reyes(2), Silvia Enache(4), Sebastien Clerc(5), Florian Poustomis(5),
Rosalinda Morrone(6), Valentina Boccia(7), Ferran Gascon(7)

(1) Telespazio France - A Leonardo / Thales Company, Email: jerome.louis@telespazio.com
(2) German Aerospace Centre, Remote Sensing Technology Institute, (3) Telespazio Germany,
(4) CS Group, (5) ACRI-ST, (6) Starion Group, (7) European Space Agency, ESRIN

~

V2 TELESPAZLIO

N a LEONARDO and THALES company

/

"

Sentinel-2 mission: Constellation of two polar orbiting satellites, respectively launched on 23/06/2015 (Sentinel-2A), 07/03/2017
(Sentinel-2B ), 05/09/2025 (Sentinel-2C successor of Sentinel-2A), carrying the optical imaging sensor MSI (Multi-Spectral Instrument).
Inputs of Level-2A processor (Sen2Cor) : Level-1C Top-Of-Atmosphere (TOA) ortho-image reflectance products.

Main outputs of Level-2A product: Scene Classification (SCL) map, aerosol and water vapor maps and a surface reflectance image.
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( Updates:

« Latest validation results for the SCL cloud masking performance of the operational L2A processing baseline including reprocessed
Collection-1 data (reference data for validation is generated through manual labelling).

« Novel approach to mitigate the cloud omission for very low-altitude clouds missed by the SCL parallax algorithm.
\_ Perspectives : Attempt to mask haze and smoke from increasingly frequent large wildfires.
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Two main modules :

» Scene Classification (SCL)
» Atmospheric Correction (AC)

Radiative Transfer Model:
> libRadtran

Sen2Cor can be run from:
=2 Command line

= Plugin of the Sentinel-2
Toolbox (SNAP-S2TBX).

Radiative Transfer
LUT (libRadtran)

optional

Series of threshold
tests on L1C
spectral bands,
band ratios and
indices

Cirrus.

Correction
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Sen2Cor Processor Overview

- terrain correction
- adjacency corr.
- BRDF correction
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« AOT, WV maps

20m (60m):
*9 (11) bands
« SCL, AOT, WV
» cloud probability
» snow probability

Sen2Cor processor can be downloaded from:
http://step.esa.int/main/third-party-plugins-2/sen2cor/
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Fixed sites

L2A Product Performance reported in the monthly L2A Data Quality Reports:
https://sentiwiki.copernicus.eu/web/document-library#DocumentLibrary-

Latest Validation Results

S2MSlLevel-2ADataQualityReportsLibrary-S2-Performance-DQR-L2A
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Classification

and

performance is
evaluated by comparison of the
Sen2Cor outputs with reference
samples.

The reference samples were
labelled visually based on the

RGB and false-RGB composites,

cirrus band layer, and the
- | spectral profiles.
Current analysis of classification

accuracy for L2A SCL products
were evaluated over 5 fixed site
scenes

13 annual

randomized site scenes.

The 5 test sites were selected
as they are distributed over

different continents,
different climate zones,

covering
and

including various seasons, and
environments.
selection is rotated monthly for

each

site

seasonality.

13 products

to

The scene

observe the

The chosen monthly products
are the products with cloud

cover closest to 20% and no
data pixels of less than 33%.

Scenes without snow (snow coverage < 50%)

Clear pixels Cloud pixels Sum User Accuracy Commission Error Overall Accuracy
Clear pixels 48% 7% 54% 88% 12% 91%
Cloud pixels 2% 43% 46% 96% 4%
Sum 50% 50% 100%

Producer Accuracy 96%

86%

Balanced OA

Omission Error 4.0%

13.7%

92%

Clear pixels

Cloud pixels

Sum

User Accuracy

Commission Error

Scenes with snow (snow coverage > 50%)

Overall Accuracy

Clear pixels 30%

12%

42%

71%

29%

83%

Cloud pixels 5%

53%

58%

93%

8%

sum 35%

65%

100%

Producer Accuracy 87%

81%

Balanced OA

Omission Error 13.2%

18.8%

79%
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Objectives:

> To improve the detection of low-altitude clouds and fog in Sentinel-2
images, currently problematic for some cases and related to a B8A-B08
parallax threshold fixed in Sen2Cor SCL algorithm.

Prototype for low-altitude clouds detection

Methods:

> Selecting a large training dataset to set a low-altitude cloud detection
criteria, focusing on problematic landscapes like coastal areas with near
shore mountains (e.g. New Zealand)

> In the event of low-altitude clouds (about 5 % of the tiles), the
algorithm generates a protective mask identifying all clouds (in red) to
exclude them from the application of the parallax threshold. For the
95% of the tiles not affected by low-altitude clouds, the algorithm is
unchanged (v2.12).

Tile 59GMK, Dunedin, New Zealand

acquired on 16 July 2024
Status: q y

> Participating to the CMIX-II initiative to have an independent
estimation of the changes between the two versions of the algorithm

Prototype

Masking Haze and Smoke

Objectives:

> To provide information regarding haze and smoke pixels in L2A products (useful for example to
monitor wildfires, exclude smoke pixels from quantitative surface reflectance analysis, etc)

Methods:
> Calculation of Haze Thickness Map (HTM) based on a Dark Object Subtraction Method!

1 Haze Detection and Removal in Remotely Sensed Multispectral Imagery, Makarau et al. (2014) https://doi.org/10.1109/TGRS.2013.2293662

Status:
> Suitable test scene selection with haze and/smoke features
> To test thresholding methods for haze and/smoke pixel detection improvement

Sentinel-2 RGB composite Haze Thickness Map (Band 02) Classification

. (: geocoded background
. 1: shadow
. 2: thin cirrus {(water)
. 3: medium cirrus (water)
4: thick cirrus (water)
. 5 land (clear)
. 6 saturated
7 snow/ice (ice cloud)
&: thin cirrus {land)
9 medium cirrus (land)
10: thick cirrus (land)
11: thin haze (land)
12: medium haze (land)
. 13: thin haze/glint {water)
. 14: med. haze/glint (water)
15: cloud (land])
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16: cloud (water)

. 17: water
18: cirrus cloud

. 19: cirrus cloud (thick)
20: bright

. 21: topogr. shadow
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Test scene 30TXQ, France, acquired on 11 August 2022
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Conclusions

L2A SCL products without snow cover show a commission error of the clear pixels at 12 %, mostly due to
misclassification of clear pixels to thin cirrus clouds and misclassification of cloud shadow to clear pixels.
L2A SCL products with snow cover show a commission error of the clear pixels at 29 %, mostly due to
misclassification of cloud shadows and thin cirrus clouds to clear pixels.

A recent Sen2Cor prototype is under validation to mitigate the low-altitude clouds pixels omission.
Efforts are on-going for masking of haze and smoke emitted by larges fires visible in Sentinel-2 images.
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