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20 years of Sentinel-2-like data ! L] mmsr Copemions = {OCSA

Interest of revisit with constant view angles
Formosat-2 (satellite from Taiwan) : 2004-2012, in prep for VENYS mission
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Hagolle, O., Huc, M., Pascual, D. V., & Dedieu, G. (2010). A multi-temporal method for cloud detection, applied to
FORMOSAT-2, VENuS, LANDSAT and SENTINEL-2 images. Remote Sensing of Environment, 114(8), 1747-1755.

Hagolle, O., Huc, M., Pascual, D. V., & Dedieu, G. (2015). A multi-temporal and multi-spectral method to estimate
aerosol optical thickness over land, for the atmospheric correction of FormoSat-2, LandSat, VENuS and Sentinel-2

images. Remote Sensing, 7(3), 2668-2691. ,
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Europe’s eyes on Earth

Interest of revisit with constant view angles
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20 years of Sentinel-2-like data ! L] mmsr Copemions = {OCSA

Interest of coverage
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weovos [N Processing of full time series of Landsat 5 data,
cutin 110x110 km tiles, in 2011

- Corrected from atmospheric effects
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. .. Tule0763" Tuile 08-63 Dominique Courault, Sébastien Garrigues, Olivier
; Marloie, Olivier Hagolle, Pierre Guillevic, Gilles
Boulet, Uncertainty assessment of surface net
radiation derived from Landsat images, Remote
Sensing of Environment,Volume 175, 2016,

Hagolle, O., Huc, M., Pascual, D. V., & Dedieu, G.
(2015). A multi-temporal and multi-spectral method
to estimate aerosol optical thickness over land, for
the atmospheric correction of FormoSat-2, LandSat,
VENPS and Sentinel-2 images. Remote Sensing,
7(3), 2668-2691.



20 years of Sentinel-2-like data ! L] mmsr Copemions = {OCSA

Take 5 experiments on a 5 day orbit with SPOT satellites
« SPOT4 (Take5) 2013 ~ 55 sites

« SPOTS5 (Take5) 2015 ~ 50 sites
Use of multi-temporal information to separate types of crops  saswm =

Landsat Science

First tests of fully automatic land cover retrieval
using machine learning
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Thanks to all participants to the petition to maintain S2A !
sentine|-2 .. And thanks Copernicus and ESA for providing us 3 satellites

3 TIME VISION
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Some achievements
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Achievements : Reflectances i | s (opemicus === 2 @SA

Cloud Screenlng and Atmospheric correction A 20171108 4
became operational - (L

 Here MAJA L2A processor
 Hagolle et al 2008, 2011, 2015, 2017
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e But still some work to do:
* 8% of errors In cloud masks
 SNR of 5 for Aerosol Optical Depth

* Adjacency effects
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Achievements : Super resolution | e (opemes — P @SQ
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S2 Red Edge band (B5,B6,B7, res 20 m), resampled at 5 m, using bicubic filter
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Achievements : Super resolution | e (opemes — P @SQ
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Bam Y Vil e/ & J. Michel, E. Kalinicheva and J. Inglada, "Revisiting

| ’ ' " remote sensing cross-sensor Single Image Super-

3 c ) _ - Resolution: the overlooked impact of geometric

T i i J N and radiometric distortion," in IEEE Transactions

by S é{. : - g on Geoscience and Remote Sensing, 2025
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S2 Red Edge band (B5,B6,B7, res 20 m), resampled at 5 m, usihg super-resolution
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Achievements : Super resolution | meemsar Copemicys - P82

S2 S2-1m VHR image
S2DR3 (Akhtman 2023) S2 downscaled to 1 m ! Realistic and beautiful, but wrong
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Achievements : Data Fusion

Data Fusion by deep learning
Fusion of LANDSAT 8,9, S2A, S2B
1 year of data as input (for instance)
All bands, any time, at best resolution

10 m

Year 2022, every 10 days, no clouds
Accuracy for S2 predicted reflectances

0.015 for S2, when Landsat on same day
0.025 to 0.045 when no data 1 month out of 2

Paper and data set submitted

Julien Michel, Jordi Inglada. Temporal
Attention Multi-Resolution Fusion of Satellite
Image Time-Series, applied to Landsat-8 and
Sentinel-2: all bands, any time, at best spatial
resolution. 2025. (hal-05101526)
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https://hal.science/hal-05101526v1

Achievements : Annual land cover i | memmeere (Copemicss == @@ @SA

Europe’s eyes on Earth

Annual land cover over

France, produced yearly EEE¥88 0 S0 - & 8 M
since 2017 —raa iy
. . > e ' ey _' 5 Zones industrielles et commerciales [l For?tsde FeUi'llfJS
- Machine learning o e B Fores decotces
« 1 year of Sentinel-2 data % e o iy
P\ i h Soja Plages et Dunes
) 10 to 15 O/O Or‘ er‘ro rS 3 » % > - -"l\';);;nesol -S:Jciersetneigeséternelles
Inglada, J., Vincent, A., Arias, M., Tardy, B., Morin, D., & Rodes, I. (2017).
Operational high resolution land cover map production at the country scale
using satellite image time series. Remote Sensing, 9(1), 95.
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Achievements: Crop Biomass | weamar Copemicys -~ P82

Above ground Biomass for winter wheat
- Modelling approach h
« Sentinel-2 during crop season

* Uncertainty 10%
Wijmer, T., Al Bitar, A., Arnaud, L., Fieuzal, R., &
Ceschia, E. (2024). AgriCarbon-EO v1. 0.1: large-scale
and high-resolution simulation of carbon fluxes by
assimilation of Sentinel-2 and Landsat-8 reflectances
using a Bayesian approach. Geoscientific Model
Development, 17(3), 997-1021.

Dry above ground biomass at
harvest for winter wheat fields

Biomasse in 2019
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Achievements: Meadows and Crops | mmar (opemicys - oesa

Wheat Yield
Sentinel-2, Machine learning
Uncertainty 0.8 t/ha

 Meadow first mowing date
« Sentinel-2, machine learning
« Uncertainty : 6 days
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Henry Rivas, Hélene Touchais, Vincent Thierion, Jerome Millet, Laurence
Curtet, Mathieu Fauvel, Nationwide operational mapping of grassland first 50
mowing dates combining machine learning and Sentinel-2 time series,
Remote Sensing of Environment, Volume 315, 2024, >
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Achievements: Forest Height and Biomass | =z (opemicys =~ o esa

51°N

Machine learning

GEDI lidar tree height as reference
S1,52, ALOS as input

Uncertainty : 3.7 m, 75t/ha
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Morin, D.; Planells, M.; Guyon, D.; Villard, L.;
Mermoz, S.; Bouvet, A.; Thevenon, H.; Dejoux, J.- .
F.; Le Toan, T.; Dedieu, G. Estimation and Mapping i
of Forest Structure Parameters from Open Access
Satellite Images: Development of a Generic S B ARG,
Method with a Study Case on Coniferous . OERUR b
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Conclusion and perspectives | e (opemes — P @SQ

Sentinel-2 has completely changed HR remote sensing : it's a revolution !

- HR optical standard products at high resolution are time series and not images anymore

« We can count on the availability of data (clouds excepted)

- Only Landsat enabled that before, and S2 is way better (but does not have 40 years history)

We have less than 1 year to test the improvement brought by the 3 satellites

* Please test your applications with and without Sentinel-2 to show the improvement
- Don’t wait the publication to tell ESA/Copernicus (and myself ...).
« An initiative from ESA/EU to gather the results would be welcome
S2-NG will probably not improve revisit, but will still be a wonderful mission
HR TIR missions (TRISHNA) with revist are coming : Session A.02.01 Friday a.m.
VHR (2 m) with revisit and stereo needed (4D-Earth) : Session C.02.20 Friday p.m.
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