PARIS-SACLAY

. living planet |vienna
é cnNnes SON D RA /Cz—l\—l——ERA\ universite syngplc))sium 2025

THE FRENCH AEROSPACE LAB

France-Singapore Lab

Detection of Spruce Budworm with Sentinel-1 Time Series

Lauriane Mousset!4, Laetitia Thirion?, Régis Guinvarc’h?, Xavier Dupuis?, Thierry Koleck?3, Frederic Briguil

In collaboration with André Beaudoin, Natural Ressources Canada

IDEMR, ONERA, Université Paris-Saclay - F-91120 Palaiseau, France, 2SONDRA, CentraleSupélec, Université-Paris-Saclay — F-91190 Gif-sur-Yvette, France,
SCESBIO, CNES — F-31000 Toulouse, France

SPRUCE BUDWORM : A MAJOR THREAT GROUND TRUTH DATA OF SBW OUTBREAKS
FOR CANADIAN FORESTS £ Annual data of SBW outbreaks in summer, 2016 to 2024 [3]

- 3 stages of damage :

light damage (a few trees defoliated)

[ medium damage (some trees partially defoliated)

Bl severe damage (many trees completely defoliated in the area)

- Moth native to North America

- Life cycle of 1 year

- Attacks spruce (Picea) and balsam
fir (Abies balsamea)

- Increase of Spruce Budworm (SBW)
outbreaks in the region of Quebec,

Canada [1] Geographic distribution and life
cycle of the eastern SBW [2]

Spruce Budworm detection by Natural Ressources Canada
around the Saguenay river in recent years
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‘ Compare ecologically similar areas (Dense pine forest, few
slope): infested by the SBW / not infested
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SBW (Choristoneura fumiferana) at Different Scales: GROUND TRUTH DATA PROCESSING
Individual caterpillar on a needle (a), group of individuals /
defoliating a branch (b), ecosystem affected by defoliation ﬁ; o e
from a populatlon OfSBW (C) our //’ : ¢ Keep a” the SAR rESOIUtiOn
: * Manage the SAR data in Single
suggestion

Look Complex format
Can Sentinel-1 time series enhance the detection

and management of spruce budworm outbreaks
in forest ecosystems?

RESULTS

Sentinel-1 Time-5Serie over a mixed forested area accross the time (2016-2025)

Pixel coordinates : (4885, 1900) - Time window : 2 - Spatial window : 3
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and SBW outbreaks | - Cover around 13600 km2 mostly
periods forest areas
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How can we explain them
physically and ecologically ?

— & How can we use them to REFERENCES

=== Average Healthy Forest : 5.914 dB (S5TD : 1.009)

Ratio VV/VH in dB)
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——- Average SBW Forest : 5.437 dB (STD : 0.776) 1] Blais, J.R., 1983. Trends in the frequency, extent, and severity of spruce budworm outbreaks in eastern Canada. Canadian Journal of Forest
2017 2018 2019 2020 2021 2022 2023 2024 2025 dEtECt SBW OUtbreakS? ,E?e]search. 13(4): 539-547. https://do(i:l.org/f\llo.1139/X83-O79 o !
Time [2] Marshall, K and al. (2021), Surviving in a Frozen Forest: the Physiology of Eastern Spruce Budworm Overwintering, PHYSIOLOGY 36: 174-182,
https://doi.org/10.1152/physiol.00037.2020
4 Obiecti for the fut . [3] Ministere des Ressources naturelles et des Foréts (2024). Tordeuse des bourgeons de |'épinette de 2014 a aujourd’hui, dataset,
Jectives Tor the Tuture : https://diffusion.mffp.gouv.qc.ca/Diffusion/DonneeGratuite/Foret/PERTURBATIONS NATURELLES/Tordeuse bourgeons epinette/TBE Donnees 201
TODO Develop a deep learning model based on Long-Short-Term Memory 4-aujourdhui.zip
— Neural networks to handle all the data we have in this area [4] [4] Thomas Di Martino, Régis Guinvarc’h, Laetitia Thirion-Lefevre and Elise Colin, "Beets or Cotton? Blind Extraction of Fine Agricultural Classes Using

\ S/ a Convolutional Autoencoder Applied to Temporal SAR Signatures," IEEE Transactions on Geoscience and Remote Sensing, vol. 60, pp. 1-18, 2022.
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