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RESULTS

Can Sentinel-1 time series enhance the detection
and management of spruce budworm outbreaks
in forest ecosystems?
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SBW (Choristoneura fumiferana) at Different Scales:
Individual caterpillar on a needle (a), group of individuals 
defoliating a branch (b), ecosystem affected by defoliation 

from a population of SBW (c)

GROUND TRUTH DATA OF SBW OUTBREAKS

SAR TIME SERIES EXTRACTION

Understand the variations in the backscattering coefficient and 
link it with forest damages due to spruce budworm defoliation

- 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 : A MAJOR THREAT

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)
• severe damage (many trees completely defoliated in the area)
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Spruce Budworm detection by Natural Ressources Canada 

around the Saguenay river in recent years

Sentinel-1 (launched in 2014), ESA

C-Band SAR Satellite, 12 days

temporal revisit

Open data 

2 polarizations: 

VV and VH

Sentinel-1 Time Series

GROUND TRUTH DATA PROCESSING

• Keep all the SAR resolution
• Manage the SAR data in Single 

Look Complex format

SENTINEL-1 DATA PROCESSING WITH SNAP

- 234 coregistered SAR images over 
the Saguenay River (Quebec) 
between August 2016 and 
February 2025

- Cover around 13600 km2 mostly
forest areas

Compare ecologically similar areas (Dense pine forest, few 
slope): infested by the SBW / not infested

Ground Range (Ground Truth data)

Slant Range 
(SAR data)

Our 
suggestion

Usual way
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First detection of SBW in this forest
according to the ground truth

No detection

Light damage detection

Medium damage detection

Severe damage detection

Type of trees : Mixed trees, mostly
coniferous
Low slope (<3%)
Dense & homogeneous in terms of tree
age
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No detection of SBW 
(95 dates)

SBW detected
(139 dates)

VV average (STD) 0.0679 (0.02) 0.0588 (0.015)

VH average (STD) 0.0189 (0.008) 0.0174 (0.005)

Statistical differences
between the periods
affected by SBW and 
not affected

Use the ratio VV/VH to study the Time-Serie

Minor differences between
healthy and SBW outbreaks
periods
How can we explain them
physically and ecologically ? 
How can we use them to 
detect SBW outbreaks?

Objectives for the future : 
Develop a deep learning model based on Long-Short-Term Memory 
Neural networks to handle all the data we have in this area [4]
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