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¼ of French forests

Bark beetle attacks Fires, Storms

+ 54 % Mortality

Wood production
+ 20 % harvest
- 10 % growth

CO2 Absorption
~ 25 % of fossil fuel emissions

How to monitor French forests ?  
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Laifour, Ardennes



Les Ragus, Pierrefitte-ès-bois, Loiret, Sentinel-2

?
Forest resources ? Damages ?



SAR (Synthetic Aperture Radars)Optical sensors

- Passive, measure sun’s 
reflected light
- Visible + near-infrared 
spectrum

- Active
- Microwave spectrum
- Day and Night
- See through clouds

Remote sensing 
(RS) imagery

Sentinel-2 Sentinel-1



Global Ecosystem Dynamics Investigation
Source : https://gedi.umd.edu/

Infrared Light 
from GEDI Waveform that gives information on forest vertical 

structure

Reflection on leaves 
and  branches

Canopy 
Height



Crecy Forest, Somme, © Google Maps GEDI height measurements

Global Ecosystem Dynamics Investigation
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Adapted from Ronneberger et al. (2015)

● Designed in 2015 for medical 
image segmentation

U-NET

● Outperforms classical ML 
algorithms

● ~ 17 Million of weights

● Learn from multi-scale 
image texture and 
context



We want forest height

LOSS FUNCTION
(e.g. Mean absolute Error)

Adjustment of model weights
 (loss backpropagation)

GEDI Footprints

14 bands 
4 from S1 

+ 
10 from S2

Repeat ~ 105 times to minimize the loss
Methods: Training process 



Canopy height map FORMS-H: FORest Multiple Satellite - Height

Les Lavaults, Quarré-Les-Tombes, Yonne

Our height prediction

Sentinel-2



Google Maps, Forêt de Crécy (France)
FORMS-H: Canopy height map

FORMS-H (our model)



Laifour, Ardennes

FORMS-H: Canopy height map

FORMS-H

How to validate ? 



Comparison to Forest Plot data (5 475 plots)
French National Forest Inventory 2020, IGN

Validation with independent data

Comparison to Airborne Lidar
 LIDAR HD, IGN, 2022



Height change: Application to detect perturbations

Teste de Buch forest, before and after the 2022 wildfires

Dune du Pilat



Towards higher-resolution (Fajwel Fogel) 

ALS data (LiDAR HD IGN)

SPOT images (DINAMIS) : 1.5m



Towards higher-resolution : 
SPOT images (DINAMIS) + ALS data (LiDAR HD IGN)



OPEN-CANOPY:
An open access dataset with preprocessed 
data and fixed train/val/test splits for the 
ML community

Evaluation on 
forests + high vegetation



Towards higher-resolution : SPOT images + ALS data
An extensive benchmark of deep learning models



Towards higher-resolution : SPOT images + ALS data
Best models are hierarchical ViT and Unet



Towards higher-resolution : SPOT images + ALS data
Height change detection (when it works)
min height change 10m, min area of change 100m2



Towards higher-resolution : SPOT images + ALS data
Height change detection: a very challenging task

Some limitations are due to the data itself 
e.g., LiDAR acquisition date not matching exactly SPOT acquisition date



Thank you for your attention
martin.schwartz@lsce.ipsl.fr fajwel.fogel@ens.fr


