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End user needs

Model specification

Model development

Use case selection
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CONCEPT

Geo-data for 
environmental policy
in Flanders

Ground reference data

Deep learning models

Sentinel data

USE CASES

Biological Valuation Map Forest monitoring Crop damage by wild boar

Buffer zone watercourses Catch crops Algae blooms

Water detectionFire hazard in heathlands
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Context: Flanders, Belgium

• Highly urbanized & fragmented landscape
• Forest cover percentage ~10 % of  area
• Shift in policy focus

• Wood production  multifunctionality
• Increase average stand age & structural diversity
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Current forest monitoring in Flanders

• National forest inventory  Tree characteristics (diameter, height), presence native/exotic species, dead wood

• But only allows for statistical evaluation on regional level over decadal time period

• Need for information: frequent updates and spatially-explicit
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Objectives and challenges

• Can we use national forest inventory data in Flanders to train supervised ML/DL 
algorithms? 

Challenges
• Temporal mismatch between data collection and Sentinel-2 data
• Limited size of  inventory (~2600 plots in one measurement cycle)
• Highly imbalanced datasets
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Sentinel-2 imagery 
Level L2A

Flemish forest inventory 
2009-2019

Time series extraction 
from GEE

Plot 
locations

Time series per plot
Preprocessed dense 

time series
Analysis ready 

dataset

Data-aggregation 
tree-level to plot-level

Encoded 
labels

Cloud masking (S2 cloud 
probability), 

spectral band selection,
VI calculation

Data preparation workflow
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Datasets
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Analysis ready 
dataset

Training dataset

Test dataset

Pre-processing Trained model

Test model

Model training and 
tuning

ML/DL 
algorithm for 
time series 

classification

Split data
(stratified)

Performance metrics

80%

20%

Model training workflow
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Temporal convolutional neural network (tempCNN)

• Architecture proposed by Pelletier et al. (2019)
• Applies the idea of  temporal convolutions
• Previously applied to crop type mapping
• Compare with random forest



Living Planet Symposium | Margot Verhulst | Forest monitoring in Flanders, Belgium 10

Results

Highest 
overall accuracy

92%
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Results

Highest 
overall accuracy

82%
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Results

Highest 
overall accuracy

70%
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Findings

• Optimal number of  convolutional layers: 2 or 3
• Certain configurations with too many layers may lead to under-performance

• TempCNN vs RF
• RF performance is often on similar level as best-performing TempCNN configuration
• Training and testing time

• Performance across years seems similar
• Transferability across years?
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Next steps

• Run additional experiments with TempCNN
• Repeat experiments to check robustness of  accuracies
• Class imbalance
• Move towards prediction of  percentages of  classes
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