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Stocked 

Naturally regenerating forest

Settlement with trees

Other wooded land

Cropland with trees

16 Land Use classes

Was it a forest in 2020?

What kind of forest?

What is the land use in that area?

F

NF

NF

NF

Forest as a Land Use
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Forest
• min. 0.5 ha

• Trees with capacity to reach in situ:

•  5+ m height

• 5-10% canopy cover

• No agricultural or urban land use

FAO FRA 2020 Terms and Definitions
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Forest Land Use Assessment
Forest
• min. 0.5 ha

• Trees with capacity to reach in situ:

•  5+ m height

• 5-10% canopy cover

• No agricultural or urban land use

FAO FRA 2020 Terms and Definitions
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Compliance to the EU Regulation on Deforestation-free Products (EUDR)
• EU rules to prevent the consumption of products contributing to deforestation or 

forest degradation

Reporting for the FAO Forest Resources Assessment (FRA)
• Reference global report on the extent of forest resources, their condition, 

management and uses.

Land cover or indirect products
▪ Global Land Cover and Land Use Change 2000-2020 (UMD)

▪ Global 25 m Resolution PALSAR-2 F/NF (JAXA)S

▪ …

▪ Global Forest Change 2020 (EC JRC)

Human expert interpretation

(EU) Regulation 2023/1115, FAO FRA 2020, Potapov et al. 2022, 

JAXA 2022, Bourgoin et al. (subm.) 

We need ways to assess Forest and other Land Uses

Why we need it

State-of-the-art



Forest Land Use assessment relies
on human expert interpretation
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40 ha hexagon, 1 ha square centroid



Forest Land Use assessment relies
on human expert interpretation

But it is tedious and resource intensive

FRA 2020 RSS in numbers

▪ 5-30 min per plot

▪ 800+ experts

▪ 100+ countries and territories

▪ 34 workshops

▪ 2 years in total
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40 ha hexagon, 1 ha square centroid



FLUC-16: a Forest Land Use Classification model 
trained on the FRA 2020 RSS dataset
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1 ha

Model input
✓ Global, open-access, no VHR, satellite imagery

▪ Sentinel-2 composite (2018)

▪ Landsat CCDC coefficients (2000,2010,2018)

▪ ALOS PALSAR composite (2018)

✓ Encoded plot coordinates

+    Spatial context: plot neighboring pixels

Model output
▪ Main land use (out of 16 classes) in 2018

▪ Entropy (uncertainty)

Vision transformer architecture



The fewer the number of classes 

the better the model performance

Stocked 

Naturally regenerating forest

Temporarily unstocked 

Planted forest

Settlement with treesOther wooded land Cropland with trees Inland water

Forest Non-forest

Other Wooded Land Other Land Water

F/NF

4-classes

16-classes

Other tasks possible.

Example: EUDR
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F1 score

(macro avg)

Accuracy

(overall)

F/NF 0.88 0.88

4-classes 0.78 0.83

16-classes 0.58 0.66



Other wooded land is a very challenging class

Other Wooded Land
• Not a Forest

• min. 0.5 ha 

• Trees capable to reach in situ:

• 5+ m height

• 5-10% canopy cover

OR

• Trees + shrubs +  bushes capable to reach in situ:

• 10% canopy cover
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[4-classes]

FAO FRA 2020 Terms and Definitions



FLUC-16 cannot be distinguished from human experts

FRA 2020 RSS

Accuracy Assessment

(3-4 labels per plot)

FLUC-16

prediction

(1 label)

F1 scores

FLUC-16 and experts (dis)agree on average equally often
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FLUC-16 vs GFC2020: 0.86

…



The model entropy is a good measure of prediction uncertainty 
and aligns with how much human experts disagree
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    calibration accuracy 

Entropy ~ incorrect model prediction (16 classes) 72%

Entropy ~ inter-expert level of disagreement 71%



FLUC-16 entropy ~ model prediction uncertainty ~ expert level of disagreement

at the FRA 2020 RSS Accuracy Assessment plot locations (averaged per hex bin)
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FLUM: an integrated tool for forest land use assessment 
and mapping by and for the users

Outlook (time and funding needed !)
❑ Release the model and documentation (in prep.)

❑ Deploy the model on FAO SEPAL

❑ Generate a map (Poster D.02.06 Thu 17.45 area X5 zone T)

❑ Use model output for annotation QC

❑ Use model to select additional training samples (active learning)

❑ Allow for additional input



Key messages

First use of FRA definitions and data for training a global AI model classifying 
16 land uses including forests.

Model performance is comparable to human experts and GFC2020.

Model outputs a calibrated measure of classification uncertainty.

Bottleneck for model development is the availability of high-quality reference labels.

Model can support more efficient and more accurate forest land use assessment.
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……
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Models to support
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forest land use assessment
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Comparable error rates to GFC2020 v2 

Metric [%] FLUC-16

(ref. year 2018)

GFC2020 v2

(ref year. 2020)

Overall accuracy 88 92

Forest omission error 11 8

Non-forest omission error 13 9

Forest commission error 17 18

Non-forest commission error 8 4
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Model trained 

on reference labels 

and sat. imagery

✓ Easy to update!

Combination of 

EO products
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Plots with a disturbance between 2018 and 2020 have been filtered out
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