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Forest as a Land Use - T it capecty o e s

FAO FRA 2020 Terms and Definitions

Forest
* min. 0.5 ha

* 5-10% canopy cover
* No agricultural or urban land use

Timothée Stassin - Al for Forest Land Use Mapping - LPS25

Stocked
Naturally regenerating forest

Cropland with trees

o

NF =

Settlement with trees

16 Land Use classes
2



Forest Land Use Assessment - weeswncapasiy toreachinsi

What is the land use? Is it a forest? What kind of forest?

FAO FRA 2020 Terms and Definitions

Forest
* min. 0.5 ha

* 5-10% canopy cover
* No agricultural or urban land use

Timothée Stassin - Al for Forest Land Use Mapping - LPS25

Stocked
Naturally regenerating forest

Cropland with trees

o

NF =

Settlement with trees

16 Land Use classes
3



We need ways to assess Forest and other Land Uses

Why we need it Qj?;; Compliance to the EU Regulation on Deforestation-free Products (EUDR)
ResO IFC?W « EU rules to prevent the consumption of products contributing to deforestation or
Assessment forest degradation

Reporting for the FAO Forest Resources Assessment (FRA)
« Reference global report on the extent of forest resources, their condition,
management and uses.

State-of-the-art 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

JAXA 2022, Bourgoin et al. (subm.)



Forest Land Use assessment relies
on human expert interpretation

Navigate: = Analyzed
Mod! Collect
@® Admin
Usel
368 ==Y
| Tools
e [ ceooen ]
s [ = )
Pl ML l
uction: l
th Web

VHR composite VHR composite VHR composite

l
(zoomed in) (zoomed out) v O
Unanswered Color @ Black ) White

BN EN RN
: ]
| [o l
e ]e l

)G
Flag Plot ” Clear All ]
I l

Landsat composite Sentinel-2 composite Single date VHR tile
(2010) (2018) (if available)
40 ha hexagon, 1 ha square centroid
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Forest Land Use assessment relies
on human expert interpretation

But it is tedious and resource intensive

VHR composite VHR composite
(zoomed in)
Landsat composite Sentinel-2 composite
(2010) (2018)

40 ha hexagon, 1 ha square centroid

VHR composite
(zoomed out)

Single date VHR tile
(if available)

Actual land use

Area of interest | EO data
(1-ha square plot) providers

A 4

Georeferenced (VHR) Satellite imagery
satellite imagery preprocessing

s ™\
—» Location identification .
| v,

v

Expert p Y \ w
knowledge —— ) . F oL
& Training —>» Land use interpretation

_ J TN
¢ OwWL

Label encoding

Manual QC
Y

FRA 2020 RSS dataset
(400k plots, 1 expert)

o
"

Reporting

Accuracy Assessment dataset
(10k plots, 3-4 experts)

FRA 2020 RSS in numbers

= 5-30 min per plot

= 800+ experts

= 100+ countries and territories
= 34 workshops

= 2 years in total

Timothée Stassin - Al for Forest Land Use Mapping - LPS25



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

Area of interest
(1-ha square plot)

Actual land use

EO data
providers

Satellite imagery
preprocessing

v

Georeferenced
satellite imagery

A 4

e |

Training set —
Reference labels

(FRA 2020 RSS)

Model input

v Global, open-access, no VHR, satellite imagery
=  Sentinel-2 composite (2018)
= Landsat CCDC coefficients (2000,2010,2018)
= ALOS PALSAR composite (2018)

v" Encoded plot coordinates
+ Spatial context: plot neighboring pixels .

1 ha

Vision transformer architecture

Model output
= Main land use (out of 16 classes) in 2018
= Entropy (uncertainty)

Timothée Stassin - Al for Forest Land Use Mapping - LPS25



he fewer the number of classes
the better the model performance

F/NF Forest Non-forest

4-classes

16-classes A A A !‘a @b =
A A A # ﬁ Y
A A A
Stocked Temporarily unstocked Other wooded land Cropland with trees Settlement with trees Inland water
Naturally regenerating forest Planted forest

F1 score Accuracy
(macro avg) (overall)

FINF 0.88 0.88

4-classes 0.78 0.83

Other tasks possible.
Example: EUDR 16-classes 0.58 0.66

Timothée Stassin - Al for Forest Land Use Mapping - LPS25 8



Other wooded land is a very challenging class [4-classes]

Water 08
0.7
0.6
_ Forest
2 0.5
®©
]
> -1 04
™ Other Wooded Land o Other Wooded Land
' « Not a Forest
- 0.2 * min. 0.5 ha
« Trees capable to reach in situ:
Other Land 0.11 0.04 4 0.1 « 5+ m height
* 5-10% canopy cover
— 0.0 OR

» Trees + shrubs + bushes capable to reach in situ:
* 10% canopy cover

Water
Forest
Other Land

Other Wooded Land |-

Predicted label

Timothée Stassin - Al for Forest Land Use Mapping - LPS25
FAO FRA 2020 Terms and Definitions



FLUC-16 cannot be distinguished from human experts

F1 scores

FLUC-16 FRA 2020 RSS
prediction  Accuracy Assessment
(1 label) (3-4 labels per plot)

Classification Tasks

FLUC-16 vs GFC2020: 0.86

0.86 +0.01

F/NF
0.86 + 0.02

I Expert vs Expert
1 FLUC-16 vs Expert

0.75 £0.02

4-classes
0.74 £ 0.03

0.51 +£0.03

16-classes

0.52 +0.05

0.0 0.2 0.4 0.6
F1

0.8

1.0

FLUC-16 and experts (dis)agree on average equally often

Timothée Stassin - Al for Forest Land Use Mapping - LPS25
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The model entropy is a good measure of prediction uncertainty
and aligns with how much human experts disagree

Entropy vs Correctness

2.0
1.5 |
[ Model J -
Q.
o
=
¢ ¢ w 1.0
Prediction Entropy
(main land use) (uncertainty) 05
0.0 - ; |
False True
Correct Classification
calibration accuracy
Entropy ~ incorrect model prediction (16 classes) 72%
71%

Entropy ~ inter-expert level of disagreement

Timothée Stassin - Al for Forest Land Use Mapping - LPS25
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0.12 0.35 0.58 0.81 1.04 1.27 1.50 1.74

FLUC-16 entropy ~ model prediction uncertainty ~ expert level of disagreement
at the FRA 2020 RSS Accuracy Assessment plot locations (averaged per hex bin)

Timothée Stassin - Al for Forest Land Use Mapping - LPS25
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FLUM: an integrated tool for forest land use assessment
and mapping by and for the users

EO data
providers

!

Satellite imagery

—» Land Use

Reference labels

T

—)[ Data collection by humans ]

—>» Uncertainty

Expert knowledge
& Training

Outlook (time and funding needed !)

0 Release the model and documentation (in prep.)

O Deploy the model on FAO SEPAL

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

0 Use model output for annotation QC

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

Timothée Stassin - Al for Forest Land Use Mapping - LPS25 13



Key messages

o -

i x5 A iy First use of FRA definitions and data for training a global Al model classifying
% £ A 16 land uses including forests.

¥V Ly )

~
-— Model performance is comparable to human experts and GFC2020.

brecition  Entropy Model outputs a calibrated measure of classification uncertainty.
(main land use) (uncertainty)
"\ D//Vg'-
owL Bottleneck for model development is the availability of high-quality reference labels.
Model can support more efficient and more accurate forest land use assessment.

Timothée Stassin - Al for Forest Land Use Mapping - LPS25 14
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http://www.juliakressirer.com/

ESA Living Planet Symposium 2025 (Vienna). E.05.01 Traceable, Transparent Supply Chain Data for Monitoring: Examples from the Forest Data Partnership and A Call to Accelerate Industry Alignment.

Models to support
more efficient and more accurate
forest land use assessment

EO data Additional
providers (local) data

|

Satellite imagery

—» Land Use —

—» Map —» Reporting

Additional Reference labels — Uncertainty —
land use classes T
Expert knowledge

—)[ Data collection by humans ]

& Training

Poster D.02.06 Thu 17.45

] ; i area X5 zone T
Timothée Stassin

stassin@gfz.de

Food and Agriculture Organization /'/// G F Z Helmholtz Centre -
of the United Nations J for Geosciences &’I/Z&d—— esa

25t June 2025
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Comparable error rates to GFC2020 v2

Metric [%]

Overall accuracy

Forest omission error
Non-forest omission error
Forest commission error

Non-forest commission error

FLUC-16
(ref. year 2018)

88
11
13
17
8

Model trained
on reference labels
and sat. imagery

v' Easy to update!

GFC2020 v2 @

(ref year. 2020)

92 o2 oo e e o
Deforestat ee Supply Chains

8

9
A I 4 ""j' @

18 x{ ',«:_:.,;" )w &t} %

\ e
4 & 7 X

Combination of
EO products



o _
® FLUC-16 == GFC2020
FLUC-16 =/= GFC2020

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

Timothée Stassin - Al for Forest Land Use Mapping - LPS25 18



05

00

0.5

0.0

05

00

CAB (N = 28)

CAM (N = 69)

EAF (N = 1115)

EAS (N = 448)

0.80

0.36
0.20 0.20
0.08
1 1 1 1
FLUC =/= GFC FLUC == GFC FLUC =/= GFC FLUC == GFC FLUC =/=GFC FLUC == GFC FLUC =/=GFC FLUC == GFC
EUR (N=1717) NAF (N = 317) NAM (N = 1076) OCE (N = 460)
0.88 0.88
0.78
0.22
0.16
012 0.12
1 1 L 1
FLUC =/= GFC FLUC == GFC FLUC =/= GFC FLUC == GFC FLUC =/= GFC FLUC == GFC FLUC =/= GFC FLUC == GFC
SAM (N = 2420) SSA (N = 318) WAF (N = 565) WAS (N = 328)
019
0.12
0.08 0.05
1 1 L 1
FLUC =/=GFC FLUC == GFC FLUC =/= GFC FLUC == GFC FLUC =/= GFC FLUC == GFC FLUC =/=GFC FLUC == GFC

Timothée Stassin - Al for Forest Land Use Mapping - LPS25
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Z// of ,‘
Segmentation

Classification l W model output
model output E oL

FRA 2020 RSS
Categorical labels

Evaluation - Prediction

_
Prediction

OWL
x Large risk of errors

¥ for mapping unit < 1 ha

Timothée Stassin - Al for Forest Land Use Mapping - LPS25

—>
Evaluation

FRA 2020 RSS
Proportional labels
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