
ESA UNCLASSIFIED - For ESA Official Use Only 1

Artificial Intelligence for Reliable Land Use 
Statistics: Opportunities and Challenges from 
Switzerland

Gillian Milani, Michèle Gillard, Romain Douard
Federal Office of Statistics, Switzerland



• Land cover with 27 classes 

• Land use with 46 classes

• Based on 4 millions sample points equally spaced
on a regular 100m grid

• Visual Interpretation of aerial images by experts

Land use statistics 
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Land use statistics:
a valuable time series
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1981 1993 2004 2013 2020

• Information on the state and evolution of land use and land cover
• Long-term statistical series since 1979, based on the interpretation of aerial photographs



Monitoring the changes
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Rate of changes 

Considering 4 main categories
~0.2% per year

Considering 46 LU categories and 
27 LC categories 

0.5-1% per year

 Often, decision-making is based on the changes, not the absolute values
Monitoring changes can only be achieved through highly accurate and reliable data
 A-priori change fractions should help designing surveys and automated products
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opening of the valves:
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Data to feed the model
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More data to feed the model ?
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Orthoimages RGB 
Orthoimages NIR
height and terrain

Satellite data (Landsat) 



By-product of the automatisation
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Towards a fully automatic produced land cover / land use high resolution layer ?

High resolution land cover layer 
produced using:
1. segmentation of aerial 

photographs
2. classification of segments
3. correction of specific artefacts 

using complementary data

Useful to extract statistical estimates on small areas



Land cover statistics on small area regions

9Gillian Milani, Michèle Gillard, Romain Douard, FSO | StatEO 26 | 6th May 2026

The idea is to combine the strengths of two information sources with different characteristics: 
one exhaustive and the other accurate.

Land use statistics survey 
4 millions point data

EO 25cm products
full cover 40km2

Adjusted area estimates
per municipality



Land cover statistics on small area regions
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A first step is to use reference data as calibration for pixel counting.
A next step is to use reference data as calibration for pixel likelihood.

Raw map area adjusted areas + 
confidence intervals

From calibration with 
reference data

-X

+Y

-X +Y

Substract 
commission 

Add 
omission
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Take Home messages

1. Changes in land cover and land use are crucial. The actual rate of change should inform the pre-analysis 
calculations and determine the level of precision required for mapping products.

2. In our case, high-resolution aerial images bring the most to the classifier. Satellite time series have been 
removed from the classification system due to efficiency.

3. In general, the focus should not be on fully automated products. Instead, the synergies between 
automatization and manual labelling should be integrated from the design of new system and at every 
following stages. While not a priority, fully automated products can be generated as a quick win using (future) 
productive systems.

Artificial Intelligence for Reliable Land Use Statistics: Opportunities and Challenges from Switzerland
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Take Home messages

1. What are the next steps for the development ?
2. What is the total cost of the solution ?
3. Why did you use Landsat and not sentinel 2 for ADELE 1 ?
4. What is the main source of information of the interpreters ? how do they prioritize data sources in case of temporal inconsistencies ?
5. Has a unified model consisting of a single module been considered ?
6. Would it not be possible to achieve significant synergy through the partial automation of several administrative products ?
7. Would it be possible to carry out the automation using only satellite imagery? How much did the satellite images used for ADELE 1 cost ?
8. What are the best ways to improve the accuracy of the model ?
9. Are data from registers (buildings, population, etc.) used ?
10. How does the tool handle the protection of personal data ?
11. Have you considered using the ‘area adjustment’ (Olofsson 2013) for change estimates ?
12. Why not using Lidar Data for the automatization ?
13. What measures have you taken to ensure that the introduction of bias is monitored in the long term ?
14. Have you tried building specialized models for hard classes ?

Inspiration for questions
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Municipalities as small area regions
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Many of the swiss municipalities cover areas smaller than 1’000 hectares. 
How can we garantuee robust statistics for small areas ?
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Goal of the automatisation:
Keeping the same pace of 9-year survey, while maintaining the 
quality of the time series, but with lower resources

Points with 
automatisation

interpreted not interpreted

Points without 
automatisation

interpreted not interpreted

Controls with 
automatisation

controlled not controlled

Controls without 
automatization

controlled not controlled

Bringing automatisation in the process
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Today : an assistance for interpreters
Integration of automatisation into the survey process: 
A balance between quality and efficiency

Change 
detected ?

Automated 
classification

Classification by 
experts

Maximising the 
automation

Maximising the 
quality

trade-off

goal: less than 2% of 
missed changes



How to choose among the data ?
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Orthoimages 
RGB

Orthoimages 
NIR Ancillary Satellite Score F1

X 0.71

X 0.70

X X 0.72

X 0.61

X 0.29

X X 0.60

X X X 0.73

X X 0.73

Orthoimages RGB + NIR: huge volume of data
Orthoimages RGB + Ancillary: best combination for the production

 Accurate results are important. Keeping data management simple is also a factor for success!



Automatisation as statistical 
modelling
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Ground truth : sample of 880’000 
labelled coordinates over 3 surveys 
(among > 9mio available)

CNN  LU CNN  LC

Ancillary 
data

RF  LU RF  LCRF  CHANGE

Prediction of 
changes

Prediction LU Prediction LC



Examples of analysis
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2020

2023

Detection of new impervious areas
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