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Observed (bio-)physical cover on the Earth surface.

Documents all types of objects/surfaces, whether it may not remain stable over time.
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Core information layers for a large variety of interdisciplinary scientific and environmental studies.

Accurate and up-to-date maps over large areas are mandatory baseline datasets.
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Remote sensing has proved to be the only suitable solution.

Operational methods routinely process satellite imagery today.

EuroSDR workshop on VGI & LULC 1/9



What is land-cover & land-use (LCLU) ?

Land-Use
&

Land-Cover

What ?

Biophysical
cover

Human
interaction

Why ? State
and trend
monitoring

Mandatory
information

layers

How ?

Manual
Assisted

Fully
Automatic

Issues ?

Quality
VS

Production
Effort

Genericity

The number, types, and definitions of classes (nomenclature) vary with the application and the geographical scale.

Main complexity: trade-off computing/human resources ↔ quality.

EuroSDR workshop on VGI & LULC 1/9



Specificities



Multiple representations are now available

I Complementary information at multiple scales:

Numerous (authoritative) producers;

Hierarchical nomenclatures and thematical by-products;

Change detection over large time spans is now possible.

Globcover Corine Land Cover OSO (ι2) French LC French LU
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Multiple representations are now available

I Complementary information at multiple scales:

Numerous (authoritative) producers;

Hierarchical nomenclatures and thematical by-products;

Change detection over large time spans is now possible.

U.S. NLCD Impervious surfaces Tree Canopy Change map

Yang et al. (2018). A new generation of the United States National Land Cover Database: Requirements, research priorities, design, and
implementation strategies. ISPRS Journal of Photogrammetry and Remote Sensing 146.
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Multiple representations are now available

I Complementary information at multiple scales:

Numerous (authoritative) producers;

Hierarchical nomenclatures and thematical by-products;

Change detection over large time spans is now possible.

CCI 1992 1999 2003 2009 2015

Li et al. (2018). Gross and net land cover changes in the main plant functional types derived from the annual ESA CCI land cover maps
(1992–2015). Earth Syst. Sci. Data 10.
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Multiple representations are now available

I Complementary information at multiple scales:

Numerous (authoritative) producers;

Hierarchical nomenclatures and thematical by-products;

Change detection over large time spans is now possible.

I Representations:

Interleaved spatial ↔ semantic accuracies.

Various possible formats: raster/vector – discrete categories/class occurrences.
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Managing multiple years or products

I Object-based/hardbone strategy: defining a permanent stable partition

SIOSE (IGN-Spain) "Skeleton" (IGN-France)

Hardbone → Softbone (CLC+)
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Managing multiple years or products

I Object-based/hardbone strategy: defining a permanent stable partition

SIOSE (IGN-Spain) "Skeleton" (IGN-France)

Consistent strategy across scales and/or countries;

Smoother LU ↔ LC transformation;

Suitable for change detection;

Easy derivation of (harmonized) by-products.
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Land-cover mapping using remote sensing imagery (1/2)

I Supervised classification of geospatial images: a change of paradigm

1 (low resolution) sensor = 1 map (1 km-100 m).

Mono-sensor → multi-sensor/temporal imagery.

More complex classifiers and post-processing
strategies.

Citizen science !
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Land-cover mapping using remote sensing imagery (2/2)

First initiatives (90’s) → current situation.

Wulder et al. (2018). Land cover 2.0. International Journal of Remote Sensing 39(12).
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Land-cover mapping using remote sensing imagery (2/2)

® Supervised ­ classification of ¬ geospatial images.

Wulder et al. (2018). Land cover 2.0. International Journal of Remote Sensing 39(12).
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Challenges



Operational land-cover/land-use mapping

I Ideal world:

Producer: automation + scalability + few parameters.

End-user: high spatial/semantic accuracies + frequent updating + multi-purposes.

Everybody: harmonization / interoperability + qualified outputs.

Challenges: data fusion, semi-supervised learning, reproducibility.

Mallet and Le Bris (2020). Current challenges in operational very high resolution land-cover mapping. ISPRS Archives XLIII-B2.
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Operational land-cover/land-use mapping

I Ideal world:

Producer: automation + scalability + few parameters.

End-user: high spatial/semantic accuracies + frequent updating + multi-purposes.

Everybody: harmonization / interoperability + qualified outputs.

Challenges: learning from imbalanced and rare classes, multi-task learning.

Mallet and Le Bris (2020). Current challenges in operational very high resolution land-cover mapping. ISPRS Archives XLIII-B2.
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Operational land-cover/land-use mapping

I Ideal world:

Producer: automation + scalability + few parameters.

End-user: high spatial/semantic accuracies + frequent updating + multi-purposes.

Everybody: harmonization / interoperability + qualified outputs.

Challenges: map fusion, unbiased and comprehensive evaluation.

Mallet and Le Bris (2020). Current challenges in operational very high resolution land-cover mapping. ISPRS Archives XLIII-B2.
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Moving towards genuine land-cover maps

I Classification outputs are not products nor geodatabases.

Can we learn map specifications ? Acceptable accuracies (Minimal Mapping Unit. . . ) ?

Raw per-pixel classification of Sentinel images.

Inglada et al. (2017). Operational High Resolution Land Cover Map Production at the Country Scale Using Satellite Image Time Series. Remote
Sensing 9(1).
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Moving towards genuine land-cover maps

I Classification outputs are not products nor geodatabases.

Can we learn map specifications ? Acceptable accuracies (Minimal Mapping Unit. . . ) ?

Noise removal with spatial consistency integration.

Inglada et al. (2017). Operational High Resolution Land Cover Map Production at the Country Scale Using Satellite Image Time Series. Remote
Sensing 9(1).
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Moving towards genuine land-cover maps

I Classification outputs are not products nor geodatabases.

Can we learn map specifications ? Acceptable accuracies (Minimal Mapping Unit. . . ) ?

Derivation of vector data.

Inglada et al. (2017). Operational High Resolution Land Cover Map Production at the Country Scale Using Satellite Image Time Series. Remote
Sensing 9(1).
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How to get closer to map interoperability ?

I Consistent and comparable maps. Harmonization of :

Reference and validation data collection;

Class definition;

Enrichment and validation protocols.

Land-Cover Classification System (LCCS)

Eagle matrix Paysages application (LandSense project)
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Improving map qualification

I Comprehensive validation is mandatory. Today:

Over limited areas;

For dominant classes;

Spatially biased.

Land Cover CCI - Product User Guide (2017).
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https://www.esa-landcover-cci.org/?q=node/184


Thank you for your attention !

clement.mallet@ign.fr
https://maestriaproject.github.io/
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