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Soil Type Mapping

WRB soil classification system (Int. Union of Soil Science)

https://isric.org/explore/wrb/


Example WRB soil type

Fluvic Calcaric Gleysols



Understanding soil types is 

extremely useful. Soil types 

integrate:

- Morphological characteristics,

- Physical and chemical 

properties,

- Soil-forming factors and 

processes,

- Land use limitations and best 

practices,



Harmonization of Soil Types Samples

Just arrived: 85k new points from UK!



Harmonization of Soil Types Samples

● Reprojection of coordinates into the common 

European reference system (EPSG:3035)

● Alignment (translation) of soil class 

information to the IUSS WRB classification

● Normalization of attribute structure and 

metadata fields.

● Some duplicate records (with different WRB 
classification) were intentionally retained in 
the dataset

● Pseudo-training samples generated for 

sparse regions (notably parts of Spain, 

France, Poland, the Balkans, and 

Scandinavia)

● Overrepresented countries were 

downsampled to prevent class and spatial 

imbalance (e.g. NL with >200k points)

● In total ~20k training samples



AlphaEarth Embeddings

Image Source: Medium Post by Google Earth

Optical Imagery: Time-series streams from 

Sentinel-2 and Landsat 8/9.

Radar (SAR): Sentinel-1 and ALOS PALSAR-

2, used to penetrate cloud cover and track 

surface texture.

LiDAR: Canopy height and structural 

vegetation data from GEDI.

Environmental & Climate Data: ERA5-Land 

climate reanalysis, GLO-30 digital elevation 

model, and GRACE gravity fields.

Semantic Signals: Unstructured text, including 

geocoded Wikipedia articles and GBIF species 

observations.

https://medium.com/google-earth/ai-powered-pixels-introducing-googles-satellite-embedding-dataset-31744c1f4650


Environmental Covariates



Landsat cloud-free aggregates

https://doi.org/10.7717/peerj.18585

https://doi.org/10.7717/peerj.18585


Other Covariates

Lithology based on EGDI / OneGeology 

map 10.5281/zenodo.12607973

GEDTM by Ho et al. (2025) -

10.7717/peerj.19673

Europe Peatland Map 2025

CHELSA (1km) monthly + longterm

Long term soil moisture (1km) 

10.5281/zenodo.14833053

https://doi.org/10.5281/zenodo.12607973
https://doi.org/10.7717/peerj.19673
https://www.greifswaldmoor.de/files/dokumente/GMC%20Schriften/European%20Peatland%20Map/2025-03_Tegetmeyer%20et%20al_EPM2025_12.pdf
https://doi.org/10.5281/zenodo.14833053


Experimental Setup

Explainable Boosting Machines (EBMs)



Results

Conclusion: for 

mapping spatial 

distribution of soil types, 

environmental 

covariates (climate, 

terrain etc) are the most 

important.



Results



Results

https://arxiv.org/html/2603.16911v1

Benavides-Martínez et al., 2026

https://arxiv.org/html/2603.16911v1


Soil Types Map — dominant class (188)



Soil Types Map — probabilities



Comparisons
Google Earth View Cambisols

Chernozems Fluvisols



Comparisons
Google Earth View Cambisols

Chernozems Fluvisols

Comparison with ESDB v2



EcoDataCube.eu



https://EcoDataCube.eu

https://ecodatacube.eu


Conclusions & Future Work

• Environmental covariates performed best. For soil type-mapping, AlphaEarth embeddings alone were 

weaker.

• Adding embeddings did not improve accuracy. They mainly duplicated broad environmental signals.

• Current embeddings should complement, not replace, interpretable covariates for certain tasks

• Alternative foundation-model representations and their combinations (see van der Plas et al. Better 

Together: Evaluating the Complementarity of Earth Embedding Models)

• Task-specific adaptation.

• Class- and region-specific analysis.

• Additional baseline comparisons needed in other applications and with other state-of-art models.



Conclusions & Future Work

UK has recently open soil database! (thanks to Cranfield University)

1) UK soil samples are the highest quality WRB training points for EU

2) New version of Pan-EU Soil Types map will be available soon!

Just arrived: 85k new points from UK!



Upcoming event

Find more information about it on 
https://opengeohub.org/2026/01/29/earth-observation-summer-school-2026/

Register directly via
https://pretix.eu/opengeohubfoundation/EOSummerSchool2026/

https://opengeohub.org/2026/01/29/earth-observation-summer-school-2026/
https://opengeohub.org/2026/01/29/earth-observation-summer-school-2026/
https://opengeohub.org/2026/01/29/earth-observation-summer-school-2026/
https://opengeohub.org/2026/01/29/earth-observation-summer-school-2026/
https://opengeohub.org/2026/01/29/earth-observation-summer-school-2026/
https://opengeohub.org/2026/01/29/earth-observation-summer-school-2026/
https://opengeohub.org/2026/01/29/earth-observation-summer-school-2026/
https://opengeohub.org/2026/01/29/earth-observation-summer-school-2026/
https://opengeohub.org/2026/01/29/earth-observation-summer-school-2026/
https://pretix.eu/opengeohubfoundation/EOSummerSchool2026/


Positive outcomes

This work was supported by the European Union’s Horizon Europe Research and 

Innovation Programme through: 

● AI4SoilHealth (No. 101086179)

● Open-Earth-Monitor Cyberinfrastructure (No. 101059548)

Thank you!



Split



Entropy
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