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Clouds / Cloudshadow / … 

Detecting bare soil

Disturbances:

Green and dry vegetation, 

stubbles, moisture, structure

Sentinel-2: 20/03/2019, North-East of Munich, Germany

SoilSuite for Europe

EO for soils
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Expanding data base
Bare Soil Exposure = 47.9 %

April 20.5%

May 17.5%

July 13.8%

Aug 26.8%

Sept 25.8%

Single date

images

Single date

bare soil masks
Temporal Composite

bare soil mask
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SoilSuite for Europe

Basic Idea



SoilSuite for Europe

Soil Composite Mapping Processor (SCMAP)
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Deployed at 

terrabyte –

DLR‘s HPDA 

platform

Karlshöfer et al. 

(submitted)

Heiden et al., 2025: 

Tech report. 

https://doi.org/10.15489/

qkud8cudg596

Heiden, U. et al.,2022: 

https://doi.org/10.3390/r

s14184526

Rogge et al., 2018: 

https://doi.org/10.1016/j.

rse.2017.11.004

https://doi.org/10.15489/qkud8cudg596
https://doi.org/10.3390/rs14184526
https://doi.org/10.1016/j.rse.2017.11.004


SoilSuite

2018 – 2022 

• Sentinel-2
• 2018 – 2022
• < 80 % cloud cover
• > 20° sun elevation
• 20 m pixel size
• 3 bands

Bare Surface Mask

Bare surface
occurrence

Permanent
vegetation

Other
surfaces

DOI: 10.15489/qkud8cudg596

https://doi.org/10.15489/qkud8cudg596


SoilSuite

2018 – 2022 

• Sentinel-2
• 2018 – 2022
• < 80 % cloud cover
• > 20° sun elevation
• 20 m pixel size
• 10 bands

Bare Surface 
Reflectance
Composite

– Mean

DOI: 10.15489/qkud8cudg596

https://doi.org/10.15489/qkud8cudg596
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SoilSuite

Reflectance (Mean) RGB B04/B03/B02
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SoilSuite

Reflectance (Stdev) RGB B04/B03/B02
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SoilSuite

Bare soil reflectance (Mean) RGB B12/B11/B04
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Bare soil frequency
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SoilSuite for Europe

Spectral and statistical information of bare soils 
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DOI: 10.15489/qkud8cudg596



SOIL PROPERTY MAPPING

16



Soil property mapping

List of soil properties



Soil property mapping – preliminary results for Northern Netherland

pH value and uncertainty

4,5

7,7

UncertaintypH value

0,2

0,9



Soil property mapping – preliminary results for Northern Netherland

Total nitrogen and uncertainty

1,9

9,1

0,1

14,9

UncertaintyTotal nitrogen
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Case # Partner Scale Title
1 Landesamt für Natur, 

Umwelt und 
Verbraucherschutz NRW

Germany Use of SCMaP MASK product to monitor grassland activity 
(CropGRÜN project)

2 Landesamt für Bergbau, 
Geologie und Rohstoffe 
Brandenburg (LBGR)

Federal State
Brandenburg
in Germany

Using SRC for soil carbon stocks mapping of agricultural 
fields in Brandenburg

3 Bayerische 
Landesanstalt für 
Landwirtschaft (LFL)

Test various SCMaP products for soil erosion monitoring

4 SoilCapital France,
Belgium

Test bare soil frequency (BSF) for agricultural monitoring,
particularly in the context of regenerative agriculture

5 MRV4SOC project Test sites 
across Europe

Using SRC-MEAN and SRC-STDEV for soil parameter 
mapping (texture, SOC, pH, …) and BSF for modelling 
carbon

Projects and Showcases / Feedback

List of showcases so far



Used data:
Soil reflectance composite
digital elevation model and derived morphometric variables
geological maps
soil maps
land use maps
crop (rotation) maps

Validation (out-of-bag):
RMSE: 0.7 kg m-2, Pseudo-R²: 0.69 (0-10 cm)
RMSE: 3.0 kg m-2, Pseudo-R²: 0.53 (0-100 cm)

Feedback:
• SRC ranked among the most relevant covariates
• LBGR will include SRC in set of predictors for carbon stock 

map of Brandenburg
• Data format transformation + resampling guidelines would 

be beneficial

Projects and Showcases / Feedback

Showcase – LBGR Cottbus, Germany



Projects and Showcases / Feedback

Showcase – SoilCapital, BE|NL|FR



• „Offenbodendienst“ available for

local/regional authorities

• Informs about tillage / no-tillage per year

• Statistics derived (5-year rule)

• Validation (example NRW using

open.Geodata portal ): 

Input:

SoilSuite product „MASK“ calculated per 

year (2019 – 2022)

Projects and Showcases / Feedback

Showcase – CopGrün project

https://offenland.community.code-de.org/?id=8


• Preoperational 
system for the 
monitoring of soil 
organic carbon in top 
soils

• 50 m (regional)
• 100 m (global)

Projects and Showcases / Feedback

Showcase – ESA WorldSoils I and II



WorldSoils (ESA) CUP4SOIL (EU - FPCUP)

Leitung GMV DLR

Ziel Entwicklung eines pre-operationellen 
Systems zum Monitoring von 
organischen Kohlenstoff im Oberboden 
(SOC)

Vorbereitung von EO-basierten 
Bodenprodukten im Rahmen des Copernicus 
Land Monitoring Service (CLMS)

Projektdauer 09/2020 – 03/2024 01/2023 – 12/2024

Bodenparameter Organischer Kohlenstoffgehalt im 
Oberboden

Organischer Kohlenstoffgehalt im 
Oberboden, pH-Wert, Kationen-
Austauschkapazität, Textur, 
Lagerungsdichte, … 

Modellierung Spektrale Bodenmodellierung (für 
unbedeckte Böden)
Digitale Bodenmodellierung (für 
vegetationsbestandene Böden)

Digitale Bodenmodellierung (für alle Böden)

Räumliche 
(Pixel)Auflösung

50 m (Europa)
100 m (Global)

20 m (Europa)

Inputdaten Sentinel-2,
Sen2Cor  (ESA)

Sentinel-2,
MAJA (DLR)

Prozessierungs-
plattform

Open Telekom Cloud • LRZ – HPDA Plattform terrabyte
• ISRIC intern

ML4Earth - TP Boden (DLR)

TU München

Vorbereitung von EO-basierten 
Bodenprodukten im Rahmen des 
Copernicus Land Monitoring Service 
(CLMS)

07/2022 – 06/2025

Organischer Kohlenstoffgehalt im 
Oberboden, evtl. mehr, wenn Daten da 
sind … 

Digitale/Spektrale Bodenmodellierung
(Fokus Methodik)

30 m (Bayern)

DESIS,
PACO (DLR)

• LRZ – HPDA Plattform terrabyte

Projects and Showcases / Feedback

Variability of the SoilSuite based project outputs



FURTHER PLANNED TASKS
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ESA-
WorldSoils

100m 
(50m)

All 
soils

Integration of bare soil modelling with spectral 
signature and DSM for permanently vegetated soils

DLR compositing products 

JRC-LUCAS 100m All 
soils

DSM

Holisoils 100m Forest 
soils

DSM EEA seasonality covariates

EJP SOIL 100m All 
soils

DSM (combination/comparison of continental 
models vs stitching of national models)

CUP4SOIL 20m All 
soils

DSM DLR compositing products + 
Standard deviation
EEA seasonality covariates

SoilGrids -
ISRIC

250m All 
soils

DSM Global model

FAO-GSP 
GloSIS

1000m All 
soils

DSM (combination of SoilGrids and national 
models)

Further planned tasks

Comparison of SoilSuite products



• Products:
• Yearly statistical products (bare soil frequency)
• Bare soil dates
• Tillage events
• Input products for soil erosion modeliing and mapping

• Publication:
• Product comparison – output of different projects
• Data publication

• CUP4SOIL final workshop:
• In September 2025
• Virtual workshop for 1 day or 2 half days
• Topics:

• CUP4SOIL achievements (User requirements, data products, documentation, …)
• Showcases
• Data accessibility
• Discussion

Further planned tasks

New products etc.



Vielen Dank für Ihre Aufmerksamkeit!
Kontakt: uta.heiden@dlr.de





SoilSuite

2018 – 2022 

• Sentinel-2
• 2018 – 2022
• < 80 % cloud cover
• > 20° sun elevation
• 20 m pixel size
• 10 bands

Bare Surface 
Reflectance
Composite

– Standard deviation

DOI: 10.15489/qkud8cudg596

https://doi.org/10.15489/qkud8cudg596


SoilSuite

2018 – 2022 

• Sentinel-2
• 2018 – 2022
• < 80 % cloud cover
• > 20° sun elevation
• 20 m pixel size
• 10 bands

Bare Surface 
Reflectance
Composite

– Confidence 95%

DOI: 10.15489/qkud8cudg596

https://doi.org/10.15489/qkud8cudg596


SoilSuite

2018 – 2022 

• Sentinel-2
• 2018 – 2022
• < 80 % cloud cover
• > 20° sun elevation
• 20 m pixel size
• 1 band

Bare Surface
Statistics
- Valid observations

(number of scenes)

1

300

DOI: 10.15489/qkud8cudg596

https://doi.org/10.15489/qkud8cudg596


SoilSuite

2018 – 2022 

• Sentinel-2
• 2018 – 2022
• < 80 % cloud cover
• > 20° sun elevation
• 20 m pixel size
• 1 band

Bare Surface
Statistics
- Bare Soil Frequency

[%]

0.0

0.4

DOI: 10.15489/qkud8cudg596

https://doi.org/10.15489/qkud8cudg596


SoilSuite

2018 – 2022 

• Sentinel-2
• 2018 – 2022
• < 80 % cloud cover
• > 20° sun elevation
• 20 m pixel size
• 10 bands

Reflectance
Composite
– Mean

DOI: 10.15489/qkud8cudg596

https://doi.org/10.15489/qkud8cudg596


SoilSuite

2018 – 2022 

• Sentinel-2
• 2018 – 2022
• < 80 % cloud cover
• > 20° sun elevation
• 20 m pixel size
• 10 bands

Reflectance
Composite
– Standard Deviation

DOI: 10.15489/qkud8cudg596

https://doi.org/10.15489/qkud8cudg596

