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Environmental Context

EU Bodenrichtlinie (23. Oktober 2025)

23. Oktober 2025 - Europaische ,Richtlinie zur Bodentiberwachung und -
resilienz® verabschiedet

Ziel
« alle Boden in der Europdaischen Union bis 2050 sind in einem gesunden
Zustand, derzeit ca. 60-70% degradiert

» Eines der Kernelemente: Systematisches Monitoring des Bodens mit
Bewertung seines Zustandes

* Monitoring sogenannter ,Soil descriptors®:
* Organischer Kohlenstoffgehalt
« Lagerungsdichte
« Bodenart (als Input fiir weitere Bodenkennwerte)
« Wasserrluckhaltevermogen
« Elektrische Leitfahigkeit (Versalzung)

Source: https://www.umweltbundesamt.de/themen/europaeische-bodenrichtlinie-angenommen FOtO . U . H e I d e n




Temporal compositing for soil property mapping
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Basic idea — temporal compositing of bare solls

Temporal stack
Reflectance images

April 20.5%

May 17.5%
Spectral index

threshold

» July 13.8%
Aug 26.8%

Sept 25.8%

Temporal stack Temporal Composite
Bare soil masks Bare soil mask
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Expanding data base
Bare Soil Exposure = 47.9 %

Soil Composite Mapping Processor (SCMAP)
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SollSuite v WP P e QRN CopGriin project
2018 — 2022 ’ i

* Sentinel-2

« 2018 -2022

e <80 % cloud cover
* > 20° sun elevation
* 20 m pixel size

e 3 bands

Agricultural area (Oderbruch) g
at the border between Poland
and Germany

Detection of grassland

. A
Yearly bare soil appearance &%
i

Bare Surface Mask
used to detect
grassland (0/5)

Project CropGriin Y/
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https://offenland.community.
code-de.org/
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2018 — 2022
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2018 — 2022

AT , b T First tests for supporting the monitoring of
Sentinel-2 2 SR R g e regenerative agriculture practice
2018 — 2022 S Bhell ST 5B e
< 80 % cloud cover : : Bess
> 20° sun elevation
20 m pixel size
1 band

Bare Surface

Statistics " |
- Bare Surface i s :; 954 SoilSuite

e o ¢ Bare soils frequency
0 meaning no bare soil in 5 years

F req U e ncy [%] y v ’ i —,.. e g - ; : ! . Q 0,5 meaning 50% of bare soils in 5 years

0,5

[ Farmer's parcels

Long-time regenerative farmer
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SoillSuite i el Projects

2018 — 2022 BREEE e | | . EU CUP4SOIL
.+ EU MRV4SOC

. 2018 - 2022 / | . ESA WorldSoils — SOC

e Sentinel-2

e <80 % cloud cover
* > 20° sun elevation
e 20 m pixel size

* 10 bands

Bare Surface
Reflectance
Composite

— Mean
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10.1016/j.geoderma.2022.116128
10.3390/rs13091791




SoilProperties

Digital Soil Mappin
2018 — 2022 & PPINg

* I|nput:
o Soil sore data from LUCAS
(and other sources in WoSIS if relevant)

Covariates:
o SoilSuite prepared by DLR
o Data available from Copernicus (DEM, land cover)
o Geology/parent material (JRC)
o Simple radar products from S-1

* Model:
o Quantile random forest (robust
approach allowing pixel-based e dictive
uncertainty assessment) mz‘f)’e'
* OQutputs:

o Primary soil properties
o Uncertainty index

] ) Digital Soil
o Spatial pattern evaluation Mapping
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SoilProperties
2018 — 2022

* Clay content
* 30cm mean
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SoilProperties
2018 — 2022

* Clay content
uncertainty

* 30cm mean
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SoilProperties
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SoilProperties
2018 — 2022

* Bulk density
uncertainty
* 30cm mean
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SoilSuite
2018 — 2022

Sentinel-2
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Showcase

LEBGR
=

Landesamt fiir Bergbau,
Geologie und Rohstoffe
Brandenburg

Federal ministry of
mining, geology and
raw materials
Brandenburg
(Germany)

Soil carbon stocks

Model validation:

Depth 0 — 10 cm:
RMSE = 0.7 kg m?
Pseudo R? =0.69

Depth 0 — 100 cm:
RMSE = 3.7 kg m2
Pseudo Rz =0.53



| | | 2 soiL £
Soil Composite Mapping Processor (SCMAP) DLR I5RIC
SCMaP can be configured project-specific
Fully automated and operational processor Publication:
« Spectral and statistical information products for soils * Karlshofer et al. 2025, Geoderma, 10.1016/l.0eoderma.2025.117340.
. deployed e.g. at terrabyte — DLR's HPDA platform and OTC : 321322 “ a('et il(_’ZZ%ZTZ‘fCFE‘Srei’ggglg%/lrgﬁfé‘i‘guzdgcudQ596
- Tested for Europe, in Brazil, Westafrica, Canada, China - Rogge et al., 2018: RSE, 10.1016/j.rse.2017.11.004

Selection of optical sensors
« Landsat: 1984 — today (max. 1 valid obs./month)
« Sentinel-2: 2015 — today (2-4 valid obs./month)

Temporal settings:
* Year/s, month, seasons

Min. sun elevation
» for better spectral reliability — can filter out images with
low sun elevations (spectral images with low quality)

Soil-specific cloud screening: S ———)
- (B11-B8A)/(B11+B8A) > 0.02

* b<median(B)+ 30; 0=1.48 median(|B-median(B)|)

SOILSUITE EUROPE

Various spectral indices for selection of bare soil pixels
« E.g. Combination of the NDVI + NBR BS-B4  B8-B12

B8+B4 B8+B12



10.1016/j.geoderma.2025.117340.
https://doi.org/10.15489/qkud8cudg596
https://doi.org/10.3390/rs14184526
https://doi.org/10.1016/j.rse.2017.11.004
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Data access SOIL

ISRIC

SoilSuite SoilProperties

for Europe for Europe
CC BY 4.0 s TEN e B'E CCBY 4.0
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SoilSuite - Sentinel-2 - Europe, 5 year composite =
(201 8-2022) g 5 » Bulk density

[ Map

DOI: 10.15489/gkud8cudg596

[ STAC Collection

[ Download CSW Record ] ; _ Coarse fragments

Clay
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The SoilSuite contains a collection of different image data products that provide . i ¥ > ; nH
information about the spectral and statistical properties of European soils and other bare b X
surfaces such as rocks. It is created using DLR's Soil Composite Mapping Processor (SCMAP), - 4
which utilises the Sentinel-2 data archive. . 3 ) o e Cand

SCMaP is a specialised processing chain for detecting and analysing bare soils/surfaces on
a large (continental) scale. Bare surface and soil pixels are selected using a combined NDVI
and NBR index (PVIR2) that optimises the exclusion of photosynthetically active and non-
active vegetation. The index is calculated and applied for each individual pixel. All SoilSuite
products are calculated based on the available Sentinel-2 scenes recorded between January y ~
2018 and December 2022 in Europe. The data package excludes all scenes with a cloud ] . 3 Soil inorganic carbon
cover of > 80 % and a sun elevation of < 20 degrees. The spectral composite products are
calculated from the mean value after extensive removal of clouds, haze and snow effects at
both scene and pixel level. The spectral data products are available at a pixel size of 20 m Soil orga nic carbon
and contain 10 Sentinel-2 bands (B02, B0O3, B04, BO5, B06, BO7, B08, BO8a, B11, B12).
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Vielen Dank fur lhre Aufmerksamkeit
Contact: uta.heiden@dir.de

Framework Partnership Agreement
for Copernicus User Uptake
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