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Soil mapping and monitoring from space: Hot topic

• Soil degradation is a serious concern in Europe and 
worldwide 

– Implications for food security and climate change

– Soil Carbon is one of GEOSS Essential Climate Variables (ECVs)

• Carbon cycle: Soil is largest terrestrial carbon storage

• SDG 15.3.1: SOC most relevant soil property regarding 
climate regulations → monitoring status should be 
improved

• EU soil monitoring law: EU on the pathway to healthy soils 
by 2050    → Carbon farming

• EnMAP allows to quantify soil carbon content and other soil 
properties in the topsoils

– Calibrated data, high spectral resolution, and high SNR incl. in 
the SWIR is critical for most soil applications Copernicus web page

EnMAP example

Courtesy K. Ward

Data: EnMAP L2A 
Demmin, Germany, 
22.09.2024

Map of the soil 
organic carbon 
content (g/kg) based 
on predominantly 
bare soil pixels
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Imaging spectroscopy or hyperspectral remote sensing:
Soil spectroscopy from space

• Advanced optical remote sensing sensors that allow to acquire >100 narrow contiguous 
spectral channels 

• Hyperspectral (spectroscopy) vs. multispectral (Landsat/S-2, <~10-15 spectral bands)

– Potential to identify constituents in Earth surface and provide quantitative information on key 
biophysical and geochemical parameters

– Direct detection of soil constituents, spectral modeling of soil parameters

– Direct detection of soil moisture, residues cover (NPV), vegetation cover (PV)

Added value Imaging Spectroscopy: Dry chemistry from space
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EnMAP: A sensor for monitoring Earth’s environment
Sensor parameters and science objectives

www.enmap.org

1000 km per Orbit

5000 km a Day

EnMAP science plan: EnMAP main application fields

Guanter et al. (2016)

91 133

Launch 
1. April 2022 

Space X 
Florida

8.2 ± 2.5 nm 9.3 ± 2.1 nm

C.05.05 The German EnMAP

Mission: 3 Years of hyperspectral 

data – From Science to 

Environmental Applications, Hall 

N1/N2, Wed. 04:15-05:45 PM
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©DLR

2025

2024

2022+2023

>170,000 archived EnMAP tiles of 30 x 30 km
EnMAP data archives open & free access

~5,000 registered users
>120 countries

Target mission based on user requests, completed with background and foreground missionWell-calibrated data with high data quality, performances well beyond mission requirementsStrong demand for EnMAP data. In areas of high demand, user requests exceed mission capacitiesLarge user community and extensive science program

• Target mission based on 
user requests, completed 
with background and 
foreground mission

• Well-calibrated data with 
high data quality, 
performances well 
beyond mission 
requirements

• Strong demand for EnMAP 
data. In areas of high 
demand, user requests 
exceed mission capacities

• Large user community 
and extensive science 
program

EnMAP three years in orbit

Courtesy E. Carmona



Monitoring of soil properties: EnMAP science program
Toward global soil mapping and monitoring
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• Main research objectives

– Demonstration of the potential of spaceborne hyperspectral imagery for the delivery of 
improved soil products

– Retrieval of soil properties: Develop processing chains and algorithms for the scientific 
exploitation of EnMAP data  → Toward L3 soil products at global scale

• Challenges and gaps: Advances in soil properties mapping

– Account for the disturbing factors (partial vegetation cover, 

       soil moisture, ..)

– Use of global soil databases for large-scale soil mapping

– Spectral modeling & derived uncertainties

– Contribute to the development of harmonized Soil Spectral 

       Libraries for calibration/validation, standards & protocols

     → Preparation/demonstration for upcoming spaceborne imaging spectroscopy  

missions (CHIME/SBG)



Modeling of disturbing factors
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• Development of 
simulated EO soil spectral 
library including mixed 
soil-water-vegetation 
scenarios

• Focus on low level of SM, 
PV and NPV

• Impact of the disturbing 
factors on the soil 
modeling accuracy

• Preliminary results: 
Improvement of SOC 
modeling considering 
disturbed spectra in the 
model calibration

Abdelbaki et al., Rem. Sens. 2025



Large-scale soil mapping from spaceborne IS data
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German state-wide soil 

mapping with two years 

EnMAP hyperspectral data

Courtesy R. Milewski

Bulk download of >230 EnMAP

scenes via EOC Geoservice

125 images CC <20% 

Development of an operational workflow



Hyperspectral temporal composites

9

4 multitemporal 

PRISMA scenes 

combined for more 

bare soil areas

Ward et al., Geoderma 2024

Milewski et al., MRV4SOC D2.5 2025

… as input to SOC stock modeling
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Clay 

content 

[%]

Higher 

spatial 

coverage 

of bare 

soil pixels

kathrin.ward@gfz.de

Application of model B 

(with aggregation) to 

bare soil composite

Multi-mission multitemporal hyperspectral time-serie
Study area Camarena, agricultural crops, Spain

Ward et al., 2025

“Blind” data fusion 

EnMAP-PRISMA



Creazy ideas for future soil applications
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Soil property maps, Seabee Hook, Cape Hallett (Antarctica) 

• Strong geochemical and spectral difference in ornithogenic
soils

• Spatial distribution of important soil properties (TOC, TN, P) 
in ice-free areas

• Characterize and monitor hotspots of biological diversity

Schmid et al., IGARSS 2024

Phosphorous content indicator of 
penguins nesting

EnMAP 03/2023
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CHIME precursors:
EnMAP online algorithms and education tools

EnMAP PI project: Scientific 

preparation and support of the 

EnMAP satellite mission (50EE2401) 

Foerster et. al., JAG 2024Jakimow et. al., SoftwareX, 2023

Free and open-source 
toolbox for visualization, 
processing & analysis of 
hyperspectral data

Online learning initiative on 

principles, methods and applications 

of hyperspectral remote sensing
❖ Newest applications:

 Spectral Imaging Deep Learning Mapper 
(SpecDeepMap)

 Tile raster inputs into a given tiling scheme

 Class-fraction / probability rendering

❖ New / updated tutorials, e.g.: unmixing of 
urban land cover, mapping of forest AGB, Spectral 
Libraries, HPC Environments (SLURM)

❖ Next release: EnMAP-Box 3.17 in Oct25 
with QGIS 4.0



Open online toolbox for hyperspectral data processing:
From EnMAP L2A to soil concentration maps
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EnMAP Soil Mapper EnSoMAP 2.0 - Operational soil toolboxes for end-to-end processing chain for non-expert users

EnMAP Soil Mapper EnSoMAP 2.0 -

Operational soil toolboxes for end-to-end 

processing chain for non-expert users
www.enmap.org/enmapbox.html

Example

Camarena, Spain, 

EnMAP 03.08.2022

Based on spectral feature analyses methods

EnMAP PI project: Scientific 

preparation and support of the 

EnMAP satellite mission (50EE2401) 
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Capacity building: EnMAP education tools
New mini-MOOC on soil

❖ Texts, (interactive) graphics, quizzes
❖ Field video and screencasts
❖ Reference to other MOOCs
❖ Two hands-on tutorials

❖ Final assignment (certificate)
❖ Lots of resources
❖ Offline course document (PDF)

https://eo-college.org/courses/beyond-the-visible-imaging-spectroscopy-for-soil-applications/

EnMAP PI project: Scientific 

preparation and support of the 

EnMAP satellite mission (50EE2401) 

https://eo-college.org/courses/beyond-the-visible-imaging-spectroscopy-for-soil-applications/


Outlook: In preparation of CHIME
Toward global-scale soil mapping and monitoring

• EnMAP contribution

– Large potential & Demonstration soil mapping and monitoring approaches

– Collaboration with many partners: Academia, authorities, …

– Soil organic carbon key parameter, SOC/clay ratio mentioned in the new soil law

• Assessment

• Change detection (needs long time-series)

– Potential and challenges: Current focus

• Research

– Use of global soil databases (LUCAS), modelisation disturbing factors

– Spectral modeling and ML/AI for improved soil modeling

– Demonstration first large-scale hyperspectral soil mapping

– Demonstration first multitemporal multi-mission hyperspectral soil mapping

• Large scale mapping: Operational algorithms and workflows needed

• Frontiers future applications (SOC stocks, novel science topic applications)

– Capacity building: Education/training needed to attract non-expert users to use this technology

Thank you for your attention!
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Contact: chabri@gfz.de / chabrillat@ifbk.uni-hannover.de

Thank you for your attention !
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