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Requirements for SOC monitoring
• National or regional inventories

• Digital soil mapping based on soil monitoring networks or data from routine 
soil analysis

• Demand for increased spatio-temporal resolution
• Policies are increasingly based on results rather than actions e.g. CAP 2023-

2027: Conditionality, Ecoschemes and Agro environmental climate measures

• Carbon farming in the framework of the European Green Deal
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< 2% SOC: degraded soils with 
Aggregate stability

https://geoportail.wallonie.be/home.html
http://etat.environnement.wallonie.be/home.html

MAEC sol from 21024 based on SOC/clay ratio

https://geoportail.wallonie.be/home.html
http://etat.environnement.wallonie.be/home.html


Zoom Wallonia land parcel information system (2019) with sample points (2018-2021) 
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SOC monitoring in croplands from Earth observation

SOC contents of bare topsoils in croplands

https://www.world-soils.com/



Some commercial applications of 
visNIR spectroscopy

https://www.agrocares.com

Remote sensing based on spectroscopy





• Air dried and sieved
sample

Laboratory

• Area (30 x 7km)

• One off campaign

Hyperspectral airborne

• Global scale

• Overflight every 5 
days

Satellite multispectral

Challenges of spectroscopy at different scales
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Signal of a dry soil?



SOC monitoring from Earth Observation

Algorithms that allow SOC predictions 
- over large areas

- at low costs (i.e. no recurrent field work) 

Sentinel-2 mission

Exposed soil composites

What do we need?

How to achieve this?



How do we eliminate/correct Sentinel-2 reflectance spectra that are 
affected by crop residues, soil moisture and crusts?

Solved since the 70ies (NDVI)



NBR2 to remove crop residues and soil moisture

NBR2 =
𝐵11−𝐵12

𝐵11+𝐵12

NBR2 < 0.05 is effective to mask soil moisture and crop residues

S-2 B11 S-2 B12



• 3 S2 tiles covering croplands
• Belgian loam belt

• Dutch polders

• 124 geolocated calibration 
samples (in blue)

• PLSR model

Example of SOC mapping from 
Sentinel 2 composites

T31UFR

T31UFU

T31UFS



Partial Least Square Regression model & Uncertainty



Effect of the number of scenes used for the composites for each pixel on prediction uncertainty

SOC maps for North Holland and Wieringermeer



Effects of conservation agriculture on mean SOC content per field

Bootstrapping: differences between fields Paired fields : differences within a region

Uncertainty: 5 g kg-1
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Sensitive, limited under the GA conditions
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Sensitive, limited under the GA conditions

Implementation
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Future steps

• Validation of SOC prediction in three test areas

• Stabilization of the Worldsoils SOC tool

• Testing the performance of GHG models fed by Remote 

sensing products on flux tower sites and long term trials

• Upscaling from the site to the landscape using variables 

from remote sensing (e.g. SOC content) 
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