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Soil is cross cutting within many policy initiatives

Carbon Removal 

Certification
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Proposal for a Directive on Soil Monitoring and Resilience
(Soil Monitoring Law, 5 July 2023)

Proposal for the first-ever EU legislation on soils provides a harmonised definition of soil health, puts in 

place a comprehensive and coherent monitoring framework and fosters sustainable soil management 

and remediation of contaminated sites.

Soil Organic Carbon 

concentration is among 

the 11 descriptors 
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The EU Soil Observatory (EUSO)
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What is the current situation in the EU?

The land is acting as a C sink mainly 
because of forests
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SOC stocks in agricultural soils? Modelling approach

erosion

Lugato E. et al., Nature Climate Change 8, 219–223 (2018)

Lugato E. et al., Science Advances 4 (11), 2018 

Lugato E. et al., GCB, 20 (11), 2014

Biogeochemistry 
model framework

Carbon and nitrogen 
fluxes Including practices

Cover crop

Reduced till.

No-till

No practices scenario

Data Source: FSS Farm 

Structural survey

C sink

C source

dC stock in agricultural land =

- NPP + Rh + Cexp + Clat

dC=5.3 Mt yr-1 average loss 

dC=11.9 Mt yr-1 average loss

DayCent 
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•Surveys (and the resulting data) span multiple years 2009, 2015, 2018, 2022

•42,000 observations

•Soil archive at the JRC premises in Ispra (IT)

•Close cooperation with MSs

The JRC manages the LUCAS SOIL survey: sample 

design, measurement protocols through integrated 

analysis and monitoring, training of surveyors 

SOC stocks in agricultural soils: Data 
Driven approach with LUCAS SOIL survey



• Coarse fragments 

• Particle-size distribution (clay, silt, 
sand)

• pH

• Organic carbon

• Carbonate content

• Total nitrogen content

• Extractable potassium content

• Phosphorous content

• Cation exchange capacity

LUCAS Contributes to EU-Wide Soil Monitoring
From monitoring chemical, physical and biological soil properties to modelling 
the spatial distribution of soil properties in the EU

 

Ballabio et al. (2019) – Geoderma

LUCAS 2.0

Better integrated in MS programmes

New parameters

Depth aspects

Harmonisation with MS laboratories

2024+Is LUCAS a SOC monitoring framework?

▪ Only topsoil 0-20 cm – For 2022 survey 0-30cm

▪ No systematic bulk density – Only a subset of all samples in 

2018 and 2022 

▪ Limited management information (tillage, cover crops, etc)

• Electrical conductivity

• Heavy Metals

• Multispectral properties

• Pesticides (90 substances)

• Neonicotinoid insecticides

• Fungicides (e.g. copper in soils)

• Herbicides

• Antibiotics 

• Soil Biodiversity



10 2018-09 losses ~ 70 Mt C (0-20cm depth)  =   7.7 Mt C loss per year

Data Driven approach
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Lugato et al., 2014b. GCB

Scenario analysis 
(SOC stock changed by 2050)

1) Conversion from arable to grassland 

(LUC_AR_GR); 

2) Crop residue management (AR_RES);

3) Reduced tillage scenario (AR_RT)

4) Combined residue incorporation + 

reduced tillage (AR_RET);

5) Ley in rotation (AR_LEY);

6) Cover crop (AR_CC);
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Organic soils: a key “special” issue 

EU emissions from organic soils

Source: Annual European Union greenhouse gas inventory 1990–2018 

   17 Mha -> 95 Mt CO2 

85%

The EU emissions from organic soils are at least 4-5 times (7-8 times Greifswald estimates) higher those from croplands

Peatlands as a hotspot of emissions

Large uncertainty EF

>160 Mt CO2e 



13 Proposal for a Regulation on an EU certification for carbon removal COM(2022) 672 final
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Carbon farming will require the 

development of a robust MRV 

scheme: 

• in  a cost effective way to 

monitor the carbon changes 

• Including emission removal at 

parcel scale

JRC develops Carbon Removal 

Land (CRL) project (funded by 

DG CLIMA) 

Test /design new methods (MRV) 

for monitoring – calculating the 

carbon budget at parcel scale.

Integrates spatial explicit data 

from LPIS, Remote Sensing and 

LUCAS



EUSO: Assessing Policy Impact

63%

EUSO Soil Dashboard

Convergence of scientific evidence

• 18 Soil degradation indicators

• 63 % of unhealthy soils

• Dashboard shows location and different 

types of soil degradation in the EU

https://esdac.jrc.ec.europa.eu/esdacviewer/euso-dashboard/
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Roadmap towards healthy soils by 2030
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• Agricultural soils are a small C source with regional variations in the EU (mostly related 

to climate change)

• Carbon farming (CF) can have significant mitigation potential (net removal) potential but 

requires large up-take of CF activties

• Promp effect of re-wetting organic soils (reduced emissions) 

• JRC has developed estimates of carbon trends (Biophysical models, Data driven 

approaches) – with high uncertainties

• Three Soil Mission projects – (MRV) : CREDIBLE, MRV4SOC, MARVIC (Collaboration 

with Soil research community and upcoming Soil Mission projects) 

• Soil Mission Workprogramme 2024: even more ambitious calls for proposals on carbon 

farming and Living Labs

• Soil Monitoring Law: from 20,000 points to 200,000 points measured points

Conclusions 
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Thank you
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