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Joint Research Centre – European Commission

As the science and knowledge service 
of the European Commission, the Joint 
Research Centre's mission is to support 
EU policies with independent evidence 
throughout the whole policy cycle.

https://ec.europa.eu/jrc/
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Soil within the Green Deal: knowledge needs and knowledge gaps

New Soil Monitoring Law

The European Soil Observatory

Links with the Soil Mission

Towards a holistic approach of soil health

Contents



SOIL THREATS: Erosion, compaction, organic matter decline, pollution, loss of biodiversity, salinization, desertification, land take & sealing

SOIL DEGRADATION IN THE EU: why do we need to act?

60-70%
of soils are not 

healthy

78%
of land take 

takes place in 
agricultural 

land

200 – 800 k 
deaths globally 
per year due to 

soil 
contamination

13% 
of EU soils 

suffer from high 
erosion with 
1.25 bEUR

yearly losses in 
crop yield

7.4 million 
tonnes

of CO2
lost yearly by 
mineral soils 

under cropland

25%
of land in Southern, 
central and Eastern 
Europe at high or 
very high risk of 
desertification

390.000
contaminated 

sites to be 
remediated



The
European

Green 
Deal 

Mobilising industry 
for a clean and circular economy

Preserving and restoring 
ecosystems and biodiversity

From ‘Farm to Fork’: a fair, 
healthy and environmentally 

friendly food system 

Building and renovating in an 
energy and resource efficient way

Accelerating the shift to 
sustainable and smart mobility

Increasing the EU’s Climate 
ambition for 2030 and 2050

Supplying clean, affordable 
and secure energy

A zero pollution ambition 
for a toxic-free environment

Soils as carbon pool

Soil and the 
circular economy

Nutrient excess; 
fertilizers; pesticides

Soil biodiversity

Soil contamination

Soils are a cross-cutting theme within the 
European Green Deal 

Soils in the EU Green Deal

Biofuels and 
energy 
infrastructures

Green infrastructure 
and spatial planning
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Soil is cross cutting within many policy initiatives



Definitions
Including 
criteria for 
healthy soil

Objective to 
achieve 

healthy soils 
by 2050

Sustainable 
use of soils 
is the new 

norm

Monitoring 
and 

assessment of 
soil health

Soil health 
certification 
and support 

to soil 
managers

Identify, 
investigate, 
register and 
remediate 

contaminated  
sites 

Reporting and 
evaluation

Soil Monitoring Law proposal

Scope

All soils in the 
EU

Directive =
flexible, 

proportionat
e 

intervention 

Building on 
existing 
policies

Staged 
approach

Key features



• to establish a coherent soil monitoring framework for all 
soils (including contaminated sites) that will provide data on 
soil health in all Member States

• to continuously improve soil health to achieve healthy soils by 
2050 and maintain soils in healthy condition, so that they can 
supply multiple services at a scale sufficient to meet 
environmental, societal and economic needs,

Objective 
to achieve 

healthy 
soils by 
2050

Overarching objectives
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The EU Soil Observatory (EUSO)
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LUCAS SOIL survey

•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 



• Coarse fragments 
• Particle-size distribution (clay, silt, sand)
• pH
• Organic carbon
• Carbonate content
• Total nitrogen content
• Extractable potassium content
• Phosphorous content
• Cation exchange capacity
• Electrical conductivity
• Heavy Metals
• Multispectral properties
• Pesticides (90 substances)
• Neonicotinoid insecticides
• Fungicides (e.g. copper in soils)
• Herbicides
• Antibiotics 
• Soil Biodiversity

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+



12

SOC, how much have we lost in the past decade?  
-0.75%  between 2009 and 2018

~ 70 Mt C (0-0.2m depth) =             
28 MtCO2e per year

De Rosa et al. 2023 Global Change Biology



European Soil Data Centre



ESDAC: Towards v2.0

• 100 blocks of data
• 300,000 visitors per year
• > 65,000 total data 

downloads since the start
• One of the most visited JRC 

websites

Accommodate data flows from MS
Outcomes of Soil Mission
Enhanced functionality

2024+
Panagos et al. 2022,  European Journal of Soil Science



Assessing Policy Impact

61.5%

EUSO Soil Dashboard

Convergence of scientific evidence
• 61.5 % of unhealthy soils

• Dashboard shows location and different 
types of soil degradation in the EU

https://esdac.jrc.ec.europa.eu/esdacviewer/euso-dashboard/



CAP Performance indicators
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Developing further the JRC in-house research and development capacity on 
soils (> 40 publications of EUSO group in peer review journals in 2022)

Support the implementation of Soil Mission (novel approached on soil 
monitoring, new methods for data acquisition, metrics for measuring 
indicators, etc)

Close collaboration with Soil Mission Projects (such as AI4SoilHealth, 
BENCHMARKS, Soil-Olive, Prepsoil, ECHO, MARVIC, etc) – EUSO as a 
beneficiary of research activities in Soil Mission Projects

Support to research and innovation
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Novel assessments of Soil Health

New information
New Indicators



19 Unique pan-EU Soil biodiversity assessments

Smith et al., 2021. Large‐scale drivers of 
relationships between soil microbial 
properties and organic carbon across 
Europe. Global Ecology and Biogeography.

Köninger et al, 2023. First European assessment of soil 
eukaryome reveals ecosystem features driving diversity... 
Science Advances
(in review)

Labouyrie et al, 2023. Vegetation, climate and 
soil properties drive soil bacterial and fungal 
communities... Nature Communications
(in review)

Novel assessments of Soil Health
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Novel assessments of Soil Health



JRC is part of the Horizon Europe Soil Mission: a major 
partnership that will fill knowledge gaps

JRC/EU Soil Observatory
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A supportive framework for soil protection in the EU  
The new EU Soil Strategy and Soil Monitoring Law (2023), European Soil Observatory
and Mission A Soil Deal for Europe together are the main framework for soil protection
and restoration in the EU.

EU Soil 
Observatory 

Mission
A Soil Deal for Europe

Healthy 
Soils

Knowledge 
management

Policy support

Soil monitoring +  
data/legacy  
repository

Policy framework

Mechanism for research and innovation, knowledge
gaps, citizen engagement and wide outreach

Soil Monitoring 
Law

+ 
EU Soil 
Strategy Soil

Health
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ESDAC in 2015 – EUSO in 2030
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• Support increased soil literacy and dialogue with 
stakeholders

• Fully supporting the objectives and actions of the Soil 
Strategy and Mission

• Promote outcomes of Living Labs and Lighthouse 
projects (knowledge management)

• Further expansion of the range of awareness raising 
initiatives of the JRC 

e.g. development of JRC Soil Atlas series, 
educational material public communication events

Supporting Citizen Engagement & 
Awareness Raising



EUSO Stakeholders Forum 

• 1,000 participants in 2021 & 2022
• High-level participation
• 70+ presentations over three days
• 2022 Forum: first presentation of Soil Mission funded 

projects 

• Establishment of 6 Technical Working Groups - Lead to a 
more complete knowledge base for policy
• Soil pollution
• Soil monitoring
• Soil data sharing
• Soil erosion
• Soil biodiversity
• Soil Carbon MRV



3rd EUSO Forum

3rd EUSO Stakeholder Forum

• Working group meetings (15-17 November, online) – Join: 
https://ec.europa.eu/eusurvey/runner/EUSOFORUM2023

• European SOIL Mission Week (21-23 November, Madrid)

https://ec.europa.eu/eusurvey/runner/EUSOFORUM2023


Sustainability of soils requires an holistic assessment of all 
drivers of impact within production and consumption 
systems

For example, more resilient and sustainable food systems are possible 
but they require integrated solutions at multiple scales and across 

the entire food chain from field to table, to waste management 
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What happens next?
10 years+ of work!

• 2 years for EP/MS agreement + 2 years for implementation + 6 years for first reporting + analysis

Upgrading EUSO to accept MS data flows and Soil Health dashboard to report progress

Fully integrate LUCAS Soil and MS monitoring programmes

• Facilitate harmonization of methodologies

Provide support for transposing and implementing the Directive, in particular concerning land take 
and soil contamination

Facilitate filling in the knowledge gaps related to the directive, interfacing with research 
programmes (e.g. Mission) for any needed update of the directive’s annexes.

Better linking drivers of impacts on soils (from production and consumption systems) to ensure a 
coherent policy support 
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Thank you

EU Soil Observatory: https://esdac.jrc.ec.europa.eu

Panos.Panagos@ec.europa.eu @PanosPanagos33

Contacts

https://esdac.jrc.ec.europa.eu/
mailto:Panos.Panagos@ec.europa.eu
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