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Abstract

Healthy soils are essential for sustainable food production, achieving climate

neutrality and halting the loss of biodiversity. The European Commission

turned the spotlights on these vital aspects of soils with the launch of the EU

Soil Observatory (EUSO) in 2021 to support the European Green Deal. Also,

the EU Soil Strategy for 2030 and the proposed Soil Monitoring Law marked a

major milestone for soil protection. This article provides an overview of the

functioning of the EUSO within this policy context. Through its activities, the

EUSO supports an EU-wide soil monitoring system and provides policy sup-

port to a wide range of policy areas. Moreover, the EUSO monitors the state of

soil health in the EU through the EUSO Soil Health Dashboard. This compre-

hensive and easy understandable tool shows, for the first time, where current

scientific evidence converges to indicate areas in the EU likely to be affected

by soil degradation. Furthermore, the EUSO supports soil research and innova-

tion, enhances the capacity and functionality of the European Soil Data Centre

and supports citizen engagements regarding soil matters. Overall, since 2021,

the EUSO has successfully taken up its role to be the principal knowledge hub

for soil information and data to underpin EU policy development and

implementation. Also in the next years, EUSO will continue to provide data

and knowledge to monitor, safeguard and restore soils in the EU.
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1 | BACKGROUND

Healthy soils produce food, increase our resilience to cli-
mate change, extreme weather events, drought and floods
and support our well-being. As the world's population
increases and may reach 9 billion by 2050, issues of food
security become more pressing, as this trend needs to sus-
tain soil fertility and minimise its degradation (Oliver &
Gregory, 2015). As soils are the largest terrestrial pool of
carbon on the Earth, their role is important in carbon
sequestration and climate change mitigation (Neher
et al., 2022).

Land degradation is a serious threat that has no bor-
ders and can reduce the soil's capacity to provide ecosys-
tem services (Smiraglia et al., 2016). In addition, this
threat has become more prominent as the Russian war
against Ukraine has had a serious impact on global food
systems. As a result of this conflict, consequences such as
halted exports, population displacement, limited access
to fertilisers, uncertainty about harvests and loss of fertile
soils have emerged (Ben Hassen & El Bilali, 2022; Pereira
et al., 2022). In this context, fertile soils are of geo-
strategic importance to secure our access to sufficient nutri-
tious and affordable food for the global population. In paral-
lel, large expanses of soils, and their associated ecosystem
services, have been lost to urban expansion and infrastruc-
ture development (Tobias et al., 2018). Soil sealing exacer-
bates urban heat island effects but also exposes people to
greater hydrogeological risks (Nwakaire et al., 2020).

Soil erosion, soil contamination, soil compaction, soil
sealing, nutrient depletion and the loss of soil organic
matter and biodiversity continue to be major threats to

soil health in Europe (Figure 1). Monitoring soil health
in a comprehensive manner, understanding the interplay
between soils and the essential functions they deliver are
pivotal to design solutions and policy intervention to
ensure sustainable management of soils. In the European
Union (EU), a pivotal role in this respect is played by a
dedicated platform, the EU Soil Observatory (EUSO).

The objective of this review is to give an overview of
the main activities of EUSO within its policy context. In
addition, we show the role of EUSO in converging moni-
toring evidences, providing indicators, summarising lat-
est scientific findings towards the best possible support to
soil-related policies as well as to all the domains where
healthy soils are of strategic importance (climate policies,

FIGURE 1 Major threats for soil health in the EU and related impacts. Source of the data: Soil Monitoring Law (European

Commission, 2023a, 2023b) and scientific publications (De Rosa et al., 2024; Dupas et al., 2015; European Environmental Agency, 2024;

Panagos et al., 2020; Pérez & Eugenio, 2018; Pr�av�alie et al., 2017; Veerman, 2023).

Highlights

• EU Soil Observatory (EUSO) monitors the state
of soil health in the EU through Soil Health
Dashboard.

• 62% of soils in the EU are unhealthy based on
the 19 soil degradation indicators of the
Dashboard.

• 24% of EU soils are subject to one degradation
process, 16% to two, 10% to three and 5% to
four processes.

• EUSO contributes to the proposal of the Soil
Monitoring Law and the implementation of
the Soil Mission.
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food policies, biodiversity policies, etc.). EUSO activities
include implementing an EU-wide soil monitoring sys-
tem, supporting soil research and innovation, enhancing
the capacity and functionality of the European Soil Data
Centre (ESDAC), monitoring soil health and policies in
the EU and supporting citizen engagements regarding
soil matters. The article also provides evidence about the
EUSO contribution to soil science and an outlook for
the future developments of the EUSO.

2 | POLICY CONTEXT AND
THE EUSO

The EU has put in place many policies for agro-environ-
mental protection since 2000, including soil protection.
Since 2020, the European Green Deal has set an ambi-
tious roadmap to make the EU the first carbon-neutral
continent with a modern, competitive and resource-
efficient economy. As part of Green Deal, the European
Commission (EC) has put soil protection in a high posi-
tion on the EU policy agenda as healthy soils are impor-
tant to achieve climate neutrality, zero pollution,
sustainable food provision and a resilient environment
(Montanarella & Panagos, 2021). The EC adopted the EU
Soil Biodiversity Strategy 2030, the Zero Pollution Action
Plan, the Farm to Fork Strategy, the EU Climate Adapta-
tion Strategy, the Carbon Removal Certification frame-
work and published in July 2023 the proposal for the Soil
Monitoring Law.

A Soil Monitoring Law will put the EU on a pathway
to healthy soils by 2050, by gathering data on the health
of soils and making it available to farmers and other soil
managers. The law also makes sustainable soil manage-
ment the norm and addresses situations of unacceptable
health and environment risks due to soil contamination
(European Commission, 2023b).

Moreover, since September 2021, the EC adopted
five Research and Innovation Missions to bring solu-
tions to major societal challenges in the EU and deliver
concrete results by 2030. The Mission ‘A Soil Deal for
Europe’ will support the EU's ambition to manage land
in more sustainable ways, put in place 100 Living Labs
and develop a harmonised framework for soil monitor-
ing in Europe (Panagos, Montanarella, et al., 2022;
Veerman, 2023). The ambitious objectives of the Soil
Mission and the legislative proposal for a Soil Monitor-
ing Law requested scientific evidence about the state of
soil health in the EU.

To support the Green Deal, the EUSO was launched
by the EC in December 2019. With the publication of the
EU Soil Strategy for 2030, the proposed Soil Monitoring
Law and the Soil Mission, the importance of the EUSO

was highlighted again as these policy developments
marked a major milestone for soil protection in the
EU. The EUSO is developed by the Joint Research Centre
(JRC) of the EC and published in a dedicated platform
that is publicly accessible.

Given this policy context, the main objective of the
EUSO is to provide the EC and the broader soil user com-
munity with the knowledge and data needed to monitor,
safeguard and restore soils at EU level. The EUSO aims
to be the principal provider of reference data and knowl-
edge at EU level for all matters related to soils. Further-
more, the EUSO aims to support EU Research and
Innovation on soils and raise societal awareness of the
value and importance of soils to the lives of citizens,
including connecting soils with overall production and
consumption patterns. Besides their natural value, soils
are essential to support basically all economic sectors that
underpin production and consumption in the EU and
globally. However, production and consumption patterns
that depend upon soils are also the major driver of soil
degradation (intensive agriculture, mining and raw mate-
rials extraction, housing and infrastructure, etc.). More-
over, due to the global nature of supply chains, many soil-
related impacts are displaced (Wiedmann & Lenzen, 2018).
Namely, EU production and consumption patterns not only
affect EU soils but imply impacts in third countries, for
example, from where raw materials or commodities are
imported.

Overall, the EUSO supports the EU policies by ensur-
ing that the EC is able to fully capitalise on the informa-
tion made available through integrated data flows by
transitioning from simply monitoring to understanding.
In this manner, the EUSO supports the implementation
of all soil-related objectives of the European Green Deal.

Active for 3 years, the EUSO plays a key role in sup-
porting soil policy development, monitoring the state of
soil health, supporting and interacting with research
activities and raisings citizens' awareness of the need for
soil protection.

To achieve the main objective of the EUSO to act as
the key knowledge centre for EU soil policies, five sub-
objectives have been defined (Figure 2):

1. Support the development of an operational EU-wide
Soil Monitoring System.

2. Further consolidate and enhance the capacity and
functionality of the ESDAC.

3. Monitor the state of soil health and the policies in
place to enhance soil protection, through Soil Health
and Policy Dashboards.

4. Support research and innovation through the imple-
mentation of Horizon Europe's Mission ‘A Soil Deal
for Europe’.

PANAGOS ET AL. 3 of 19
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5. Provide an open and inclusive European Soil Stake-
holders Forum that supports citizen engagements and the
drive towards a societal change in the perception of soil.

3 | EU-WIDE SOIL MONITORING
SYSTEM

The EUSO continues to provide an essential and unique
soil monitoring service at the EU level through the Land
Use/Cover Area Frame Survey soil module (LUCAS Soil).
In its first campaigns (2009/2012 and 2015), LUCAS Soil
collected around 20,000 samples per sampling round and
targeted physico-chemical properties (e.g., pH, texture,
organic carbon content, nutrients and heavy metals). In
2018, additional properties, namely bulk density, soil bio-
diversity (DNA-based), measurements for organic-rich
soil and soil erosion, were considered (Orgiazzi
et al., 2018). The data generated by LUCAS Soil have
been used to establish baselines for several soil indicators
across the EU (Figure 3). Such an effort has led to the
LUCAS Soil module becoming a reference system for soil
monitoring in the EU.

Currently, the LUCAS Soil module is the only EU-
wide harmonised and regular soil survey. It covers the
entire territory of the EU, targeting simultaneously major
land cover types (i.e., cropland, grassland and woodland),
in a short sampling period (Figure 3).

In 2022, around 38,000 samples were collected, dou-
bling the effort of the previous campaign (19,000 samples
taken in 2018). Around 22,000 new points supplemented
a fixed pool of 16,000 sampling points (made up of

locations that had been revisited at least twice in the
2009/2012–2015–2018 surveys). For the selection of new
sampling locations, a novel approach was applied based
on the prediction of soil organic carbon (SOC) concentra-
tions. Thanks to the support of the Alpine Convention
Working Group for Soil Protection (Markus, 2017), sam-
pling locations also included areas above an elevation of
1500 m mainly distributed in the Alpine region, which
was underrepresented in previous LUCAS campaigns.
Those numbers will allow, among others, to provide a
more statistically robust assessment of SOC stocks in
croplands (regional level: NUTS 2) and woodlands and
grasslands (country level: NUTS 0) and, thus, better
reporting on this matter in relation to environmental,
climate and agricultural policy implementation.

In close coordination with the European Joint Pro-
gramme (EJP) Soil (Keesstra et al., 2024), the EUSO has
supported a study on the inter-comparison of the LUCAS
Soil module and existing national soil monitoring sys-
tems in the EU. Data harmonisation is paramount for a
future EU soil monitoring scheme, guaranteeing a sys-
tematic soil health assessment among Member States
(MS), but also allowing to produce knowledge for
informed land management and policy decision-making.
Currently, MS use a variety of methodologies to deter-
mine soil chemical and physical properties, but also spe-
cific sampling schemes, which often differ from the
LUCAS topsoil (0–20 cm) procedure. To facilitate the har-
monisation of data originating from different sampling
and laboratorial schemes, a double sampling was per-
formed under the LUCAS 2022 survey towards the com-
parison of the LUCAS (single-lab) approach with
13 other MS laboratorial procedures. The double

FIGURE 2 The five objectives of

the EU Soil Observatory.
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sampling also addresses in situ variations as such as sam-
pling at different soil depths (0–20 cm vs. 0–30 cm). The
final objective of this intercomparison is to develop a set
of pedotransfer functions (Hollis et al., 2012; Steinfurth
et al., 2021; Visconti et al., 2010) for data harmonisation,
but also to allow a direct comparison and valorisation of
soil legacy data.

The recently presented proposal for a Soil Monitoring
and Resilience Directive (European Commission, 2023b)
sees monitoring as a core action for ensuring soil protec-
tion. An effective strategy for tracking soil characteristics
and their temporal variations at the EU level would be
required. Such a monitoring programme should be able
to assess soil parameters under different land use/land
cover scenarios and in response to climate change, with a
focus on spatial and temporal aspects. Moreover, the
sampling strategy must gather comprehensive data,
not just on physico-chemical properties but also the bio-
logical component. To reach this goal, the EUSO pro-
posed a stratified sampling method that possibly meets
these requirements, while minimising the cost of sam-
pling. The minimum sampling size is calculated by
implementing the Bethel algorithm (Bethel, 1989) with
subgroups divided following the methodology of Ballin
and Barcaroli (2013). The efficiency of stratification is
measured by the extent to which it minimises the cost of

sampling while maintaining sufficient accuracy in esti-
mating the target variables. In this context, it is important
to select the independent variables that are most strongly
correlated with the target variables, such as soil carbon
content, pH and nitrogen content (Ballin et al., 2018;
Ballin & Barcaroli, 2013). The EUSO's approach will be
discussed with MS to verify its applicability and integra-
tion with national monitoring schemes.

In light of the proposal for the EU Soil Monitoring Law,
the EUSO will deepen its interaction with MS to facilitate
the exchange of harmonised information about the state of
soils and their assimilation at EU level. The final goal of the
EUSO is the creation of a European harmonised data infra-
structure (digital EU Soil Health Portal) to integrate
pan-European national/regional soil monitoring data as
well as legislative reporting obligations.

4 | STRONGER ESDAC

The ESDAC, hosted by the JRC, has become the leading
web platform for gathering and disseminating soil scien-
tific data and knowledge in the EU. As such, the ESDAC
is at the core of the EUSO by providing the scientific and
data management foundation on which other activities
can build (Panagos, Van Liedekerke, et al., 2022).

FIGURE 3 LUCAS Soil Survey—from field sampling, lab testing, dataset development, modelling (including AI) and mapping to policy

making. The maps are examples of chemical properties (Ballabio et al., 2019). The figure from the laboratory is from Soils Lab of Michigan

(CC BY 2.0).
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The ESDAC currently hosts 120 blocks of datasets,
over 6000 maps, 600 scientific documents (including
400 scientific publications), 7 atlases and a wide range of
soil-related material (Figure 4). In 2023, the ESDAC grew
substantially as 17 new datasets were added, all accompa-
nied by scientific publications.

In terms of data usage and visits, the ESDAC distrib-
uted 11,675 datasets during 2023, which is 18% higher
than in 2022 and 150% higher than 2018. A total of 62%
of these distributed datasets were downloaded in an EU
country and 38% in a non-EU country. The ESDAC is
one of the most visited sites within the JRC domain with
200,000 visitors annually, 600,000 page views and 140,000
document downloads in 2023 (Figure 4).

The integrated soil monitoring system envisaged in
the Soil Monitoring Law and the Soil Mission should be
supported by a modern data management platform of soil
information across the EU. This EU Soil Health Portal
is foreseen as the evolution of ESDAC 2.0 and would (a)
include soil data flows from MS to the EUSO; (b) co-ordi-
nate and collect data outputs from the Soil Mission pro-
jects and other HORIZON projects; and (c) incorporate
products from technologically innovative streams such as
COPERNICUS, drones, citizen science and sensors for
precision agriculture (Figure 4).

As such, the EU Soil Health Portal (ESDAC 3.0)
would then serve as an advanced soil digital platform, to
(a) provide knowledge and science evidence to underpin
EU soil-related policies; (b) update indicators on soil
health in the EU and update the EUSO Soil Health Dash-
board; (c) keep track of EU soil-related policies by provid-
ing trends on implementation and performance; and (d)
become the single-stop shop for soil-related data and
knowledge for all stakeholders in the EU (e.g., land man-
agers, farmers, agri-businesses, industrial sector, teachers,
policymakers, NGOs, etc.). Consequently, the EU Soil

Health Portal (ESDAC 3.0) would contribute to better soil
governance in the EU, propose a new data governance
model (digital transformation), integrate with national
data platforms and safeguard soil health in the EU.

However, this digital transformation of soil data gov-
ernance faces huge challenges and obstacles. First, soil-
related data and data management in the MS are cur-
rently fragmented, with various institutions, agencies and
research organisations involved. Second, data holders,
researchers, farmers and other actors are currently reluc-
tant to share their data. Third, technical issues related to
format, scale, protocols, intellectual properties, quality
assurance and lack of documentation also form an impor-
tant obstacle to data integration (Figure 4). These chal-
lenges and obstacles will be addressed in the evolution
towards ESDAC 3.0.

5 | MONITORING SOIL HEALTH
AND SUPPORTING POLICIES

The Soil Monitoring Law aims to provide a legal frame-
work to help achieve healthy soils by 2050, putting in
place a solid and coherent monitoring framework for all
soils. Therefore, MS can take measures to regenerate
degraded soils (European Commission, 2023b). This
ambitious goal will be achieved by making sustainable
soil management the norm in the EU. The Law targets
soil health for all soils and provides the means for the
systematic monitoring and identification of areas under
higher degradation state, which are no longer able to pro-
vide the full range of soil ecosystems services.

The EUSO contributed intensively to the design and
drafting of the proposed Soil Monitoring and Resilience
Directive, which was adopted by the Commission in July
2023. In particular, the EUSO was central to defining the

FIGURE 4 The European Soil

Data Centre and evolution to the EU

Soil Health Portal.
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need for action on soil by demonstrating the extent of soil
degradation (60%–70% of EU soils are affected by issues
such as erosion, loss of soil organic matter, salinisation,
contamination, compaction, sealing, as well as loss of soil
biodiversity). The EUSO contributed to the impact assess-
ment (European Commission, 2023a), with the revision
of various versions and also through the provision of a
series of soil health statistics and maps at different scales
(regional, MS and EU). The monitoring component of
the Law is inspired by the LUCAS Soil module, where a
revised version is proposed as a contribution by the EC to
reduce the burden on MS by collecting approximately
20% of samples targeted by the Law. In addition, the
EUSO supports the discussion of the proposal for a Soil
Monitoring Law in the European Parliament's Commit-
tees and in the European Council (led by the Spanish
and Belgian presidency).

The EUSO Soil Health Dashboard supported the
importance for a Soil Monitoring Law, by demonstrating
the need for soil protection and restoration actions at the
EU level. As such, the dashboard forms a key component
of the EUSO and has a major contribution for soil liter-
acy. The EUSO Soil Health Dashboard provides a spatial
assessment of where unhealthy soils may be located in
the EU and which degradation processes affect them.
The dashboard uses a convergence of evidence methodol-
ogy, which spatially combines datasets to highlight the

intensity and location of 19 soil degradation processes
(Figure 5). The resulting map shows, for the first time,
where current scientific evidence converges to indicate
areas that are likely to be affected by soil degradation.
Although the dashboard is subject to a degree of uncer-
tainties and underlying assumptions, it provides for the
first time a comprehensive and easy understandable over-
view of soil health in the EU, which can be used to dem-
onstrate progress towards the vision of the EU Soil
Strategy.

The EUSO Soil Health Dashboard consists of five key
features (Figure 5):

• The convergence of evidence map shows in which
areas scientific evidence converges to indicate areas
that are likely to be affected by soil degradation
processes.

• The speedometer indicates the proportion of land
likely to be affected by one or more soil degradation
processes or by soil sealing in the EU. It is based on
the convergence of evidence map.

• The dependency wheel shows the extent of the over-
lapping area between pairs of soil degradation pro-
cesses of the convergence of evidence map.

• The intensity of concurrent soil degradation processes
and analysis per land cover (agriculture, forest, grass-
land, etc.).

FIGURE 5 The EUSO Soil Health Dashboard key functionalities.
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• The soil degradation indicators statistics as each indi-
vidual soil degradation process is presented through an
interactive display where users can select the process
and the scale. Statistics and maps are available at
national (NUTS 0) and regional level (NUTS 2).

In addition to the Soil Monitoring Law, the EUSO
also contributes to a number of EU policies within the
Green Deal. In the Zero Pollution Action Plan, the EC
aims to address pollution and adverse impact on human
health and the environment. As a relevant objective in
this Action Plan, the EC intends to improve soil quality
by reducing nutrient losses and chemical pesticides' use
by 50%. The EUSO has contributed with spatial explicit
assessments in the first Soil Pollution Monitoring and
Outlook Communication (European Commission, JRC,
2022) and has run various scenarios for nutrient losses
(Grizzetti et al., 2022).

The EU's objective to become the first climate-neutral
continent by 2050 is targeted through the Climate Law.
Soils are an important part of this objective as there are
plans to reduce CO2 emissions from agriculture, preserve
wetlands and restore drained peatlands. The EC adopted
a proposal for the first EU-wide voluntary framework to
reliably certify high-quality carbon removals. In the
Carbon Removal Certification framework, the EUSO pro-
posed practices to enhance SOC stocks (e.g., through crop
rotation or reduced tillage; Lugato et al., 2014) and
attempted to establish baselines of carbon stocks in EU
agricultural topsoils (De Rosa et al., 2024).

The Nature Restoration Law aims to restore degraded
peatlands and levels of SOC content in areas of cropland
mineral soils. The EUSO contributed with baselines on
SOC and areas where SOC losses have been evident in
agricultural soils (De Rosa et al., 2024). In addition, the
EUSO provided evidence of the impacts of multiple farm-
ing practices that can contribute to nature restoration
and improvement of soil quality (Liquete et al., 2022).

The Biodiversity Strategy 2030 is a comprehensive,
ambitious and long-term plan to protect nature and
reverse the degradation of ecosystems including soils.
Particular focus is given in increasing EU-protected areas
at a minimum of 30%, reinforcing the application of land-
scape features (grass margins, buffer strips, terraces) in
agricultural areas and reducing soil erosion and land
take. As soil is a critical habitat, data and knowledge on
soil biodiversity support this strategy.

The Common Agricultural Policy (CAP) 2023–2027 is
giving emphasis to environmental performance and cli-
mate resilience. The CAP objectives include, among
others, the sustainable management of natural resources
and climate action, with a focus on greenhouse gas emis-
sions, biodiversity, soil and water. The performance

monitoring and evaluation framework (PMEF) of the
CAP uses a set of performance indicators shifting the pol-
icy focus from compliance to results. The EUSO contrib-
uted by providing evidence and performance indicators
on soil erosion and SOC for the CAP PMEF.

Recently, the EUSO has provided scientific evidence
in relation to the heavy metal content of sewage sludge
application rates per country (Sewage Sludge Directive).
In total, 36% of LUCAS samples (2009 survey) in agricul-
tural soils exceeded the strictest limit values of heavy
metal content (Yunta et al., 2024). In the same context,
the EUSO has assessed the cadmium content in EU top-
soils (Ballabio et al., 2024) that contributes to evaluation
of the impact of recent EU regulations regarding the cad-
mium content in phosphate fertilisers (Fertilizer
Regulation).

To further enhance the awareness of the interplay
between soils and production and consumption patterns,
the EUSO will host information and indicators on how cur-
rent and future patterns affect soils. This will build from a
set of life cycle assessment-based indicators that the EC is
already using in a number of official monitoring systems to
link the use of natural resources throughout the economy
and the related environmental impacts. The consumption
footprint platform (European Commission, 2024) currently
assesses the use of soils and land in five areas of consump-
tion (food, housing, mobility, household goods and appli-
ances) and estimates the environmental impacts of those
areas of consumption in terms of changes in SOC, buffering
capacity of the soils towards acidification and eutrophica-
tion, ecotoxicity, and so forth. This set of indicators con-
siders both domestic (those happening in EU soils) and the
embodied impacts (those happening in third countries as a
consequence of production and consumption in Europe).

6 | SUPPORTING SOIL RESEARCH
AND INNOVATION

The EUSO contributes directly to the advancement of sci-
entific knowledge on soils in the EU through its in-house
research activities. In 2023, the scientists working in the
EUSO published 46 papers in Scopus-indexed journals and
numerous technical reports. Most of the publications are
in high-impact journals and are relevant to indicators and
datasets hosted in the EUSO. This research activity con-
tributes to the 400 publications produced by the soil group
of the JRC during the last 12 years. Moreover, the EUSO
hosted and mentored six PhD candidates in 2020–2023 in
the context of the Collaborative Doctoral Partnership
(CDP). The CDP is an initiative of the JRC to establish
strategic collaborations with higher education institutions
(universities) that grant doctoral degrees (Panagos &
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Orgiazzi, 2023). The CDP is characterised by research
excellence and high international reputation.

Furthermore, the EUSO is responsible for the soil
monitoring elements of the Horizon Europe Mission ‘A
Soil Deal for Europe’ (Soil Mission, 2021). The Soil Mis-
sion is providing funding of nearly 1 billion Euro over
the period 2022–2030 to soil-relevant HORIZON Europe
projects and 100 Living Labs (Panagos, Borrelli,
et al., 2024). The Soil Mission has already funded 29 pro-
jects for €162 million in 2021–2022, 2 projects of
€30 million with other missions, 19 projects for
€139 million in 2023 and allocated €135 million for 2024
HORIZON Europe calls. The EUSO contributes to the
Mission's annual work programme by identifying gaps
and proposing innovative subjects for research. The
EUSO is also a beneficiary of the outcomes of the
research activities (data, knowledge) of the Soil Mission
projects. In this respect, the EUSO works in close collabo-
ration with several of the Mission Soil projects to ensure
that their deliverables can directly support the policy pro-
cess. The EUSO is also proposing new methodologies for
better monitoring of soils such as spectroscopy and artifi-
cial intelligence algorithms. In 2023, several collabora-
tions and interactions between the EUSO and projects of
the Soil Mission were started.

The EUSO is also the interface between the Soil Mis-
sion projects and the various Directorate Generals (DGs)
of the EC who address policy needs, questions and

knowledge gaps to the soil research community. The Soil
Mission has set up eight objectives (full list in the Annex
S1; Figure 6). These objectives are associated with eight
groups of indicators that have the broad agreement and
application throughout the soils community (Figure 6;
Bünemann et al., 2018).

In addition, the Soil Monitoring Law has defined
12 descriptors, which include indicators addressing the
soil degradation processes (Annex S2). Those 12 descrip-
tors are in line with the eight indicators in the Soil
Mission implementation plan (Figure 6). The EUSO
steers and coordinates the development of indicators at
EU scale, which will serve both the Soil Mission Objec-
tives and the Soil Monitoring Law.

7 | STAKEHOLDER ENGAGEMENT
AND EUSO FORUM

The EUSO Stakeholder Forum, organised annually by
the EUSO, is an open and inclusive event providing an
opportunity to engage with the European and global soil
community. The Stakeholder Forum brings together
soil scientists, policymakers, regional and national bodies
and interested citizens. It aims to support citizen engage-
ment and drive towards a societal change in the percep-
tion of soil. The third edition of the EUSO Stakeholders
Forum took place in two parts, with the Working Group

FIGURE 6 The objectives (bottom) and indicators (right) of the Soil Mission.
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(WG) meetings on 15–17 November 2023 (online) and
the European Mission Soil Week on 21–23 November
2023 (in-person) in Madrid, Spain.

Each edition of the Stakeholder Forum has raised the
interest of 900–1000 attendees each. The Stakeholder
Forum is organised around WGs, which are a key ele-
ment of the EUSO involving stakeholders. The WGs are
composed of relevant topical experts from academia,
businesses or policy and are co-chaired by EUSO staff
and external partners. Each WG develops its own work
agenda, aiming to provide relevant advances to current
scientific and policy questions. In 2023, six WGs were
active: (1) data sharing and integration, (2) soil erosion,
(3) soil biodiversity, (4) SOC monitoring reporting and
verification, (5) soil monitoring and (6) soil pollution.

The EUSO also drives many activities to raise soil
awareness and citizen engagement (Figure 7). One suc-
cessful example of awareness raising is the publication of
the soil atlases (covering Europe, Asia, Africa, Latin
America and Caribbean, Biodiversity and Circumpolar).
These atlases have a high impact as they are written in
an easily understandable language and come with many
illustrations. In addition, the ESDAC monthly newsletter
(with 160 releases in 14 years) is distributed monthly to
13,000 followers and includes the top five EUSO news.
Furthermore, the co-development of a citizen science

database, the participation in awareness-raising events
(e.g., EU Green week, ECOMONDO, EGU, REMTECH)
and the organisation of summer schools and courses are also
among the most impactful activities for public dissemina-
tion. The EUSO has also organised the first edition of the
Young Soil Researchers Forum with 100 abstracts and
58 presentations in 2021 (Panagos & Orgiazzi, 2023). As a
final example, the EUSO has also contributed to a broad
acceptance of the Mission Soil Manifesto by different
stakeholders.

The above-mentioned activities of the EUSO are
important to raise awareness and citizen engagement
related to soils. Until the establishment of EUSO, the
involvement of stakeholders to soil-related policy devel-
opment was limited. However, successful policy develop-
ment should include all actors (stakeholders, farmers,
private sector, landowners, agri-business, etc.). The mobi-
lisation of citizens towards a soil health approach should
raise awareness about the importance of soils in food
security (95% of food comes from soils) (Lal, 2009), cli-
mate change (soils can contribute to climate mitigation;
Minasny et al., 2017), fight against pollution (role of
waste management, overconsumption and intensive agri-
culture; Zwolak et al., 2019) and well-being (changing of
diets, organic, improvement of agri-food; Brevik &
Sauer, 2015). Such a mobilisation process needs a

FIGURE 7 Examples of the

EUSO activities to raise soil

awareness and citizen engagement.

10 of 19 PANAGOS ET AL.

 13652389, 2024, 3, D
ow

nloaded from
 https://bsssjournals.onlinelibrary.w

iley.com
/doi/10.1111/ejss.13507, W

iley O
nline L

ibrary on [31/05/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



paradigm shift from the current consumption model to a
more sustainable one with important behaviour changes.
The EUSO, with various actions of stakeholder engage-
ment and awareness raising, aims to mobilise these dif-
ferent actors (Figure 7). In particular, the EUSO engages
the young researchers who can find more space in vari-
ous working groups (Panagos & Orgiazzi, 2023).

The 100 Living Labs as foreseen in the Soil Mission
would be among the mechanisms to involve actively
those stakeholders, improve soil health and have an
important societal and economic impact in local societies
(Ceseracciu et al., 2023). The EUSO will be involved in
this transition and longevity of Living Labs. In addition,
it would be important to evolve the current business
model financed by the Soil Mission to a more active par-
ticipation of the private sector. Interest in this process
has been identified by philanthropic organisations in
relation to investments and funding in the longevity of
Living Labs, carbon farming, soils in Africa and nutrient
management.

8 | EUSO ASSESSMENTS ON
HEALTHY SOILS

Soil degradation processes lead to the physical, chemical
and biological decline in soil quality. Recent EU policy
documents (i.e., Soil Mission implementation plan and
Soil Monitoring Law) identified a set of major soil degra-
dation processes including, among others, soil erosion,
loss of SOC, nutrient losses, soil biodiversity decline, sali-
nisation, soil compaction, soil contamination and soil
sealing.

Within its interdisciplinary research activities, the
EUSO has developed the Soil Health Dashboard that pro-
vides the first comprehensive pan-EU assessment of soil
degradation based on the latest state-of-the-art indicators
of soil degradation (Table 1). Those indicators have broad
agreement and application throughout the soil commu-
nity (Bünemann et al., 2018) and have been proposed by
research framework projects (Stolte et al., 2015). Even if
pioneering, and still lacking an optimal level of data

TABLE 1 Soil degradation processes, indicators, threshold and data sources are currently used in the development of the EUSO Health

Dashboard.

Soil degradation Indicator Threshold used Data used (reference)

Soil erosion Water erosion Erosion rate >2 tonnes ha�1 year�1 Panagos et al. (2020)

Wind erosion Erosion rate >2 tonnes ha�1 year�1 Borrelli et al. (2017)

Tillage erosion Erosion rate >2 tonnes ha�1 year�1 Borrelli et al. (2023)

Harvest erosion Erosion rate >2 tonnes ha�1 year�1 Panagos et al. (2019)

Post-fire recovery Recovery rate <1 Vieira et al. (2023)

Soil pollution Copper excess Cu concentration >100 mg kg�1 Ballabio et al. (2018)

Mercury excess Hg concentration >0.5 mg kg�1 Ballabio et al. (2021)

Zinc excess Zn concentration >100 mg kg�1 Van Eynde et al. (2023)

Cadmium excess Cd concentration >1 mg kg�1 Ballabio et al. (2024)

Arsenic excess Probability of high As (>45 mg kg�1)
>5%

Fendrich et al. (2024)

Soil nutrients Nitrogen surplus Agricultural areas where N surplus
>50 kg ha�1

Grizzetti et al. (2022); Lugato
et al. (2018)

Phosphorus deficiency P deficiency <20 mg kg�1 Ballabio et al. (2019)

Phosphorus excess P excess >50 mg kg�1 Ballabio et al. (2019)

Loss of soil organic
carbon

Distance to maximum SOC
level

Distance from ‘maximum’ SOC >60% De Rosa et al. (2024)

Loss of soil
biodiversity

Potential threat to biological
functions

≥Moderately high level of risk Orgiazzi et al. (2016)

Soil compaction Soil packing density High packing density (>1.75 g cm�3) Panagos, De Rosa, et al. (2024)

Salinisation Secondary salinisation Areas in Mediterranean biogeographical
region where >30% is equipped for
irrigation

Siebert et al. (2010)

Loss of organic soils Peatland degradation Peatlands under hotspots of cropland UNEP (2022)

Soil sealing Built-up areas No threshold applied (all built-up areas) Copernicus (2018)
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harmonisation, the preliminary information on soil deg-
radation provided by the EUSO Soil Health Dashboard
represents a key first step towards comprehensive map-
ping of soil degradation in the EU based on a large num-
ber of indicators (n = 19; Figure 8). Below, an overview
of those assessments is illustrated (as also in Annex S3).

Soil erosion by water is found to be one of the most
prominent soil degradation processes in the EU, with an
estimated 24% of EU land exhibiting unsustainable rates
(>2 t ha�1 year�1) exceeding soil formation rates
(Panagos et al., 2020). Soil formation rates found in the
literature vary quite significantly as early studies report
rates of 0.05–0.5 mm per year (1 t ha�1 year�1) or
1.4 t ha�1 year�1 (Verheijen et al., 2009). Based on exist-
ing soil formation data and measured soil erosion rates of
10,000 plot years from 255 sites, it is estimated that 16%
of conventionally managed soils exhibit lifespans of
<100 years (Evans et al., 2020).

Wind erosion primarily occurs in dry conditions
when the soil is exposed to wind and the finest particles,
particularly organic matter, clay and loam, are removed
and potentially transported over long distances before
being redeposited (Webb et al., 2006). To gain a better
understanding of the wind erosion situation in Europe,
a working group at the JRC carried out one of the first
continental-scale quantitative estimates of wind ero-
sion. The results of our modelling exercise suggested
that wind erosion in croplands may have a mean rate
of 0.53 t ha�1 year�1, with the first and third quantiles
at 0.3 and 1.9 t ha�1 year�1, respectively (Borrelli
et al., 2017).

Tillage erosion occurs in cultivated fields due to till-
age operations that result in a downhill displacement of
soil. Soil erosion due to tillage has been modelled at pan-
EU scale as a function of the erosivity of tillage opera-
tions and the erodibility of the cultivated landscape. The
resulting estimates indicate that 17% of EU arable land

may suffer from high soil displacement due to tillage
activities (Borrelli et al., 2023).

During the harvest of root and tuber crops, the soil
often sticks to the crop and ends up being moved away
from the field (or it is displaced from the plot) together
with stable soil clods and rock fragments (Ruysschaert
et al., 2004). This phenomenon is generally named as soil
loss by crop harvesting (SLCH). Several factors affect the
magnitude of SLCH, such as the soil moisture, soil tex-
ture, soil organic matter and soil structure, the crop type,
the agronomic practices (e.g., plant density, crop yield)
and the harvest techniques (technology, effectiveness and
velocity of harvester) (Ruysschaert et al., 2004). During
the period 2000–2016, SLCH associated with sugar beets
and potatoes in the EU is estimated to be around
0.13 t ha�1 year�1, equal to a total of 14.7 million of tons
of soil lost per year (Panagos et al., 2019).

Considering non-agricultural lands, it is estimated
that a rather low average annual soil loss occurs in undis-
turbed forests, equal to 0.086 t ha�1 year�1 (Borrelli
et al., 2016). More than 1.4 million hectares of land are
impacted by wildfires every year in the EU and UK
(EFFIS, 2022), and such events greatly impact topsoil
physical and chemical characteristics. Burned soils are
considered sensitive areas because of their increased on-
site risk for runoff and erosion, but also off-site risks for
flooding, debris flows and landslides. The recent study of
Vieira et al. (2023) suggests that in the first post-fire year,
the average erosion rate may rise by as much as 33.5
± 10.3 t ha�1 year�1, showing a remarkable increase.
The prediction of post-fire soil erosion rates obtained by
Vieira et al. (2023) led to the development of a post-fire
soil recovery indicator (RCOVER), which is based on the
ground cover recovery rate. This indicator identifies a soil
surface area in which vegetation cover is still below (i.e.,
not recovered) the pre-fire conditions from the latest
wildfire, for all EU burned areas since 2017.

FIGURE 8 Percentage (%) of

unhealthy soils in the EU, by soil

degradation process (Source: EU Soil

Health Dashboard).

12 of 19 PANAGOS ET AL.

 13652389, 2024, 3, D
ow

nloaded from
 https://bsssjournals.onlinelibrary.w

iley.com
/doi/10.1111/ejss.13507, W

iley O
nline L

ibrary on [31/05/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



The depletion of SOC in agricultural lands poses a sig-
nificant threat, manifesting as reduced fertility, disrupted
water and nutrient cycles and diminished biodiversity in
soils. Alarmingly, an analysis covering the EU and UK
from 2009 to 2018 revealed a net SOC reduction of 0.75%
relative to the 2009 SOC content in cropland and grass-
land (De Rosa et al., 2024), highlighting the urgency of
this issue. The accurate measurement of existing SOC
levels and the identification of factors affecting its vari-
ability are pivotal for crafting policies that enhance the
resilience of EU farming systems. In response, the EU
has amplified the importance of land management and
forestry within its climate strategy, targeting enhanced
carbon sequestration in soils, particularly through agri-
cultural practices, as delineated in the EU Soil Strategy
2030 (McGrath et al., 2023). Boosting SOC not only aids
in climate change mitigation but also elevates soil health,
reduces erosion and bolsters crop yield and adaptability,
offering notable advantages during droughts (Oldfield
et al., 2019; Paustian et al., 2019). Topsoil SOC content is
influenced by a myriad of environmental elements,
resulting in unique variances tied to the specific makeup
of land coverage and intrinsic factors like the type of soil
and climatic conditions, which often fall outside the
scope of direct management. Therefore, proposing an
unbiased SOC metric that works for all soils in the EU
and different climate conditions is a challenge (Drexler
et al., 2022; Feeney et al., 2023; Poeplau & Don, 2023).
The EUSO dashboard proposed a layer which shows the
distance between the current level of SOC and a ‘maxi-
mum’ level of SOC content achievable in the medium–
long term in EU croplands and grasslands, employing a
data driven modelling approach. For each pixel, the
‘maximum’ SOC value is determined by the potential
gain in SOC if the area remained as permanent grassland
for 40 years, without being tilled. In this analysis, soils
are labelled as unhealthy when their SOC content is
more than 60% below this ideal maximum. Conversely,
soils are considered healthy when their SOC levels are
within 60% of this peak value. This pivotal 60% threshold
was derived from analysing the gap between the highest
(75th percentile) and lowest (25th percentile) SOC mea-
surements from the LUCAS Soil survey, which were clus-
tered beforehand based on environmental and soil
edaphic factors. This analysis is subject to a certain level
of uncertainty, stemming from the training dataset and
the variables employed to upscale the model. Conse-
quently, the results should be considered as a rough esti-
mate of the current status of SOC stocks across the EU
and UK. With the incorporation of additional data and
the enhancement of spatial layer information, it is antici-
pated that this uncertainty could be mitigated.

Biodiversity supports the multi-functionality of soils,
underpinning the delivery of several ecosystem services

(e.g., food provision and climate regulation). Many
anthropogenic factors affect soil organisms and their
functions (Rillig et al., 2019). In this context, soil biodi-
versity is estimated to be at risk in 56% of the EU soils
(Orgiazzi et al., 2016). Such an assessment took into
account 13 potential threats to soil organisms
(e.g., intensive exploitation and soil pollution) that were
assessed and ranked by expert knowledge. Subsequently,
a spatial proxy was assigned to each of the pressures in
order to map the distribution of risk across EU countries.
Finally, the analysis was used to generate a first indicator
of healthy soils in relation to biological elements
(i.e., soils with low risk to soil life are classified as
healthy). Over the last few years, thanks to the LUCAS
Soil Biodiversity component (2018), the first assessment
of drivers of soil organism distribution in EU was carried
out (Köninger et al., 2023; Labouyrie et al., 2023).
Through the analysis of the largest European soil DNA
dataset (i.e., 881 sample locations), edaphic, climatic and
land cover factors were explored for their capability to
shape richness, diversity and structure of soil-living
assemblages. Currently, maps of the richness and diver-
sity of soil microorganisms and associated functional
groups (e.g., bacterial pathogens and fungal saprotrophs)
are under development. Once ready, those indicators
may be used for refining soil health evaluation in relation
to biodiversity, for instance, by considering the distribu-
tion of organisms known to be beneficial to plant growth
(e.g., N-fixing bacteria and symbiotic fungi).

In relation to soil contamination, the EUSO has
advanced with the spatial assessments of copper, mer-
cury, zinc, cadmium and arsenic. High copper concentra-
tions have been noted in vineyards and olive groves
(Ballabio et al., 2018). About 1.1% of soil samples were
found to have higher copper concentrations than the
indicated threshold of 100 mg kg�1 (Figure 8). High mer-
cury concentrations have been found close to gold min-
ing, coal power plants, chlor-alkali plants and small-scale
industries employing mercury (Ballabio et al., 2021). Less
than 1% of the samples have been found to have higher
mercury concentrations than the indicated threshold of
0.5 mg mg kg�1. Elevated zinc (Zn) concentrations have
been found close to deposits and mining activities.
Samples within 10 km from these sites had the highest
Zn concentrations above 167 mg kg�1, representing only
1% of all LUCAS Soil samples (Van Eynde et al., 2023).
The relatively higher Zn concentrations found in grass-
lands may suggest manure as an important Zn source in
these soils. Topsoil Zn concentrations were also lower in
coarse-textured soils and in soils with low (below 4.5)
and high (above 8) pH. Significant sources of natural
cadmium are rock weathering, volcanic emissions and
wildfire ash. Cadmium content in EU agricultural soils is
of concern due to intense fertilisation and high cadmium
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content of certain fertilisers (Ballabio et al., 2024).
Around 5% of the LUCAS samples have Cd concentra-
tions higher than the threshold of 1 mg kg�1 (Figure 8).
Recently, a high resolution assessment of arsenic in top-
soils (Fendrich et al., 2024) was included in the dash-
board. Higher As concentrations are associated with
warmer, higher areas with clayey and phosphorus-rich
soils. Other sources of diffuse contamination caused by
pesticides (Silva et al., 2019), microplastics (Hurley &
Nizzetto, 2018), veterinary and pharmaceutical products
(Gros et al., 2019) and other heavy metals can be
included when spatial explicit assessments will become
available.

Phosphorus (P) is an essential nutrient for plant
growth as it plays a key role in energy transfer and many
other biological processes (Marschner, 2011). Phosphorus
excess takes place when phosphorus inputs to soils
(e.g., from inorganic fertilisers or manure) exceed crop
demands, thereby building up P concentrations in soils
with a risk of losses to the environment (Sattari
et al., 2012). Phosphorus deficiency takes place when
phosphorus availability in soils may be too low to sustain
crop requirements and needs to be replenished by
P inputs (Steinfurth et al., 2022). Various soil tests exist
across the EU to define P deficiency and excess, also with
large variation in threshold values (Jordan-Meille
et al., 2012; Steinfurth et al., 2022). Based on LUCAS top-
soil data and a regression model, the EUSO made avail-
able the distribution of phosphorus concentrations in
agricultural land in the EU measured in an Olsen soil
extraction (Ballabio et al., 2019). The layer presented in
the EU Soil Health Dashboard shows agricultural land
areas with a risk of P deficiency (<20 mg kg�1) and P
excess (>50 mg kg�1), and the thresholds were chosen as
the average thresholds reported for EU MS using Olsen
extraction by Jordan-Meille et al. (2012).

Nitrogen (N) is the element after carbon that is
required in the largest amounts by plants. It is an integral
constituent of proteins and other metabolites (Marschner,
2012). Given its critical role for plant production, N
inputs such as nitrogen-containing fertilisers and organic
inputs are extensively used in agriculture worldwide.
However, excessive and inefficient nitrogen application is
a major source of soil pollution, with consequences also
for air, water quality and public health, while it contrib-
utes to greenhouse gas emissions. Nitrogen surplus
occurs where nitrogen inputs (e.g., fertiliser and manure
application, bacterial N fixation and atmospheric deposi-
tion) exceed outputs (e.g., uptake by plants and harvest).
Using agricultural data and a European biogeochemical
model framework, this layer shows areas of agricultural
land in EU subject to nitrogen surplus (N input – N out-
put). The layer presented in the EU Soil Health

Dashboard shows agricultural areas where nitrogen
surplus exceeds 50 kg ha�1 year�1 (Grizzetti et al., 2022)
above which it can be considered that N losses to the
environment are unacceptably high (Grizzetti et al., 2022;
Quemada et al., 2020).

Soils are sealed by their covering with an imperme-
able material, buildings, constructions, roads, and so
forth. It is one of the main causes of soil degradation in
the EU as it is an irreversible process causing a loss of soil
functions. According to the Impervious Built-up data
layer of the EEA (Copernicus, 2018), 7% of the EU lands
are sealed.

Peatlands degradation, soil compaction and soil sali-
nisation have been included in the dashboard but better
refinement of the data is needed. Peatlands degradation
is accelerated through climate change, peat extraction,
drainage, burning and land-use modification (Swindles
et al., 2019). In the EU, more than 4 million hectares of
drained peatlands are managed as cropland or grassland
(Tanneberger et al., 2021). The peatlands degradation
layer presented in the EUSO dashboard presents peatland
areas under hotspots of cropland (i.e., density of cropland
occurring within a fixed radius around peatland areas);
therefore, they are considered to be at risk of being
degraded. Salinisation is an issue of increasing concern in
irrigated lands and in coastal southern Europe where the
problem is intensified by the increase of groundwater
abstractions that facilitate seawater intrusions of aquifers
(Daliakopoulos et al., 2016). Regarding soil compaction,
an estimated 23% of EU agricultural subsoils are affected
by high densities (Schjønning et al., 2015). The new
assessment of bulk density and packing density have
been included as proxies for soil compaction estimation
(Panagos, De Rosa, et al., 2024) replacing the past expert
assessments (Houškov�a & Montanarella, 2008).

In relation to the 4.2 million km2 of the EU, pressures
on soil biodiversity are the degradation process with the
largest spatial extent, followed by soil erosion by water,
and SOC losses (Figure 8). The overlay of all soil degrada-
tion processes (including the 7% soil sealing) has resulted
in the estimation that 62% of soils in the EU are
unhealthy. In relation to the intensity of soil degradation,
24% of EU soils are subject to one degradation process,
16% to two degradation processes, 10% to three degrada-
tion processes, 5% to four or more degraded processes
and 7% are sealed (Figure 5).

9 | PLANNED DEVELOPMENTS
FOR THE EUSO

The EUSO Health Dashboard will be updated to com-
plete the assessment of the state of soil health in the
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EU. The planned updates will include adding new
pan-European datasets for missing soil degradation pro-
cesses (e.g., pollution due to pesticides, other heavy
metals concentrations, acidification, gully erosion, maps
of the richness and diversity of soil microorganisms and
associated functional groups, etc.), adding information
on temporal changes in soil degradation processes, and
adding new functionalities to provide better user experi-
ence. The EUSO policy tracker dashboard will be a new
development monitoring the impact of soil-related poli-
cies in improving the soil health in the EU. Therefore,
trends in soil degradation indicators will allow to better
monitor the implementation of soil-relevant policies.

The EUSO aims to enhance the EU Soil Health
Dashboard by incorporating the extent/level of soil degra-
dation, interactions of multiple soil degradation pro-
cesses, refinement of thresholds and the uncertainties
resulting from the variability in climate and soils across
the EU. The convergence of evidence approach highlights
the scale of soil degradation based on crucial thresholds,
which require further fine-tuning through emerging
research. Moreover, the use of thresholds should more
accurately account for the pedo-climatic conditions in the
EU and incorporate a range of uncertainties. Finally,
the combination of indicators should result in a well-
defined and tested Soil Health Index.

The EUSO has a well-defined plan, which among
others include the quantification and improvement of
soil health in Africa and the development of Africa-wide
Soil Health Dashboard, building on the experience of the
EUSO Soil Health Dashboard. Secondly, the EUSO plans
the development of a comprehensive and accurate assess-
ment of land degradation in the EU (Pr�av�alie et al.,
2024). The EU has flagged an intention to be declared as
affected by desertification under the UNCCD. This will
involve utilising the current baselines of soil degradation
from the EUSO Soil Health Dashboard and other bio-
physical indexes such as aridity, groundwater decline and
vegetation degradation. These actions are in response to
the recommendations of the European Court of Auditors'
recommendations, highlighting the ineffective efforts of
both the EC and MS in addressing the risk of desertifica-
tion in the EU. In addition, the EUSO will contribute to
the development of criteria for assessing the greenness of
new constructions under the EU Taxonomy Regulation.
Important advancements are also expected in relation to
soil biodiversity with new research in drivers of antimi-
crobial resistance and antibiotic synthesis genes across
Europe. Additionally, soil biological indicators will be
proposed. In particular, the distribution of beneficial
(e.g., symbiotic fungi) and detrimental (e.g., plant patho-
gens) soil-living organisms will be included in future
upgrades of the EUSO Soil Health Dashboard. Finally,

integrating soil contamination assessments
(e.g., pesticides, diffuse pollution) with impacts on soil
biodiversity and food security is among the future
research priorities of the EUSO.

Regarding soil monitoring, the EUSO will support MS
in establishing and operating national or regional moni-
toring systems and support them in ensuring an
exchange of harmonised information about the state of
soils, for their integration at the EU level. Ideally, the
future EU Soil Health Portal will include data from
national monitoring systems integrated with LUCAS top-
soil surveys.

In relation to the evolution of ESDAC 2.0, an
increased number of data flows from Soil Mission pro-
jects is foreseen within the next 6 years and operational
data flows from MS within the application of Soil
Monitoring Law. Finally, it is expected that new technical
developments in remote sensing (e.g., Copernicus Senti-
nel expansion programme from the European Space
Agency), spectroscopy and citizen science will contribute
to new pan-European datasets on soil properties.
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