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Summary

Within the EDAPHOS project, Task 2.2 was designed as a twsiream workflow for contaminated
sites that serves as a starting point for understanding the relationship between ecosystem
condition and the direction of site transformation needed to restore theapacity of land to deliver
environmental, social, and economic benefitsThis two-stream structure was intended to provide
a comprehensive picture of the current status of eaclCS, not only in terms of contamination and
ecosystem degradation, but also interms of the C S @&wder potential, shaped by its location,
environmental settings, and the broader context in which it is embeddedhe first Task2.2 work-
stream focuses on soil ecotoxicity and soil functia It provides a diagnostic baseline of the soil
system, capturing contaminationrelated hazard signals andsoil function limitations that are
relevant for remediation planning and for tracking recovery over time. The secoi@sk2.2 work-
stream addressesESS. It translates ecosystem state and lanetover structure into decision
relevant information on what restored site can provide under alternative rehabilitation and future
land-use trajectories. Together, these two perspectives enable a structured assessment of
whether naturebased solutions (NBS) lead to measurable gains in soil integrity and to an
improved capacity of regenerated ecosystems to generate benefits, while making constraints and
trade-offs explicit.

Deliverable D2.2 achieved in M18) reported the first consolidated results from WP2, Task 2.2

(  Acquiring eaamtnax iEcCScSI odiadlakt line wiMtbthe projectassumptions

it focused primarily on the initial condition of EDAPHOS soils under remediation by NBS, providing

early evidence on contaminatiorrelated hazards and soil health status. This baseline is essential,

because NBS performance can only be demonstrated credibby when the —starti:r
measured using consistent methods and comparable indicators.

Deliverable D2.5 is an updated and expanded version of D2.2. It complements the earlier reporting

by strengthening the second pillar of Task 2.%Zi.e., the ESS assessmet) and by framing results

in a way that directly supports planning choices, scenario comparison, and downstream valuation.

I n this sense, D2.5 does not repl ace Dwhatls; it e
the current soil conditior? °  what benefits can be expected from restoration and alternative
redevelopment pathways, and ha can these be compared transparentl¢ ° .

D2.5 presents the EDAPHOShe results of ESS assessmenas a harmonised, scenariebased

evidence base to support decisions on contaminated and degraded site$he main goal of D2.5

it to present (using the same approach across alCS), how NBS remediationsolutionand different
redevelopment options may affect environmental, social, and economic outcomes, by clearly
describing and comparing expected benefits, and tradeffs. To ensure traceability and

consistency across sites, D2.5 applies a shared analytd framework. Ecosystem types are

mapped using CORINE Land Cover, an&SSare identified and classified under CICES v5.2. The
results are summarised as structured service pr
scenario. This provides a clear baseline, supports transparent scenario comparison, and creates

a robustbasis for subsequent valuation and monitoring.

Task 2.2 results serve as a bridge between evidence generation and downstream use. It
incorporates inputs fromWP1 & WP3 (site characterisation, land status, level of contaminants,
etc.) and produces outputs that are directly usable in WP4 and WP5. The ESS profileovide a
defensible basis for valuation, integrated indices, and appraisal workflows in WP4, while WP5 uses
the same evidence base to support communication, stakeholder engagement, and uptake
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pat hways for NBS. D2.5 strengthens the project ®s
NBS as credible remediation and redevelopment pathways for contaminated and degraded land,
supported by traceable metrics and a clear monitoring logic over time.

Keywords

Ecosystem services Ecological indicators CICES/5.2, spatial planning, redevelopmenstrategies
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Abbreviations and acronyms

Acronym Description

AGB Above-ground biomass

AGBiInG ér;jngnal ri}r;gzrgzg)of aboveground biomass

CICES (égcr)r;r;;grlnntseérr]ﬁgggal Classification of

CLC CORINE Land Cover

CS Case Study

CVv Calorific value (GJ-@ d.m.)

DM Dry matte

EP Energy potential (GJ-has-yeard)

ESS Ecosystem Services

EU European Union

GIS Geographic Information System

HM Heavy Metals

IPCC Intergovernmental Panel on Climate Change

MAES Mapping gnd Assessment of Ecosystems anc
their Services

MEA Millenium Ecosystem Assessment

NAI Net Annual Increment

NBS Nature-based solutions

NFI National Forest Inventory

NIR Near InfraRed domain

NUTS2 Nomenclature of Territorial Units for Statistics

PV_groundmounted Photovoltaic

WP Work Package

OSM Open Street Map

Reference documents

Reference Title
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1 Ecosystem services in EUpolicies and international
practice

1.1 EUdirections on ecosystem restoration, soil recovery and degraded land
management

EU directions on ecosystemrestoration, soil recovery and degraded land management have

moved from a primarily pollutiorcontrol and liability paradigm towards a more explicitly restorative
andaoilhealtt orientati on, i n which soil -uUsaefficiendgyons, b
are treated as interdependent public goods. This shift is visible in the policy architecture linking

soil to ESS (e.g.carbon storage, water regulation, habitat provision and nutrient cyclingnd in

the growing emphasis on monitoring, indicators and land ke reduction as governance tools

[European Commission, 2021a; Martinho et al., 2024; Robinson et al., 2024].

A durable regulatory baseline is provided by environmental liability, water protection and industrial
permitting. The Environmental Liability Directive operationalises the polluipays principle
through duties to prevent and remedy environmental damagencéluding land damage where
contamination creates a significant risk to human health [Directive 2004/35/EC]. Industrial
emissions governance complements this preventive logic by constraining crossedia pollution
pathways and strengthening requirements thataffect soil and groundwater protection at
installations [Directive 2010/75/EU]. Water law provides the pathway lens: the Water Framework
Directive and the Groundwater Directive require objectives, monitoring and measures that make
soil degradation and comamination relevant beyond the site boundary, particularly where
groundwater and surface waters are threatened [Directive 2000/60/EC; Directive 2006/118/EC].
In practice, this supports a riskbased approach to degraded lang where remediation and
managemert are oriented to receptors and exposure pathways, rather than uniform removal
ambitions.

Biodiversity protection and restoration increasingly shape the direction of travel, shifting from
a constraint-based logic to an objectivebased logic. The Habitats and Birds Directives remain the
legal backbone for protecting habitats and species and for preventing deterioration in protected
sites [Council Directive 92/43/EEC; Directive 2009/147/EC]. Car the last decade, EU policy has
also elevated restoration as an explicit system goal, with a stronger emphasis on reversing
biodiversity loss and recoveng ecosystem functions across landscapes [European Commission,
2020]. Soil biodiversity has become more visible within this narrative, supported by monitoring
initiatives and datasets that make ecological condition more legible to policy and appraisal
[Orgiazzi et al., 2022; Zeiss et al., 2022]. The result is that soil recovery is no longer framed only
as a remediation problem, but as an enabling condition for biodiversity outcome3he Soil
Strategy for 2030 consolidates this shift by treating he al tshyas oa prerequi site
ESS and by signalling concrete actions around monitoring, indicators and governance
improvements [EC, 2021a]. The surrounding scientifiepolicy literature reinforces both the
rationale and the design challenges of this approach: analyses of EU soil legislation and policy
highlight fragmentation across instruments and the resulting need for more coheremntonitoring
and implementation pathways [Martinho et al., 2024], while longerm soil monitoring experience

is increasingly used to inform principles for robust, comparable soil health measurement across
regions [Robinson et al., 2024]. The proposed Soil Monitoring Law is widely discussed as

18



D2.5 Report oninitial ecotoxicity and

u"ﬂ EDAPHOS ecosystemservices assessment(upadted)
"
apotential stepc hange in the EU®s capacity to move from

for soil condition, including by standardising monitoring and improving comparability for policy
evaluation [European Commission, 2023; Kotschik et al., 2023; Whtbck et al., 2024].

T h ezero pollutior? framing strengthens the restorative I
exposure control, ecosystem protection and drinkingvater security. The EU Action Plan towards

zero pollution positions soil as a central battleground and reinforces integrated, cregslicy

governance for prevention, remediation and monitoring [European Commission, 2021b]. This is

also where degraded landmanagement, brownfields and contaminated sites become especially

salient In these cases restoration is expested to be compatible with controls that prevent

pollutant mobilisation and protect receptors, with monitoring obligations functioning as a core

credibility mechanism [Directive 2000/60/EC; Directive 2006/118/EC; European Commission,

2021b].

Land take reduction and the brownfielefirst logic represent the most direct bridge between
restoration priorities and spati aro net landdaked p me n't
(articulated in the resourceefficiency agenda) underpins subsequent debates on soil sealing,
urban expansion and prioritising the reuse of alreadiaken land over greenfield conversion
[European Commission, 2011]. While the land take objective is not) itselfa binding prohibition,

it operates as a strategic constraint tha supports brownfield redevelopment as a preferred
pathway where feasible, particularly when coupled with assessment and permitting tools.
Procedural planning instruments make these objectives operational. The EIA Directive (as
amended) strengthens the assessment of effects on soil, land and biodiversity, helping to structure
alternatives analysis and mitigation design for projects, includinthose on contaminated or
previously used sites [Directive 2011/92/EU]. The SEA Directive performs a similar function at
plan and programme level, ensuring that soil sealing, land take and ecosystem impacts are
considered earlier, when strategic land alloations and restoration priorities can still be adjusted
[Directive 2001/42/EC]. These mechanismsare important for evaluation because theyequire a
clear and transparent descriptionof baseline conditions, likely significant effects, mitigation
measures monitoring plans, and residual riskskey elements for judgingwhether restoration
claims are credible in practice.

Climate and sustainable finance governance increasingly reinforces this direction. The European
Climate Law strengthens the salience of land and soil in climate mitigation and resilience
[Regulation (EU) 2021/1119]. The EU Taxonomy adds an investment govence layer through

sustainabil ity dolna signifitantcharbi o@ x paencdt at i ons, whi ch
demonstrable safeguards and monitoring for activities affecting soil, biodiversity and pollution
pathways [Regulation (EU) 2020/852]. In parallel t he EU®s soi | policy sc

including the EU Soil Observatory, is increasingly framed as a mechanism to translate restoration
and soithealth objectives into measurable indicators and consistent evidence bases for policy and
finance [Pamgos et al., 2024; Robinson et al., 2024].

Within this architecture, Naturebased Solutions(NBS) are increasingly promoted as legitimate
pathways to ecosystem recovery, but they remain conditional rather than universal. Policy and
legal duties require that exposure pathways and lorterm monitoring are addressed, particularly
on contaminated land, andthat restoration measures do not shift burdens to water bodies or
protected habitats [Directive 2004/35/EC; Directive 2000/60/EC; Council Directive 92/43/EEC].
The scholarly discussion on NBS in EU etronmental governance similarly stresses that uptake
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depends on regulatory acceptability, evidence of performance and careful alignment with
permitting and risk management [Fermeglia & Perisic, 2023; Zeiss et al., 2022]. In evaluation
terms, the practical implication is clearESScan be used as a planning and appraisal language,

but only where claims are tied to indicators, monitoring design and compliance constraints that
reflect EU law and the strategic trajectory towards healthier soils, reduced land take and
recovered ecosystems [EC, 2021a; EC, 2021b; Regulation (EU) 2020/852].

1.2 Ecosystem services in spatial planning for degraded and jpodustrial

sites
ESSare most useful in spatial planning when they act as a shared evidence language between
di sciplines t hspeakdd oncetacrhatourhelrl.y That i s pr

and postindustrial sites. Here, planning decisions sit at the intersection of land condition (including
soils, groundwater sensitivity and legacy contamination), urban development pressure, apdblic
expectations regarding safety, fairness and longerm quality of place. The ES framing helps to
connect these dimensons without forcing planners to reduce everything to a single metric. It
translates ecological functioning into outcomes that decisiemakers routinely have to weigh
cooling and shade during heatwaves, infiltration and flood buffering, habitat supportcreational
access, and the everyday experience of living near a site that used to be industridhis matters
because brownfields are not empty canvases. The evidence shows that pestdustrial landscapes

c an huareatisedecological potentia? a n sbme cases, carry meaningful biodiversity and
service capacity even where assemblages are
al., 2022; Jacek et al., 2022]. In planning terms, this shifts the baseline. A credible redevelopment
conversation cannot st ar t bdforeomthiray, aftei berefitsi st 1 € must
services already exist, what constraints limit them, and what would be lost or gained under each
redevelopment pathway. ES assessment offers a structured way to ask those questions while
remaining compatible with real planning documents.

Planning on postindustrial sites often separates surfacdevel ambitions from subsurface realities.
Contamination and unfavourable groundwater conditions are frequently treated as technical
issues to be addressed after future land use has already been deéd. This approach is risky.
When subsurface constraints are not considered early, landse options with high potential for
regulating and cultural servicese.g. such as green space that reduces heat stress and supports
water retention may be excluded ly default or become costly to implement once the design is
fixed. [RodriguezEspinosa et al., 2021; Martinat et al., 2016].The ESS perspective does not
replace legal obligations or engineering constraints. It requires early, explicit statements on what
the land is expected to deliver for people and nature, and on which risks and constraints must be
respected. Tradeoffs are thereforemade transparent and intentional rather than incidental.

The ESS approach also strengthens the quality of scenario thinkingRedevelopment of

contaminatedsitesi s al mo st ndewelepornatdevelofip ldeeci si on. |t
between bundles of land use, remediation pathway and lorggrm management obligations. The
‘softreuse® | i teratur e de-buidtigreen uses carsoptimiseaviluenparticularly

where sealing is avoided and where the site can deliver benefits while remaining manageable
under residual constraints [Bardos et al., 2@6]. Work on phytomanagement and practical
contaminant management similarly shows that some strategies can manage risks while enabling
wider benefits, although suitability is always sitepecific and depends on governance and
monitoring [Cundy et al., 2014. Crucially, the literature also legitimises an option that planning
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sometimes struggles to treat as a genuine alternative: allowing succession or partial ron

intervention, where it produces strong ecological and social outcomes [Haase, 2021; Merwin et

al.,,2022].ESSf r ami ng hel ps because it allows do |
dismissed as inaction.

Where ESS becomes especially practical is in making comparisons defensible. Planning
processes often require alternatives assessment in one form or another, and even where the
met hod i s ecosystemcsanliceSe,d t he | ogic is familiar:
alternatives, identify significant effects, propose mitigation, and commit to monitoring [Directive
2011/92/EU; Directive 2001/42/EC]. ES assessment aligns naturally with this logic because it
promotes the use of indicators that can be aplied consistently across scenarios. It also provides
a more honest way to handle valuation. The evidence base you provided supports the view that
economic inputs can help, but that value is plural and contested, especially for green infrastructure
and nature-based outcomes [Ameller et al., 2019; Haase et al., 2017; Zhong et al., 2020]. In
practice, this means that good planning does not pretend that one number resolves a complex
choice. It makes the criteria visible, documents the assumptions, and uses $@holder-informed
judgement where tradeoffs are real.Another planningrelevant advantage is communication and
legitimacy. Projects fail not only because they are technically weak, but because the public cannot
see what the project is for, or because benefits are perceived as unevenly distributed. Evidence
from co-creation and from operational monitoring practice shows that structured engagement and
transparent performance tracking can support multifunctional outcomes and social acceptance
over long redevdopment timelines [Kabisch, 2019; Laprise et al., 2018]. At the same time, the
literature also makes clear that greening can carry equity risks, including eagentrification
dynamics, if the distribution of benefits and burdens is not managed [Haase et,&017; Zheng &
Masrabaye, 2023]. An ESS lens can help here by clarifying who gains access to services (cooler
streets, accessible parks, safer environments), and where burdens may fall, but only if planners
are willing to treat distribution as part of theappraisal rather than a peripheral social issuef-or
planners and decisionmakers, the real test is whether ES produces planning artefacts that can
travel through local plans, redevelopment strategies, and assessment documents. In this context,
ESS is most defensible when it results in a small set of tangible outputs:

ess®

de s

A a clear sétracemdilenef the site, including soils,

or informal use, and known constraints linked to contamination and water pathways
[RodriguezEspinosa et al., 2021; Palliwoda et al., 2020; Directive 2000/60/EC];

A a set of scenarios that describe not only end use but also the remediation and
management logic that makes that end use credible over time [Bardos et al., 2016; Cundy
et al., 2016; Martinat et al., 2016];

A atransparent comparison basis, typically indicateled and often supported by structured
appraisal tools, so that the decision can be explained and audited rather than asserted
[Bardos et al., 2020; Bartke et al., 2016];

A a monitoring and communication plan that treats sustainability claims as commitments to
be checked, adjusted and reported, not as oneff promises [Laprise et al., 2018;
Cahantimur et al., 2010].

The EDAPHOSESS approach responds directly to the planning problem described above. It

provides the infrastructure needrmulipletbenefit§sovteo f r or

evidence that can support real decisions under uncertainty: decisions that must be safe,
explainable, and durable across time horizons and stakeholders [Zhong et al., 2020; Bardos et
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al., 2020; Robinson et al., 2024]. In other words, ecosystem services add value not because they
introduce new concepts, but because they strengthen the discipline of planning: making
alternatives comparable, making tradeoffs explicit, and keeping outcoms visible long after the
ribbon cutting.
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2 Ecosystemservicesassessment in the EDAPH@8 0ject

2.1 Context and justification foESS assessment and valuation within
EDAPHOS

Within the EDAPHOS projectESSand ESS valuation are used to make the benefits of NBS on
degraded postindustrial and postmining sites visible, comparable and usable in decisions
Therefore remediationshould not onlybe treated as atechnical response to legacy pressuredut
alsoas an opportunity to restore soil and ecosystem functions that support biodiversity and human
wellbeing. ESS framing helps to express that wider value in a way that planners, regulators, land
managers and local communities can understand, without relyingona g u e c lgeenimg o f
oraddedvalue [ Wang, 2022; Seddon et al., 2020].

This approach is consistent with the direction of EU policy and regulation, which increasingly
expects land management choices to be evidencéed, monitored and defensible. Soil health,
ecosystem recovery and landuse efficiency are now treated as interdepndent public goods,
supported by stronger emphasis on indicators, monitoring and land take reduction [European
Commission, 2011; European Commission, 2021a; Robinson et al., 2024]. At the same time, the
regulatory baseline for degraded land remains firmlsisk- and pathway-oriented. Environmental
liability focuses on preventing and remedying environmental damage, including land damage
where contamination creates significant risks to human health [Directive 2004/35/EC]. Water
protection requires objectivesmonitoring and measures that make pollutaniobilizationand soil
water interactions relevant beyond the site boundary, especially where groundwater and surface
waters may be affected [Directive 2000/60/EC; Directive 2006/118/EC]. Planning procedures
reinforce the same logic: baseline conditions, alternatives, mitigation and monitoring are central
both at project and plan level, creating a clear demand for traceable evidence on expected
outcomes [Directive 2011/92/EU; Directive 2001/42/EC]. In this contextESS assessment
functions as an evidence bridge linking ecological recovery to measurable outcomes that can be
tested against constraints, documented in appraisal, and followed up through monitoring.

In practical terms,ESS analysis in EDAPHOS supports consistent recognition and quantification
of ecosystem contributions across environmental, social and economic dimension§hese
include, for example, changes in soitelated functions, carbonrelated benefits, airquality
regulation, and the provision of spaces with recreational and social value. By making these effects
explicit and comparable through the analyses performeth Task 2.2, the project strengthens the
evidence base for NBShased remediation pathways, includingo-benefits that are often assumed
but rarely demonstrated in a consistent format [Lai & Zoppi, 2024; Debele et al., 2023; Seddon et
al., 2020]. This is particularly important on degraded land, where decisions involve traadfs
between risk management, lad-use options and longterm stewardship, and where stakeholders
may value outcomes differently.ESS valuation complementsthat assessment by supporting
integration into planning and decisiormaking. It helps to express the value of restored ecosystem
functions in ways that decision processes can use, especially when choices must balance
environmental protection with future development opportunities. Valuation is treated here as a
decision-support layer rather than asingle decisive metric. It provides a structured basis for
discussing tradeoffs and longerterm benefits across landuse pathways, while recognising that
different valuation approaches illuminate different aspects of value (economic, social, ecological,
deliberative) [IPBES, 2012; Geneletti edl., 2018; Geneletti et al., 2020]. In EDAPHOS, the current
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focus is on evaluating and scaling ESS potential consistently across sites. Monetisation,
valorisation and guidance for uptake into business models will be developed in subsequent work
within WP4 and WP5.

Finally, ESS assessment supports restoration and conservation by evidencing what is gained
through ecosystem recovery and by making the case for investment in NBS more concreti
practical terms, it helps demonstrate how remediation choices can contribute to resilience and
wellbeing in the places where people live and work, while remaining compatible with regulatory
duties and planning constraints that require transparency, onitoring and accountability [Baill et
al., 2021; Directive 2004/35/EC; EuropearCommission, 2021a].

2.2 jectives of the EDAPHGCS ecosystem services assessment

Main objective

The assessment of ESS within the EDAPHOS project is designed to provide a structured
understanding of how naturebased remediation and redevelopment processes influence
environmental, social, and economic outcomes across contaminated and degraded sites. By
applying a consistent analytical framework across altase studies (CS), the ESS assessment
supports the identification, classification, and evaluation of ecosystem contributions emerging
from site restoration processes.

A key objective of the ESS assessment is to identify and classify ecosystem services using the
CICES framework, supported by spatial delineation of ecosystem types based on CORINE Land
Cover data. This approach enables the systematic mapping of ecosystenharacteristics within
study areas and provides a basis for selecting appropriate indicators reflecting ecosystem
functions and contributions to human welbeing.

Another important objective is to quantify ecosystem contributions through the collection of
relevant environmental data across allCS. This includes measurements such as biomass
production to support the assessment of provisioning services and soil parameters to inform
regulating and maintenance services. By integrating quantitative data with scenafimsed
analysis, the project aims tocapture interactions between ecosystem processes and societal
benefits under different redevelopment pathways. The ESS s&ssment also supports the
evaluation of future landuse scenarios by considering local soil conditions and key contextual
factors influencing redevelopment, such as legal requirements, land use constraints, and
accessibility. Through scenariebased analyss, the project evaluates the potential of restored sites
to deliver ESS under different redevelopment options, including natuteased recreational use or
renewable energy production.

A main objective of this work is to make the value &SSmore visible and measurable, thereby
strengthening the evidence base for decisioimaking. By assessing ecosystem contributions
across environmental, social, and economic dimensions, the ESS framework helps to understand
how remediation strategies can supprt sustainable land management and longerm site
regeneration. The ESS assessment provides also a foundation for subsequent valuation activities
by identifying and scaling ecosystem service poteral across sites. While some changes iftESS
may extend beyond the project timeframe, the scenaribased approach allows the project to
estimate the potential benefits associated with the restoration of soil functions and the recovery of
ecosystem processes.
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GOALS @' ESS ANALYSIS PROCESS
GOAL 1 @ Evaluating Potential of g

Soil Remediation

Assessing how remediation of degraded
areas can transform them into valuable
habitats providing ecosystem services.

Understanding |
and Quantifying

the Value of
Ecosystem
Services

GOAL 2

Supporting Identifying ESS Indicators
Sustainable @

Delineating, categorizing, and mappin
Development Bicales g pping

ecosystem types based on CORINE Land
Cover data and selecting relevant
indicators for ESS assessment.

GOAL 3

Incorporating
Ecosystem

Gathering
Quantitative Data

Services into
Decision-Making

Collecting key environmental and
soil data to quantify provisioning,
regulating and cultural ecosystem

Evaluating Benefits vs. Costs

Promoting
Conservation
Efforts

Comparing outcomes of different

redevelopment scenarios to determine
which provide the greatest benefits
relative to their costs.

\=a g

Figurel Main goals of ESS assessment within EDAPHOS projef@ource: OpenAl].
Specific objective

The ESS assessment in the EDAPHOS project aims to provide a clear and evideruased
understanding of how remediation processes based on NBS methods generate ecosystem
benefits, support the comparison of redevelopment scenarios, and reinforce the role BSSin
sustainable site regeneratior(Figure1). Additionally, the results of the ESS assessment carried out
within Task 2.2 (and further continued within WP4 &V/P5) are intended to serve as a practical
decision-support tool for stakeholders and decisiormakers involved in planning, supervising, and
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implementing activities across individual CS. By translating analytical results into structured and
comparable information, the assessment helps inform decisions related to land use, remediation
strategies, and future site development. The results of Task.2 will serve as a direct input to
parallel activities within EDAPHOS project, particularly Tasks 4.2 and Task 5.2, where they will be
further used for monetisation, valorisation, and integration into decisiemaking processes. In this
context, the outputs are designed to be directly usable by landowners and land managers
responsible for scenario approval and for defining system boundaries, as well as by stakeholders
involved in planning and implementation. In this way, the results from Task 2.2 provideractical
knowledge base that supports subsequent analytical works across the project

2.3 Scope of the analysis

The ESS assessment within the EDAPHOS project is conducted across all seven CS, ensuring
a consistent analytical approach across different geographical and environmental contexts. For
each CS, the ESS analysis is performed for three alternative future latnde scenarios
representing potential redevelopment pathways, including NBS, enabling compson of ESS
provision under different site futures. A harmonised methodological framework is applied across
all Cs, following a common workflow described in Sectiod.1. This approach supports the
comparability of results across all sites.

For each scenario the ESS assessment is carried out across the full set of selected E&&icators,
enabling the identification of services most relevant under different redevelopment options and
providing a basis for comparing alternative landise pathways. The detailed scope of analytical
activities and methodological procedures is presented in Sectiod [4.2; 4.3]. The table below
(Table 1) provides references to the sections 0D2.5 where detailed ESS analysis for eaclES is
presented.

Tablel Reference guide to ESS analysis sections by CS

S CSS CSname Site characteristic ESS assessment
1 csi Carriéres sous Poissy (FR) Section 5.1(Subsection Section 6.1 (Subsection 6.1.1-
5.1.1) 6.1.7)
. Section 5.1 (Subsection Section 6.2 (Subsection 6.2.1-
2 CS2 Kozani (GR) 5.1.2) 6.2.7)
3 cs3 Odiel Basin Area (ESSP) Section 5.1(Subsection Section 6.3 (Subsection 6.3.1-
5.1.3) 6.3.7)
4 csa Upper Silesia Coal Basin (PL) Section 5.1(Subsection Section 6.4 (Subsection 6.4.1-
5.1.4) 6.4.7)
Section 5.1(Subsection Section 6.5 (Subsection 6.5.1-
5 CS5  Castelvetro (IT) 5.1.5) 6.5.7)
. Section 5.1(Subsection Section 6.6 (Subsection 6.6.1-
6 CS6 Vieus_Charmont (FR) 5.1.6) 6.6.7)
. Section 5.1(Subsection Section 6.7 (Subsection 6.7.1-
7 CS7 Lavrio (GR) 5.1.7) 6.7.7)

2.4 Potential arget users

The ESS results are primarily intended to demonstrate the value of applyilNBS remediation
techniquesand rehabilitation approaches, by making their benefits visible and comparable. At the
same time, the analysis also shows how different future langse options may generate different
bundles of ESS and co-benefits. In this way, the results support selecting site regeneration
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strategies and help identify options that deliver the highest overall benefits across the EDAPHOS
CS. Alist of potential target users of the results, together with a brief justification on their relevance
for each group is provided belowand in Figure 2:

A Landowners and land managers- responsible for defining redevelopment options,
approving scenarios, and managing site operationanembers of this groupcan use ESS
results to better understand the environmental and economic implications of alternative
land-use pathways.

A Urban and regional planners- ESS assessment provides clear evidence that can guide
spatial planning and zoning decisionsand helps incorporate ecosysterbased
approaches into landuse planning policies and practice

A Environmental authorities and regulators public authoritiesresponsible for environmental
protection and permitting can use ESS results to compare remediation options, support
permitting decisions, and check whether proposed actions meet environmental objectives
and compliance requirement

A Policy makers and public administrations ESS valuation helps design and justify policies
and strategies that support sustainable land management, use dfBS in remediation
processesand the regeneration of brownfield sites.

A Project developers and investorsprivate sector actors involved in redevelopment can use
ESS results to compare different redevelopment options, understand their lostgrm value
and co-benefits, and make betterinformed investment decisions.

A Local communities and civil society organisations ESS assessment helps explain, in a
clear way, the environmental and social benefits that site regeneration can deliver. This
supports stakeholder engagement and makes decisiemaking more transparent.

A Researchers and scientific communitythe results contribute to advancing knowledge on
ESSin the context of contaminated land remediation ant\BS.
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R&D sector
representatives
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Figure 2 Potential stakeholders and beneficiaries of ESS valuation results within the EDAPHOS
project [Source:OpenAl].
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3 Methodological framework for ESS assessment and
valuation

3.1 EUand international frameworks for ecosystem services assessment and
valuation

Historical development and chronology

The concept of ESS emerged from the recognition that human welbeing is fundamentally
dependent on ecological systems and the functions they perforrfLongato et al., 202L]. Over
time, the understanding of these services has evolved from a primarily ecological perspective
toward integrated ecologicatleconomic frameworks aimed at supporting decisiommaking, policy
development, and environmental managemen(Figure 3). Today, ESS valuation is widely used
across science, policy, and planning to provide structured evidence on the benefits provided by
ecosystems[EC, 2011, 2019], [IPBES, 2012}

Chronology of key milestones 1960s-1970s - Early beginningsof ESS
Early research emphasized that nature
19605—1970s provides essential functions supporting
---------------- Early Beginnings human survival, although the term
. » Nature provides “services” - ecos y S t em serv | ce
« Mainly ecological focus . . .
used. The focus during this period
19805—1990s ; remained largely ecological, with limitec
Growing Recognition 3 Brosrrmrnreee economic framing.

« Term ecosystem services

« Initial economic valuation

1997 1980s-1990s - Growing recognition of
Costanza et al. ESS

---------------- at ‘7 Landmark Publication

b Globalvaliarestimatea The term ESS began to appear in

+ Mainstream science anndpolicy. gejentific  literature, accompanied by
increasing awareness of the link
between environmental protection and

eige ZCI0 human weltbeing. Initial attempts were

The Economics of Ecosystems . .

and Biodiversity (TEEB) made to assign economic value to

2000-2005

Millennium Ecosystem
Assessment (MEA)
UN global assessment

Four service categories

) QY UN gobal assessment ecosystem functions to strengthen
Since 2010 « Four service categories i
. - arguments for conservation.
The Economics &
of Ecosystems and | — 1997 - Costanza et al. landmark
Blod.lversny (TEEB) 2 publlcatlon
Economic value of . 2018 K .
biodiversity Policies CICES 51—5.2 The publication-The val ue o
wdpitnes § Standardized classification ecosystem services and natural capitdl

* Tool for valuation & accounting  @stimated the global value ofESS at
trillions of dollars annually, bringing the
topic into mainstream scientific and
policy discourse[Costanza, 1997].

Currently ®
®-... Widespread application

Figure3 Development of ESS Valuation.

2000 - 2005 - Millennium Ecosystem Assessment (MEA)
The Millennium Ecosystem Assessment, a global UN initiative, classifiE®Sinto four categories:
provisioning, regulating, supporting, and cultural. The assessment demonstrated the direct link
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between ESS and human wellbeing, providing a conceptual foundation for subsequent
frameworks[MEA, 2025].

Since 2010- The Economics of Ecosystems and Biodiversity (TEEB)

TEEB highlighted the global economic benefits of biodiversity and aimed to promote better
understanding of the true economic value 0ESS as well as the growing costs of biodiversity loss.
The initiative seeks to provide economic tools and policy guidance to integrate ecosystem values
into decisionrmaking [TEEB, 2013]

2018 - CICES 5.1 (updated to CICES v5.2)

The Common International Classificatio®ystemof ESSintroduced a standardized framework for
classifying ESS and supporting measurement and valuation. The classification defines ESS as
contributions that ecosystems make to human welbeing and provides a hierarchical structure to
enable consistent analysisand comparison [CICES, 2025].

Current status

Today, ESS frameworks are widely applied in policy, research, urban planning, and business.
Valuation tools continue to evolve through spatial mapping, modelling, and integrated assessment
approaches, with increasing attention not only to economic valuesub also to social and cultural
dimensions.

Overview ofmajor ESS ssessmentpproaches

Different international frameworks are currently used to assess and vallEsS While they share
acommon objective to provide transparent, decisionrelevant evidence they differ in
methodological emphasis, scope, and intended application The main distinctions are
characterized below.

A CICES (Common International Classification of Ecosystem Services)
CICES provides a standardized classification system designed to support measurement,
assessment, and valuation of ESS. It focuses on definifgSSas contributions to human
wellbeing arising from ecosystem processes and offers a hierarchical structure that
enables comparison across studies and policy contexts [CICES, 2025]. The framework is
particularly useful as a reference classification becausdé allows translation between
different ESS typologies and supports indicator development, mapping, and valuati
exercises.
Key distinguishing featureA classification and structuring tool that facilitates comparability
and consistency across assessments.

A EU MAES (Mapping and Assessment of Ecosystems and their Services)
The MAES initiative was established to support EU Member States in mapping and
assessing ecosystems and their services, providing a consistent evidence base for policy
and planning. The approach emphasizes spatial assessment and integration into policy
frameworks, particularly within biodiversity and environmental strategidMMAES. 2020].
Key distinguishing feature:Strong focus on spatial mapping and policy implementation
within the EU context.

A System of EnvironmentaEcosystem Accounting (SEEA EA)

SEEA EA is an international statistical standard adopted by the United Nations Statistical
Commission that provides an integrated framework for organizing environmental and
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economic data. It supports measurement of ESS, tracking changes in ecosystem assets,
and linking ecosystem information to economic activity and national accounts. The
framework represents a major step toward incorporating ESS into national accounting
systems and policy evaluation, emphasizing coherence with economic statistics and the
environmenteconomy nexus.

Key distinguishing featureA statistical accounting framework integrating=SSinto national
economic accounts.

A TEEB (The Economics of Ecosystems and Biodiversity)
TEEB focuses on highlighting the economic value of biodiversity ai€5S and providing
practical tools for incorporating these values into decisiomaking. It analyses valuation
case studies and promotes economic approaches to demonstrate the benefits of
conservation and the costs of ecosystem degradation
Key distinguishing feature Strong emphasis on economic valuation and policy relevance
[TEEB, 2015].

Examples ofESSprovided by trees in urban areas are presented in the figure belo#igure 4).

Carbon sequestration capacity /
Oxygen production capacity

[ - 1
Airbone pollutant capture

Providing habitat for honey bees
capacity (e.g. dust, PM)

and other pollinators

Native tree species to maximise
bi sity and promote a
healthy ecosystem

L

. Improving local residents’ living
conditions through better
environmental quality, health
protection, and ecological benefit

s

Maintaining good soil
environmental condition

Supporting water retention
processes and enhancing urban
adaptive capacity, particularly in
the context of climate change

: D WL : 71 4 adaptation strategies

Access to green spaces for local
communities

Figure4 Example ofESSprovided in urban landscapegSource: OpenAl].

3.2 ESSdefinitions and categories

ESS definition

As described in the previous sections(Section 3.1) the ESSfield has developed through several
complementary frameworks (e.g. NEA, TEEB, CICES, SEEA EA). These approaches share a
common purpose, but they operationalize the concept in slightly different waysigure5). This is
also visible in ESS definitions: some describe goods and services, others describe benefits, and
newer classifications distinguish ecosystem contributions from the benefits delivered to people
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Costanza et al. (1997) Millennium Ecosystem CICES v5.2
Assessment (2006)

Ecosystem services are
the goods and services
provided by ecosystems

EDAPHOS

\__

Ecosystem services are
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ecosystems make to

Ecosystem services are
the benefits people ob-
tain from ecosystems,

to humans. organized into provisio- hf.ant\an well-being,
hingaes lating suppoe distinct from the goods
@ e Hig and clltira sefvices and benefits that people

g subsequently derive

o PN from them. N
" - "Ei;

The various benefits that
humans derive from ecosystems

Interconnected living and non-living
components of the natural environment provide
benefits such as crop pollination, clean air and

water, waste decomposition, and flood control.

For the purposes of the EDAPHOS project, ESS are understood as:

The various benefits that humans derive from ecosystems.
Interconnected living and non-living components of the natural
environment provide benefits such as crop pollination,

clean air and water, waste decomposition, and flood control.

Figure5 Various ESS definitions integrated into one common EDAPHQOS approafBource: OpenAl].

Differences in definitions mainly reflect the focus of each framework. Valuation and policy
approaches usually emphasize the benefits people receive, while classification frameworks aim
for conceptual clarity by distinguishing ecosystem contributions from the benefiderived from
them. In thisdeliverable (D2.5) the ESSconcept is used in a broad and practical sense, focusing
on the benefits people obtain from ecosystems

ESS categories according to MEA

ESSrefersto the various benefits that humans derive from ecosystemsor better understanding
the ESS are commonly grouped into categories based on the type of benefits they provide to
society. The most widely used classification, developed through thdEA, distinguishes four main
categories: provisioning, regulating, cultural, and supporting servicesvhich are described below
(Figures).

A Provisioning servicesare the tangible products obtained from ecosystems and are often
referred to as ecosystem goods. They include food (such as crops, seafood, wild foods,
and spices), raw materials (e.g., timber, fuelwood, and organic matter), genetic resources
used in agrculture and medicine, biogenic minerals, medicinal resources, energy sources
such as biomass and hydropower, and ornamental resources. These services directly
support human livelihoods and economic activities
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A Regulating servicesare the benefits obtained from the natural regulation of ecosystem
processes. They include air and water purification, climate regulation through carbon
sequestration, waste decomposition and detoxification, biological control of pests and
diseases, polliration of crops, and protection against natural hazards such as floods.
These services play a crucial role in maintaining environmental stability and reducing risks
to human societies.

A Cultural services encompass the nonmaterial benefits that people gain from nature.
These include inspiration in art and culture, spiritual and historical values, recreation and
tourism, education and scientific discovery, as well as therapeutic benefits such as
ecotherapy and animalassisted activities. Cultural services contribute to human well
being by supporting mental health, cultural identity, and social cohesion.

A Supporting servicesare the fundamental ecological processes that enable all othéfSS
to exist. They typically have indirect and longerm impacts on humans and include nutrient
cycling, primary production,soilformation, and habitat provision. By sustaining ecosystem
functioning, supporting services ensure the continued delivery of provisioning, regulating,
and cultural benefitsfMEA, 2005].

PROVISIONING REGULATING CULTURAL SUPPORTING
SERVICES SERVICES SERVICES SERVICES
. S P
A , ¥ @b

» s e
N § o

Provisioning Regulating Cultural Supporting
Services Services Services Services

e Food e Air & water e Recreation e Nutrient

o Raw materials purification & tourism cycling

e Medicinal e Climate e Education e Primary
resources regulation « Spiritual production

e Energy * Waste values e Soil formation

A decomposition i

e Genetic = o Hablrgt

resources e Pollination provision

Figure6 Categories of ESS according to the Millennium Ecosystem AssessmeMEA, 2005] [Source:
OpenAl].

ESS categories according to CICES

The MEA introduced a widely used framework thatdistinguishes four categories of ESS
provisioning, regulating, cultural, and supporting services. In contrast, CICES adopts a different
conceptual approach. Rather than including supporting services as a separate category, CICES
focuses on finalESS defined as the contributions that ecosystems make directly to human well
being. Supporting ecological processes are therefore treated as underlying ecosystem functions
rather than services themselvegCICES, 2025]

Therefore, CICES is designed as a hierarchical reference classification that allovisSS to be
measured, assessed, and compared across different analytical contexts, while maintaining
conceptual clarity between ecosystem processes, services, goods, and benefits. At the highest
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level, CICES groupsESSinto three main groups (Figure 7). Those sctions are based on the type
of contribution ecosystems make to human welbeing:

A Provisioningservices refers to ecosystem contributions that meet material and energy
needs. They represent outputs such as biomass or other ecosysteqterived materials
that can be used directly or processed furtherAccording to the guidance, these services
relate to the provisioning of material and energy needs and are defined by ecosystem
attributes that enable their use by people.

Key characteristic:direct material contributions derived from ecosystems.

A Regulation and Maintenances include ecosystem contributions that regulate
environmental conditions and maintain ecosystem functioning in ways that affect human
health, safety, and comfort.CICES guidelinesinclude processes such as mediation of
wastes, regulation of water flows, erosion control, and maintenance of soil quality.

Key characteristic indirect contributions through regulation of environmental processes.

A Cultural services refer to the noamaterial contributions of ecosystems that influence
peopl e®s physi caThe casgificatior descebles thede ag cendributions
linked to interactions with ecosystems that provide experiential, symbolic, or intellectual
benefits.

Key characteristic:non-material contributions affecting human experience and welieing
[CICES, 2025].

Regulation and Maintenance Cultural

Provisioning Regulation and Maintenance Cultural

e Material contributions e Indirect contributions regulating e Non-material
from ecosystems environmental conditions contributions

e Biomass & other e Biophysical functions & processes e Experiential, symbolic,
natural resources e Examples: water flows, erosion control, intellectual benefits

e Examples: food, soil quality e Examples: recreation,
raw materials, energy spiritual values

Figure 7 Categories of ESS according to the CICES approacfCICES, 2025] [Source: OpenAl}]

CICES emphasizes thatESS should be understood within the cascade model, which links

ecosystem structures and processes to services, goods, and benefits. The guidance highlights
that:

A services retain a connection to underlying ecosystem functions arstructures,

A services give rise to goods and benefits once theproduction boundary’ is crossed,

A asingle ecosystem function may contribute to multiple services, and services may depend
on multiple functions.

Importantly, CICES does not treat supporting ecological processes (e.g., nutrient cycling) as
individual ESS.Instead, these processes are seen as the underlying mechanisms that enable
services, rather than direct contributions to human welbeing. CICES v5.2 provides a
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conceptually precise classification focused on findESS and their direct contributions to human
wellbeing (Figure8). Unlike the MEA framework, which includes supporting services as a separate
category, CICES groups services into three main sectiongprovisioning, regulation and
maintenance, and cultura) while treating underlying ecological processes as part of ecosystem
functioning rather than services themselves.

i ClC]égCascade Mode] %

Ecosy stem Structupes & Processes 8 Connected to
— ——  Ecosystem Functions

E—E—C()sy:l-e;\ Se?vnces = K i
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" Goods & Beneﬁts ! ;"7 One Function, A
- T Many Services
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Figure8 The CICES cascade mode[CICES, 2025] [Source: OpenAl].

3.3 CICES as aeference classificatiofor the EDAPHOS project

e

CICES provides a structured and internationally recognised framework for identifying, organising,
and reporting ESS. The guidance presents CICES as a reference classification that supports
consistent assessment and comparability across analytical and pojiccontexts, based on the
cascade logic linking ecosystem structures and processes to services, and further to goods and
benefits. Within the EDAPHQOS project, a scenaribased and indicatordriven approach was
adopted during the analytical work within WP2WP4 & WP5 (Task 2.2; Task 4.2; Task 5.2) to
ensure that results respond to decisiormaking needs across CS. In this context, CICES proved
to be the most coherent and practical framework for organising ESS, structuring indicator
selection, and ensuring thatesults remain comparable across scenarios and sites. Its hierarchical
structure and clear terminology provided aonsistent foundation for organising evidence and
preparing results for subsequent valuation steps.

Following the logic of the CICES guidance, EDAPHO&dopted a clear step-by-step approach
(Figure 9) that ensures transparent assessment and provides a traceable route from mapping to
valuation:
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A maps ecosystem types and define system boundaries;
A selects or develops indicators capturing ecosystem contributions;
A assesses ESSunder alternative scenarios;
A compiles results as an evidence base for valuation and further monetization (WP4, Task

4.2).

Map Ecosystem Types

Structured workflow

* adapted from CICES >
consistent and organized
assessment of ecosystem services

Use result as an evidence base for
valuation and monetisation.

Figure9 ESS assessment approach based on CICES 5.2 adapted within EDAPHOS WP2 (Task 2.2)
[CICES, 2025][Source: OpenAl}

The adopted workflow reflects the role of CICES as a practical reference structure for indicator
based assessment and systematic organisation dESS information. As mentioned in previous
section (section 3.2) CICES defineseSS as the contribution ecosystems make to human well
being and distinguishes these from goods and benefits derived later. This framing is particularly
valuable in EDAPHOS, because it enables consistent description and quantification of ecosystem
contributions across redevelopment variard, while avoiding conceptual ambiguity between
functions, services, and subsequent benefits. The results of the ESS assessment performed within
Task 2.2 may provide valuable insights for groups directly engaged in scenario definition,
assessment, and downsream valuation work, including CS Leaders, landowners and land
managers, planning stakeholders involved in approving scenarios and defining boundaries as well
as experts andstakeholdei® engagement processes, where CICES supports the organisation of
views and evidence.Within Task 2.2, EDAPHOS project applies the CICES v5.2 methodology for
ESS assessment. This framework offers a consistent and transparent basis for scenaliased,
indicator-driven analysis. It also provides a clear pathway from assessment to valuatiofihis
approach supports methodological coherence and clearer interpretation. It also improves
comparability of results across case studies and scenarios.

3.4 ESS selected for the assessment

The selection of ESS was based on the CICES v5.2 classification framework and reflects the key
ecosystem contributions relevant to the EDAPHOS project context. The performed ESS selection
was focused on services that are directly linked to the functioning of phytoremediation systems
and the restoration of degraded postindustrial or postmining sites. The selected ESS were
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grouped according to the three main CICE®5.2 (.xIs sheet) categories: (1%) provisioning (2")
regulation and maintenance, and (3 cultural. Within the provisioning category, the ESS
assessment includes e.g. biomass production (considering biomassased energy). These
services reflect the capacity of vegetation systems, includingoplar plantations and (optional)
accompanying plant species Brassica L., Lablab purpureus L), to generate biological resources
that can be used as material or energy inputs. Theegulation and maintenance category forms
the core of the analysis, capturing ecosystem contributions directly related to environmental
remediation proesses. The assessment includes regulation of soil quality, climate change
mitigation through carbon sequestration, air quality regulationand temperature related to
microclimate regulation. These services reflect the role of vegetation in improving soil conditions,
reducing pollutants, regulating environmental parameters, and supporting ecosystem recovery
processes on degraded landWi t hi n t his category, we also estim
energy under a groundmounted photovoltaic (PV) instdation scenario. Within the third,cultural
category, the analysis considers direct irsitu interactions with living systems, reflecting the
potential of restored sites to provide opportunities for recreation, health benefits, and experiential
engagement with nature. A detailed classificatio of the selected ESS, together with the
methodological approach used for their assessment, is presented in subsequesection4.2 and
4.3. The selected set of ESS reflects the main pathways through which NBS solutionglemented

in EDAPHOS project generate environmental and societal benefits. By structuring the
assessment, the analysis ensures conceptual consistency while capturing the ecosystem
contributions most relevant to site restoration and sustainable land managent.

4 ESS assessment methodology
4.1 Workflow and research stages

The work focuses onESS as contributions of ecosystems to human welbeing, assessed for
contaminated (postindustrial post-mining) sites under alternative redevelopment pathways
highlighting how future landuse options may influence the range and level of provideskrvices.

In EDAPHOS this valuation workwas designed to support subsequent steps on valuation,
monetization, and integration into decisiomimaking, which are performed across parallel work
packages, and will be delivered as results from WP@ask 4.2) & WP5 (Task 5.2).

To ensure methodological consistency across all seven case studies (CB1S7) and to generate
results that are directly comparable between all sites a common scenario set was adopted for the
ESS assessment in every CSThis decisionwas taken based on consultations with thePP
(especially CS Leader$ and follows CICESvV5.2 guidance, which promotes the use of a common
reference framework( designed to help measure, account for and assess ecosystem services
and hasbeen used wi del ye f or rdapmng andf forwvajuation). dhe guadancer s ,
also links such a framework to comparability, noting that the classification enables authors to
“position the target references work in a common framework so that comparison and analysis is
p o s s ilmliheewith this rationale, EDAPHOS harmonises the assessment agh across CS by
standardising scenarios and the associated ESS indicator catalogue. This ensures a unified basis
for cross-CS interpretation and synthesis.

Accordingly, for eachCS, the ESS assessment was carried out for three alternative future land
use variants (Section 5.2), treated as a harmonised and comparable scenario set (including
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a NBS-based option). These scenarios were applied across all CSven if a given variantwas
unlikely or not currently planned for a specific siteBy applying acommon assessment approach
across allCS, it becomes possible to

A compare results on a likefor-like basis across sites,

A identify site.specific constraints and opportunities that explain why a given pathway may
(or may not) be feasible and beneficial,

A clearly and transparently show differences in expected benefits and trae#fs linked to

alternative landuse and remediation strategies.

The methodology adapted by the GIG&PIB team to estimateESSis aligned with the approach set
out in the CICES v5.2 guidance For this part of Task 2.2, the work was divided into four key
stages, providing a clear and consistent workflow for thESSassessment

The adopted workflowis described and presented orFigure 10.

Baseline Mapping of Ecosystems

’ Mapplng land cover/ecosystem types

Formulating Rehabilitation &

Redevelopment Scenarios

. Developing alternative end-use
scenarios per CS (including NBS)

ESS Indicator Selection

Choosing indicators that are II A
stakeholder-relevant and spatially i P\
appropriate N ——

(v
LS

Assessment of ESS Provision

Analyzing ESS provision under each
** scenario using selected indicators

Results Compiled'into CS-Specific Matrices

Summarising Expected Benefits/Trade-Offs
Across Services and Scenarios el

Figure 10 ESS assessment workflowySource:OpenAl].
STAGE 1baseline mapping of relevant ecosystems

Baseline mapping defines the spatial area of analysis and provides a consistent description of
ecosystem types within that area across all CS. In practice, it includes twaubtasks:

38
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Stage 1 (Subtask 1.1) Setting the assessment boundaries.

At this stageof work, the appropriate scale and geographic coverage were defined for the
areaswhere planned activities could affect environmental, social, and economic aspects.
The boundariesof the analysis areavere typically aligned with administrative units, as this
supported the collection of socieeconomic data and facilitated the use of results in
planning and decisionmaking, especially for culturaESS Depending on theCS location,
the defined analysis boundaries either matched the administrative boundary of the
municipality where the CS is located (CS2, CS4 see Figure 11) or covered two
administrative units when the CS lies on aunicipal border(CS1, CS3, CS5, CS6,CS7).

Figure11 Delineation of the administrative boundariefor CS4 (MiasteczkoS | h sPtL)i[Source: GIGPIB].
Stage 1 (Subtask 1.2) Delineating ecosystem types

Delineating ecosystem types was an important step because it defined the spatial basis
for the ESSassessment.Within this subtask, the CORINE Land Cover (CLC) classification
was used as a harmonised basis to map ecosystem types and describe their potential
functions and service provision. The CLC system is hierarchical and consists of three
levels. Level 1 groups of land cover into five broad categories: artificial surfaces,
agricultural areas, forests and semnatural areas, wetlands, and water bodies. Leel 2
further subdivides these into 15 categories that can be mapped at scales of 1:500,000 to
1:1,000,000. Level 3 provides the highest level of detail, with 44 classes used to build land
cover databases across Europe. In Poland, 31 of these 44 classeseapresent (Figure 12).
The CLC codes applied in this work arg@resented in section 5.3.
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BASELINE MAPPING
OF RELEVANT ECOSYSTEM - CS4

Legend
Study site

T Boundaries of the city
Corine Land Cover

[ Sparsely vegetated areas
I Discontinuous urban fabric

(I Broad-leaved forest

I Coniferous forest

[0 Mixed forest

[ Nonrirrigated arable land
(5] Complex cultivation patterns.
[ pastures

[] Transitional woodland-shrub
I Construction sites.

0 50 100m

Figure 12 Example of delineated ecosystem types ksed on land cover for CS4[Source: GIG-PIB].

Stage 2 Formulating alternative rehabilitation / redevelopment scenarios per CS
(including NBS) to reflect feasible etuses and planning recommendations.

Within WP2, Task 2.2, ESS provision was estimated for each CS under three alternative
future landuse scenarios (Table 2). The scenario approach was adopted to capture
different, realistic redevelopment pathways and to enable a structured comparison of their
implications for ecosystem functions and benefitgFigure 13). Following internal PP
consultations, in order to ensure consistency and comparability of results across all sites,
a decision was taken to harmonise the scenario set and apply the same three scenario
directions to every CS.

Table2 Set of future landuse scenarios analysed

Scenario Characteristic
Scenario 1 Afforestation
(land cover by fores for available data afforestation with Poplar was considered)
Scenario 2 Industrial redevelopment
(installation of photovoltaic panels)
Scenario 3 Grassland cover

(e.g., resulting from natural succession).

Figure 13 Example of visualisation of potential redevelopment scenarios for CS4

Stage 3-Selection of ESS indicators

The selection of ESS for the EDAPHOS assessment was based on the CICES v5.2
classification and focuses on services that are most relevant for restoration of degraded
post-industrial/postmining sites, including the restoration based on NBS like
phytoremediation techniques. The selected ESS cover the three main CICES.2
categories: (1%) provisioning, (2" regulation and maintenance, and (3") cultural, and
represent the key functions that EDAPHOS sites may deliver under different future land
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use scenarios. In the provisioning category, the assessment includes e.g. biomass
production (including biomassbased energy potential), reflecting the capacity of
vegetation systems (e.g., poplar plantations and accompanying species) to provide
biological resources. Theregulation and maintenance category is central to the analysis
and captures services directly linked to remediation and recovery processes, such as soll
guality regulation, carbon sequestration (climate mitigation), air quality regulatioand
microclimate/temperature regulation.Within this category the energy supply from PV
electricity generation under Scenario 2vasalsoincluded. The cultural category addresses
the potential for direct insitu interactions with nature, including recreation and webleing
benefits that may emerge as sites recoverThe selectedESSand the methodology used
to determine the indicators applied in theESS assessment are presentedrespectively in
sections 3.4 and 4.3 (Figure3).

!1
!

T
ESSID Ecosystem Service (EDAPHOS)  CICES Code (v5.1) CICES Code (v5.2)
ESS 1 Biomass production 1.1.12 1.1.12

ESS2 Regulation of soil quality 1.212 1.212

ESS3 Mitigation of climate change 2.1.12 2112

(cart dioxide sequestration)

ESS4 Air quality mitigation 2113 2113

ESS5 Temperature regulation 2.262 2262

ESS6 Direct in-situ interactions with 3.1.1.1/ 3.1.1.13.122

living systems
ESS7 Energy properties 4.324 4.324

frf . g uf
(LLE R ELL L

Table3 A fragment of the Excel sheet CICESV5.2 used for ESS selection in the EDAPHOS Task 2.2 assessment.
[Source: https://cices.eul.

Stage 4 Assessment of ESS provision under each scenario using the selected indicators.

The ESS valuation in EDAPHOS was based on an indicatdriven approach. For each
selected ESS, a specific methodology was developed to definghich indicators should be
used, how the indicator should be assessed and quantified, and whatkind of data are
required. These indicator methodologies are grounded in scientific literature and established
analytical models commonly applied INnESS assessment (e.g. EU tool for PV energy
production). Following these methodologies, the necessary input data were collectédtbm
appropriate sources, includingdesk research satellite and remote sensinglata, geospatial
datasets and geoportals,interactive tools and other available environmental and socio
economic data. The collected datasets were then processed in line with the agreed
procedures to calculate indicators and assess the level of service provision. Each ESS was
assessed separately for each landise scenario, allowing a transparent comparison of
expected benefits and tradeoffs under alternative redevelopment pathways. Detailed
information on the indicator methodologies, data acquisition procedures, and the full set of
results for all sites aren further section of D2.5.

4.2 List ofrelevantecosystemservicesidentified for th&€S

In the early stage of EDAPHOS project, the identification oESS performed within Task 2.2was
initially based on the CICE®5.1 classification (methodological approach described in D2.2)In
the present deliverable(D2.5), the updated CICESV5.2 classification has been adopted as the
operational conceptual framework The structure of CICESv5.2 was adapted to the specific
objectives of the project, with a focus on soitelated processes and vegetation functions
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underpinning the assessment of landise scenarios. Following the approach defined in WPESS
were selected in collaboration with CS leaderssite managersand other project partners,based
on their ecological relevance, their sensitivity to changes in land management, and their
importance for subsequent processbased analyses in WP4 and valuation tasks in WRSst of
selected ESS is presented in table belowr({gure4).

Table4 ESS matrix used in the assessment within Task 2.2

Ecosystem CICES CICES
ESSID Service Code Code Section Division Group Class
(EDAPHOS) (v5.1) (v5.2)
Cultlvat_ed Cultivated plants
ESS1 Biomass N : (EEESIEL [ ENIES (including fungi, algae)
; 1.1.1.3 1.1.1.3 Provisioning Biomass for nutrition, ’
production . grown as a source of
materials or
energy
energy
Red_uctlon o Filtration
) nutrient loads .
Transformation o /sequestration/
) . of biochemical I med|at|or_| i storage/
ESS2  Regulation of Regulation & X wastes or toxic )
. . 2112 2112 : or physical accumulation by
soil quality Maintenance . substances of ; .
inputs to " micro-organisms,
anthropogenic
ecosystems L . algae, plants, and
origin by living :
animals
processes
) Regulation of chemical
Mitigation of Regulation of _ composition of
climate Regulation & physical, Atmospheric atmosphere and
ESS3 change 22.6.1 236.1 : chemical, composition and  oceans, and the
Maintenance . . L AUy
(carbon biological conditions maintenance of
dioxide conditions continental
sequestration) atmospheric/oceanic
circulation patterns
Reduction of
Transformation | Nutrient loads Filtration
of biochemical 2nd mediation of /sequestration/
Air quality Regulation & . wastes or toxic storage/
ESS 4 e 21.1.2 21.1.2 : or physical gel
mitigation Maintenance inputs to substances of accumulation by
ecosystems anthropogenic micro-organisms,
origin by living algae, plants, and
processes animals
Regulation of Regulation of
. physical, Atmospheric temperature and
Temperature Regulation & . e S :
ESSI5 regulation 2.26.2 2362 Maintenance chemg:al, composition and hum_|d|t_y, including
biological conditions ventilation and
conditions transpiration at local
scales
Direct, in-situ
and outdoor .
N interactions with S @l )
: _— Physical and L systems that that
Direct in-situ experiential living systems =
eEEiEs Sl that depend on enable activities
ESS 6 L 3.1.1.1 3.1.1.1 Cultural interactions . promoting health,
with living with natural presence in the .
systems ) R —— recuperation or
environment S enjoyment through
setting, i.e. . . -
active or immersive
broadly . .
: interactions
recreational
activitie
Non-mineral
Non-aqueous  substances or
Ess7 Eneroy 4324 4224 Provisionng ~ nawralabiotic  ecosystem
properties ecosystem properties used  Solar energy
outputs for nutrition,
materials or
energy
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ESS 6 (Direct insitu interactions with living systemis) repored as a combined cultural ecosystem
service, aggregating experiential and educational interactions with nature, as both classes are
closely linked in the context of irsitu learning and living laboratories.

4.3 ESS Data Sources and Methodological Limitations

This section summarises the main data sources and methodological considerations applied in the
assessmentperformed for each ESSESSRESS7). For each service, key informatiois presented

in astructured format ( data sh e e,tirfcliding the ESS name, its classification and code
according to CICES v5.2, the main indicator with units, and a concise description of the
methodological approach used for quantification.

Detailed data sheets for each ESS are provided in the respective table€ES1 (fable 5), ESS 2
(Table6), ESS3 (rable 7) ESS4 (Table8), ESS5 (rable9), ESS6 (Table 10) and ESS7 {able11).
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Table5 Data sheet forESS1-Biomass production

Provision of plant biomass from contaminated sites intended for bioenergy purposes, following phytomanagemer
or restoration processes.
CICES 5.2 Code &Division 1.1.1.32 Biomass

Main indicator Energy potential derived from annual abowground biomass increment (EP;
GJ/halyear).
Methodology To estimate annual biomass production, annual abovground biomass increment

(AGBinc; t DM-hai-yros) is converted to energy potential using:

EP = AGBinc x CV
where:
CV (calorific value; GJ-t#DM) is fixed by biomass type and applied consistently across cas:
studies: CV_woody = 18.5 GJ4DM for forests and woody crops, CV_herb = 17.5 GJ&
DM for grassland and grasslaneequivalent scenarios, and CV_topola = 18.56 GJ&#DM
when poplar is treated as a separate woody category.

Methodology description:

AGBinc values are assigned per laneuse scenario (CLC classes) using a hierarchical approach to ensure cross
case-study comparability:
Scenario 1:Forest scenarios (broadleaved and coniferous forests)
AGBInc is taken from literature and/or forest inventotpased sources that provide harmonised increments for
forest types, ensuring consistent definition and comparability across countries and case studies.
Scenaruio 2:industrial/commercial (PV energy production)
In scenarios with partial vegetation cover, it was assumed that AGBinc is determined as a constant part of
grassland productivity, proportional to the share of biologically active area. A uniform scenario assumption was
used throughout the report:

PV = 0.8 x grassland (i.e., 80% of grassland productivity)

industrial/commercial = 0.2 x grassland (i.e., 20% of grassland productivity).

Scenario 3: Grasslandscenarios (natural succesion)

AGBiIncis assigned using a typological NUTS2 approach (climate and management intensity), where values refle
the expected order of magnitude for the specific grassland type (e.g., Mediterranean dry pastures vs temperate
productive meadows). In this approach, &Binc is primarily driven by water availability and use intensity rather
than administrative boundaries.

Poplar plantations (transitional woodland/shrub)

AGBiInc is assigned using literaturebased yields for poplar energy plantations. When regional datasets are
inconsistent or dominated by unusually higlyield conditions (e.g., highly irrigated sites), a harmonised value is
used to maintain comparability acnss case studies.

Special case: NAtbased conversion (applied only in Greece)

For Greece, where consistent AGBinc values in a single increment definition were not available at the required
scale, AGBinc for forest scenarios was derived from Net Annual Increment (NAI; m3dhgras) using an internal
harmonisation procedure. This proedure converts NAI to AGBinc using a conversion coefficieficalibrated from
reference regions where both NAI and AGBinc were availablel _731 1:%":', and applies this coefficient to
L}

Greece =7 || 44y B < =k the resulting AGBInc is then used to compute energy potential ag |-
=7l -

Non-irrigated arable land- Brassica juncaeor Lablab purpureuscrop

Where literaturebased biomass increment/yield data were available, AGBingas taken directly from literature.

Applied ecosystem types A Broad-leaved forest

(CLC) A Coniferous forest

Mixed forest

Shrublands / transitional woodlaneshrub (poplar plantations)

Grasslands (vith limited use and lower biomass productivity)

PV groundmounted (grasslandequivalent fraction)

Industrial/commercial units (grasslaneequivalent fraction)

Non-irrigated arable land- Brassica juncaeor Lablab purpureuscrop

Reference 1.Copernicus / CLC (land cover classes and spatial allocation).
2.National Forest Inventories / harmonised NFI outputs (NAI / increments for fore
types).
3.Copernicus GPP/NPP only as supplementary screening layer, not as prima
AGBInc input(Optional)

> > > D> D> >
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4 Literaure: [Andresen et al., 2018], [Aravanopoulos, 2010], [Borreani et al.,
2007], [CIP, 2020], [Dal Pra, et al., 2023], [Del Gatto et al., 2015], [Di Cosmo et
al., 2023], [Feng et al., 2023], [Forest Ecology and Management, 562, 121913],
[Gabryszuk et al., 2021], [Gasparini et al., 2022], [GonzéalezDiaz, et al., 2019],
[Gschwantner, et al., 2024], [GUS, 2020], [Lazzeri et al., 2009], [Les Etudes
Report, 2024], [Manzone et al., 2014], [Niemczyk, 2017], [Obermeier et al., 2018],
[Oddi et al., 2024], [Shi et al., 2023], [Tao et al., 2015], [Zianis & Mencuccini,
2005], [Etude de nouveaux gisements de biomasse végétale fermentescible, et de
conditions de leur mobilisation pour la méthanisation Rapport]
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Table6 Data sheetfor ESS2- Regulation of soil quality

The role of ecosystems in maintaining and improving soil quality, specifically through NatiBased Solutions

(NBS) as effective methods for pollutant removal (phytoremediation).

CICES 5.2 2.1.1.2 2 Transformation of biochemical or physical inputs to ecosystems

Code &

Division

Mainindicator ~ Potential annual accumulation of a representative soil pollutant in aboxggound plant
biomass (g/halyear).

Methodology Potential annual pollutant accumulation is calculated as:

PollutantAccumulation = AGBinc x C_plant
where:
AGBinc - annual aboveground biomass increment (t DM/halyear).
C_plant pollutant concentration in aboveground biomass (mg/kg DM), converted for calculation
consistency.
For afforestationscenariosC_plant is computed as a weighted value across tissue compartments:
C_plant =f_leaf x C_leaf + f_wood x C_wood
with f_leaf = 0.2 and f_wood = 0.8,
where C_leaf refers to leaves/needles and C_wood refers to stem wood/shoots.
Methodology description:
Biomass productivity assessment (AGBinc)
AGBInc is assigned per laneuse scenario consistently with ESS1 (harmonised forest increments; typology
based grassland values; fixed grasslan@quivalent fractions for PV and industrial/commercial).
Pollutant selection (representative metal)
For valuation and crossscenario comparability, cadmium (Cd) is used as the representative pollutant (nen
essential element, frequently reported, typically more mobile and translocated to abogeound tissues than
Pb). Other metals may be used for range seening.
Tissue-specific concentration parameterisation
C_leaf and C_wood (or C_shootd$or woody crops) are parameterised from peereviewed literature reporting
tissue concentrations (mg/kg DM). Priority is given to datasets providing both compartments measured with
consistent analytical procedures.

Scenario-level aggregation and calculation

For woody scenarios, concentrations are aggregated using fixed tissue fractions (0.2/0.8). Pollutant
Accumulation is then computed as AGBinc x C_plant, enabling scenarizased comparison of
phytomanagement potential

Applied 1 Broad-leaved forest (especially Poplar/Willow natural forest)
ecosystem 9§  Coniferous forest
types (CLC) 9 Transitional woodland/shrub (poplar plantations)

M Grasslands (with limited use and lower biomass productivity)

1 PV groundmounted (grasslandequivalent fraction)

1 Industrial/commercial units (grasslaneequivalent fraction

Non-irrigated arable land- Brassica juncaeor Lablab purpureuscrop

Unit of g/halyear (grams of pollutant accumulated in abowground biomass per hectare per year).
measurement

Assumptions Vegetation used in scenarios has sufficient accumulation potential for the representative
pollutant (Cd). Tissue concentrations are parameterised from literature (moderate
contamination) and aggregated for woody biomass using fixed fractions 0.2 (leaves/needles)
and 0.8 (stem wood/shoots).Results describe potential accumulation; harvesting is a possible
management option but is not required for the indicator.

Reference 1.Copernicus / CLC (land cover classes and spatial allocation).
2.National Forest Inventories / harmonised NFI outputs (NAI / increments for forest types).
3.Copernicus GPP/NPP only as supplementary screening layer, not as primary AGBinc input
(Optional)

4. Literature: [Algreen et al.,2013], [Asare et al., 2025], [Baycu et al., 2006], [Bierza & Bierza,
2024],[Budzynska Jle[Carahuleactal. 2202213 T ebur ni s & S[fakubiakr
etal, 2025],[ Jur anovi h Ci n,dKandhiora€iupa atlal., 20222 [Kdo8K]s et al.,
2018],[ Ki ci ns k a -Bosdwska, 2@ E Kaci ns k a,][éeétal.ad0d24], [Reehited
etal,2025,[ Pi |l i povi h[ Radaj T i, h 2R4®§ v n, [Skvadis ietfal., 2011}

[Skonieczna et al., 2014] [Sun et al., 2009], [Suo et al., 2021], [Teodoro et al., 2019]
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Table7 Data sheet forESS 32 Mitigation of climate change/ carbon dioxide sequestratian

Storage and sequestration of greenhouse gases (GHG) by ecosystems, specifically through the capture of

atmospheric carbon dioxide (CQ) in plant biomass on remediated and managed sites.

CICES 5.2 2.2.6.1 2 Atmospheric composition and conditions

Code &

Division

Mainindicator ~ Annual carbon sequestration expressed in t CBhalyear

Methodology Total carbon sequestration is calculated as the sum of abovground and belowground
carbon accumulation. The methodology follows the carbon allocation models for poplar
plantations:

Total Seq CQ => (AGBinc + BGBinc) x C_fraction x 3.67

where:

- AGBinc/ BGBinc: annual above and belowground biomass increment (t d.m./halyear).
- C_fraction: carbon content in dry matter (assumed at 0.5 or 50%).

- 3.67: conversion factor from Carbon (C) to CQequivalent

Methodology description:

Biomass Assessmentes t i mati on of annual growth using yield
2024).

Below-ground allocation: application of the rootto-shoot ratio and biomass allocation patterns according to
Oliveira Rodriguez et al. to account for carbon stored in the root systems and belayround organs.

Carbon conversion: converting the total accumulated dry matter into carbon mass and subsequently into t
COFHhalyear equivalents to reflect the service's contribution to climate mitigation.

The indicator reflects the annual flow of carbon sequestration associated with biomass growth, rather than ler
term carbon stock changes.

Scenariolevel aggregation and calculation

Similarly as for theESS1, br woody scenarios, concentrations are aggregated using fixed tissue fractions
(0.2/0.8). Pollutant Accumulation is then computed as AGBinc x C_plant, enabling scenaiiimsed comparison
of phytomanagement potential

Applied + B rleaaed forest (including Poplar/Willow SRC)
ecosystem + Coni f emixeddmesta n d
types (CLC) + Shrublands / tshramsitional woodl and
+ Grasslands (Carbon storage in perenni al
Unit of t COz/halyear (tons of carbon dioxide equivalent per hectare per year).
measurement

Assumptions 1. Carbon fraction is constant at 50% of dry mass for woody species.

2. Below-ground biomass is estimated using speciespecific expansion factors when direct
root measurements are unavailable.
Methodological Potential exclusion of longterm Soil Organic Carbon (SOC) changes in shorterm

limitations assessments; variability of sequestration rates depending on stand age and sipecific
contamination levels.
References 1.Copernicus Global Land Service (GPP/NPP data).

2.National Forest Inventory (local yield tables).
3.Literature-based proxy data [Oliveiraet. Al., 2018], [IPPC, 2006], [Mokany et al., 2006],
[Dupouey et al., 2010], [Shiferaw et al., 2022], [Cafiellas et al., 2018],1 OS, 2019
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Table8 Data sheet forESS 42 Air quality regulation

Removal of atmospheric pollutants (specifically particulate matter Rviand PMes) by tree and shrub canopies
in urban, periurban and rehabilitated postindustrial areas through dry deposition processes.

CICES 5.2 2.1.1.2 2 Transformation of biochemical or physical inputs to ecosystems

Code &

Division

Mainindicator ~ Annual removal of particulate matter (Pl £PMF4) expressed int/halyear

EDAPHOS

Methodology The methodology follows the dry deposition model for particulate matter (RW established
by Tallis et al. (2011):
Absorption of PMwo = Flux (V) x Surface (SA) x Period (t) (tkm?/year)

where:

- Flux is the pollutant to the surface (amount removed per unit area and time), calculated by multiplying the depositit
velocity of the pollutant (m/s), which depends on canopy structure and wind speed and the concentration of th
pollutant in the atmosphee.

- Surface is the considered surface area multiplied by the surface area index functioningamgiven area (LAI).

- Period accounts for the period of analysis in days, multiplied by the proportion of dry days and the proportion
non-leaf days.

The total annual pollutant removal is calculated by integrating deposition fluxes over tt

vegetated surface area of each lanelise scenario.The above contributes to the calculation as

follows:

- V = deposition velocity (m/s) x pollutant conc{ug/ms3)

T Flux (ng/m?) was then converted to daily flux by multiplying it by 86400

- SA = LAl (m?/m?) x area of land considered (m?)

- t = period of analysis (days) x proportion of dry days (fraction) x proportion of deaf days (fraction)

T Afterwards the absorption ofPMywas converted from (Yg/nfi/year)

Methodology description:

Canopy assessment: Calculation of the Tree Canopy Area (TCA) using Land Cover data and NFI (National
Forest Inventory) to determine the active surface area for deposition.

Depositionmodeling: Applying the Tallis et al. approach, which considers the "filtering" effect of different tree
types (broad-leaved vs. coniferous). Coniferous trees are generally more efficient due to higher Leaf Area Indi
(LAI) and yearround foliage.

Concentrationdata: Integration of local air quality monitoring data (PM/PM..s concentrations) to calculate the
total annual removal load

Applied A Broad-leaved forest
ecosystem A Coniferous forest (highest efficiency according to Tallis et al.)
types (CLC) A Mixed forest
A Transitional woodlandshrub (urban greenery).
Unit of kg/halyear (efficiency per area).
measurement

Assumptions 1. Deposition velocity (V{ is estimated based on the average values for specific canopy
types provided in the literature.
2. The model assumes dry deposition as the primary mechanism for PM removal in the
assessed NBS scenarios.
Methodological Variability in removal efficiency due to local weather conditions (wind speed, precipitation)
limitations and the "saturation" effect of the canopy in highly polluted areas.
References 1.Copernicus Global Land Service (GPP/NPP data).
2.National Forest Inventory (local yield tables).
3. Satellite Imagery & Land Cover Data
4. National and Local Forest Statistics
5. National & Local Air Quality Monitoring
6.Literature: [Airparif, 2022], [AQI, 2021], [BorlazaLacoste et al., 2022], [Chen, 2015],
[ Chervenkov et al ., 20257, [ EU EMEP, 201¢
et al., 2015], [Langner et al., 2011], [ L
1994], [Marando et al., 2016], [Mariarosa et al., 2017], [Nowak et al., 2017], [Parker, 2020],
[Pérez-Vizcainoet al., 2026], [Schrader & Brimmer, 2014], [Sinan & Hasenauer, 2025],
[Séwka et al., 2019], [Tomczyk & SzygaPluta, 2016], [Turner et al., 2000], [U.S. Forest
Service, 2011], [Waza et al., 2025], [WHO,2013]
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Table9 Data sheet forESS 52 temperature regulation

Regulation of local microclimate and mitigation of the Urban Heat Island (UHI) effect through vegetatidniven
processes such as shading and evapotranspiration.

CICES 5.2 2.3.6.2 2 Regulation of physical, chemical, biological conditions

Code &

Division

Main Inicator Surface temperature reduction (dT,-us&ddas. be

Methodology The methodology utilizes daylight surface temperature upscaling models as proposed by
Radoux et al. (2025), correlating specific Land Cover (LC) types with their thermal signature
using remote sensing data

Methodology description:

1. Surface temperature mapping: Extracting Land Surface Temperature (LST) from thermal infrared satellite
bands.

2. Land cover thermal profiling: Applying the Radoux et al. (2025) model to assign specific thermal weights to
various land cover classes (e.g., poplar plantations vs. bare soil/industrial concrete).

3. Health & comfort assessment: Evaluating the cooling benefits on local environmental health and human
comfort based on the framework by Mirzaei et al. (2020).

Land Surface Temperature (LST) is used as a spatially consistent proxy for microclimate regulation, enabling
comparative assessment across lanelise scenarios.

Applied A Broad-leaved and Coniferous forests

ecosystem A Urban parks and greenery

types (CLC) A Transitional woodlandshrub on remediated postindustrial sites.

Unit of EC (temperature difference, 4dT)

measurement

Assumptions 1. Vegetation density (NDVI) is inversely proportional to surface temperature during daylight
hours.

2. Established forest canopies provide significantly higher cooling than open grasslands due
to vertical shading.
Methodological LST data represents surface skin temperature, which can differ from ambient air

limitations temperature; results are highly sensitive to cloud cover and soil moisture at the time of data
acquisition.
References 1. National Forest Inventory (local yield tables).

2. Literature-based proxy data
3. National & Local Meteorological Monitoring
4.Copernicus Global Land Service (LST products)
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Table 10 Data sheet forESS 6 - Direct, in-situ and outdoor interactions with living systems

The capacity of the ecosystem to provide opportunities for direct igitu and outdoor interactions with living
systems

CICES 5.2 3.1.1.1 2 Physical and experiential interactions with natural environment

Code &

Division

Mainindicator ~ Number of residents within 300 meters of a green recreational area (> 1 hectare).

EDAPHOS

Methodology description:

1. Accessibilityanalysis Spatial analysis of population density in the vicinity of areas that may serve

recreational functions (Green recreational areas)

This ecosystem service is assessed as a cultural service according to CICES, reflecting the role of living

systems elements that enable activities promoting health, recuperation or enjoyment through active or

immersive interactions (recreation service vak). Green spaces for recreation have to be publicly accessible

(not fenced areas). Agricultural land does not meet this criterion because recreational use of such land could

lead to crop losses.

Applied CLC types that could be used for outdoor recreation purposes:

ecosystem A urban green areas

types (CLC) deciduous forests

coniferous forests

mixed forests

natural grasslands and meadows

forests and shrub vegetation undergoing change

scattered vegetation

water coursesand water bodies

parks[Wales et al 2016

Unit of Number of residents within 300 meters of a green recreational area (> 1 hectare).

measurement

Assumptions Proximity to urban areas directly correlates with higher recreation service value of green
areas for naturebased recreation.

v DD D D D D

Methodological A distance of 300 m in a straight line does not always reflect the possibility of reaching the
limitations on foot in less than 15 minutes (criterion of green area accessibility for residents)
References 1.Copernicus Global Land Service (Corine Land Cover and Urban Atlas data).

2.0penStreetMap Landcover

3.High Resolution Population Density Maps

4. Literaure: [Grunewal et al 2017], [Handley et al 2003], [Tobias G., et al. 2017]

[Kabisch, Strohbach, Haase, & Kronenberg, 2016]
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Table 11 Data sheet forESS 72 Energy properties (PV)

Provision of physical space and suitable environmental conditions (insolation, topography) for the production

of renewable electricity via grounemounted photovoltaic systems.

CICES 5.2 4.2.2.4 Non-aqueous natural abiotic ecosystem outputs

Code &

Division

Mainindicator ~ Technical suitability for photovoltaic energy production expressed aste-scale total annual
potential energy yield GWhlyear), aggregated over the developable area

Methodology Spatial multicriteria analysis based on the framework of Casalegno et al. (2014), which
prioritizes land for energy production based on solar radiation and langse trade-offs.

EDAPHOS

Methodology description (PV performance and electricity production)

PV yield estimation (PVGIS)PV performance for each CS was estimated with the PVGIS tool of the Europeal
Commission / Joint Research Centre using a harmonised reference setup.

Reference configuration Database PVGISSARAHS3; technology crystalline silicon; 1 kWp; system loss 14%;
mounting freestanding; tilt 35°; azimuth 0°.

Upscaling to CS capacity:Maximum feasible installed capacity was derived from available area assuming 6 n
per 1 kWp. A Surface Coverage Rat i-deployablelars (adule a s
spacing, roads, technical buildings, fencing, grid infrastructure), calibted against operating PV farms (27
300 ha)

Applied A Postindustrial brownfields
ecosystem A Rehabilitated mining sites
types (CLC)

Unit of GWhly / or [kWp]

measurement

Assumptions Reference configuration:
A Database PVGISSARAH3;
Technology: crystalline silicon;
1 kWp;
system loss 14%;
mounting: free-standing;
tilt:35°;
azimuth:0°.
Methodological Energy potential does not account for seasonal cloud cover variability or future changes in
limitations grid capacity; focus is on thephysical spaceas a provider of the service.
References 1.Copernicus Global Land Service (GPP/NPP data).
2. Local Spatial Planning & Grid Infrastructure
3. Global Solar Atlas / CAMS Radiation Service
4 Literature: [Walston et al., 2@1], [Semeraro at. al., 2011]
Databases: Photovoltaic Geographical Information System
[https:/re.jrc.ec.europa.eu/pvg_tools/en/tools.htnjl

I DD D> D> >
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5 EDAPHOS sites profile and |lanude scenario framework

5.1 Sites characteristic
5.1.1 CS1 Carrieressous-Poissy(FR)- sitecharacteristis

CSlislocatedat Carrieres-sous-Poissy 48°57'35.9"N, 2°02'18.5"E) in the Northwest area of Paris
(Figure14). This 1-ha study site is owned by the Yvelin®epartment For over a century and a half,
the region has been used for vegetable gardening, and from the end of the 19th century to the
beginning of the 21st, it was irrigated with raw wastewaters to boost the soil's fertilization potential.
This led to the accumulation of TE in the top 30 to 50 cm of soihcluding Pb, Cu, Zn and Cd.
Poly-metallic, polycyclic aromatic hydrocarbons (PAH) and pesticide pollution were identified
following the site's agricultural pas{Dére et al., 2007]. The ESS analysis is framed using the
relevant communescale administrative boundary, because it provides a clear planning and
governance unit for describing baseline conditions and interpreting who may benefit from
ecosystem service changeqINSEE, 2025.

i

=== Administrative border

=== Area of the brownfield

Figure 14 Location of CS1 within the indicative extent of the brownfield site (The red rectangle indicates the
area of the experimental site; the violet line indicates the area of the brownfield; the orange line
indicates the administrative border).
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CS1¢ site profile

The site is characterized as a rural area that received raw wastewater inputs during the 20th
century, and it is considered representative of a wider affected agricultural extent in the north
western Paris area. Based on the available data, the site is merhtely contaminated with heavy
metals (e.g. Cd, Pb, Zn), PAHs, and pesticides related to crop cultivation; under these conditions,
phytoextraction is indicated as the remediation pathway expected to deliver the highest
depollution benefit. An area of ~1 h is available for EDAPHOS trials, and the land is owned by the
Yvelines Department, which foresees establishing a living lab in t2626-2028 timeframe.

CS1t baseline mapping for ESS assessment

The ESS assessment focuses on the entire contaminated part of the site that currently has no use,
i.e., the area for which development scenarios will be prepared. The administrative framing
explicitly covers Carrieressous-Poissy and Chantelouples-Vignes communes, and the border
proximate location means remediatiofrelated benefits (e.g., increased availability of safe green
areas) may extegg into the neighbgurin_g CgmmuneiigurelS).

el

Figure15 CS1 within the administrative boundaries of Carrieresous-Poissy commune (The orange line
indicates the administrative border of the Carrieresous-Poissy commune and Chantelouges-

Vignes commune.
Funded by
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High-resolution landcover data are available via Urban Atlas for Carriéresous-Poissy,
supporting baseline mapping across diverse landover types and allowing ecosysterrservice
potential to be estimated for different ecosystem types within the analydmundary.

Boundary used for ESS analysisCarrieres-sous-Poissy commune and Chantelouges-Vignes
commune.

Local socieeconomic and industrial context relevant to ESS

Carriéres-sous-Poissy is a dense perurban commune in Tlede-France, with about 19,900
residents in 2022 across ~7.2 km2 ( 2,775 inhabitants/km2), and it has recorded strong recent
population growth (average annual change 20182022: 3.7%). Nearby, Chantebup-les-Vignes
has 10,793 residents (2022) on ~3.3 km? (density ~3,241 inhabitants/km?). This settlement
pattern matters for ESS interpretation because it points to a sizeable local beneficiary base for
regulating and cultural services linked to safe greerspace, environmental quality, and risk
reduction in the broader communescale impact zone. (INSEE, 2025). When defining the target
ecosystem functions for CS1, two key aspects
mixed contamination (heay metals, PAHs, and pesticides) in an agricultural area historically
influenced by wastewater, and (ii) the cros$oundary relevance resulting from the proximity of
Chanteloup-les-Vignes, which will extend the potential beneficiary area beyond the admiristive
limit. A realistic pathway will be to develop the site as a phytoextractidocused remediation
testbed (supported by existing datasets and the planned livintab setup), and to translate
depollution objectives into scenarios that will also strenigen locally relevantESS

5.1.2 CS2 Kozani (GR) sitecharacteristis

The CS2 site is located in a perurban lignite mining area near Prosilio, within the wider Kozani
area in Western MacedonigFigure 16). For the ESS assessment, the analysis will be framed using
the administrative boundary of the Servia Municipal Unit (or a smaller unit where needed), as this
provides the most practical scale for lanelise governance and for compiling comparable local
datasets.
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Figure 16 Location of CS2 within the indicative extent of the brownfield site (The red rectangle indicates the
area of the experimental site; the violet line indicates the area of the brownfield).

CS2- site profile

The site is a contaminated brownfield with no current use, linked to lignite mining activities and
managed by METE. A major environmental constraint is elevated nickel: available data indicate Ni
concentrations at around 20 times above typical backgrouncelels, which strongly directs the site
toward remediatiorroriented land uses rather than soibased provisioning functions. A 1 ha
experimental plot will be available for EDAPHOS trials, and the site has already hosted
phytostabilisation crop trials (e.g.sorghum, miscanthus, and switchgrass). Agroforestry trials are
also planned using Nihyperaccumulating species, positioning theCS as a practical test ground
for soil depollution pathways and for identifying plant (and potentially microbial) species relevant
to Ni remediation. Historically, the surrounding area was used as pasture before mining; the
current dominant landuse type is mining, and the expected future trajectory is land reclamation.

CS2t baseline mapping for ESS assessment

The ESS assessment will cover the contaminated, currently unused brownfield area for which
redevelopment scenarios will be developed. Because higresolution landcover data are not
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available (including Urban Atlas coverage), the analysis will be extended to a larger surrounding
area to allow ecosystem service potential to be estimated across different ecosystem typg@sgure

Figure 17 CS2 within the administrative boundaries of Servia Municipal Unit (The orange line indicates the
administrative border of the Servia Municipal Unit.
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The wider setting shows a moderate topographic constraint (average slope ~12% across the
analysed area and ~8% at the point location), confirmed presence of technical infrastructure, and
nearby settlements (nearest village ~1 km; the nearest small townServia® ~7 km). Large-scale
renewable energy infrastructure is also present in the broader Kozani area, including photovoltaic
farms and a major PV power plant. For example, the Kozani solar park covers about 450 ha and
is reported to generate around 320 miltin kWh per year
[https:/lwww.juwi.com/references/projecistories/article/pwvpower-plant-
kozani?utm_source=chatgpt.conh

Boundary used for ESS analysisServia Municipal Unit (or a smaller local administrative unit where
applied).

Local socieeconomic and industrial context relevant to ESS

The wider Kozaniarea in Western Macedonia is defined by a long history of lignite extraction,
which has strongly shaped land use, infrastructure, and environmental pressures. The region is
now moving toward a postmining transition in which land reclamation and alternat
development pathways are becoming the dominant planning direction. Within this context, the
University of Western Macedonia is a relevant local knowledge and demand driver, supporting
environmental education and applied research linkages. In the analyd@rea, industries with high
electricity demand and toxiewaste-generating industries are reported as not present, and
a biomass power plant is not reported within the local setting. In the future, two key drivers should
shape ESS interpretation for CS2: (i) the strong nickel contamination signal (around 20x above
typical levels) and (ii) the current miningelated land-use status combined with a clear reclamation
trajectory. Together, these conditions will prioritise ESS pathways focused on risk reducticil
stabilisation, and recovery of ecological functions rather than provisioning services.

5.1.3 CS3 (diel Basin Area (ESSP3¥itecharacteristis

CS3is located in the Andalusia mining basin (Huelva province), within the Iberian Pyrite Beigure

18). This is an area shaped by longerm sulphide mining and related environmental pressures.
For the ESS assessment, the analysis will use the administrative boundaries of Minas de Riotinto
and Nerva, because the brownfield extent and the expected benefitd oemediation are relevant
across this borderproximate setting.
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Figure 18 Location of CS3 within the indicative extent of the brownfield site (The red rectangle indicates the
area of the experimental site; the violet line indicates the area of the brownfield; the orange line
indicates the administrative border).

CS3( site profile

The site is part of a very large sulphide mining district (>12,000 ha) with extensive abandoned
mine areas and severe metallic pollution linked to acid mine drainage. The main contaminants are
reported as As, Pb, and Cu, with additional contributions frordn and Cd. For EDAPHOS field
trials, the currently available experimental area is about 500 m?, and the total area that can be
allocated for experimentation is no more than ~1 ha. The land is not puhlithe area is currently
managed by the mining company Remediatiorroriented land use is already represented by
phytoremediation testing, including the use of poplars for phytoextraction of mobile metals (e.g.,
Zn and Cd). Based on local spatial indicators, the terrain is gently sloping (average ~2.5%).
Photovdtaic farms and power plants/CHP are not present. Technical infrastructure
(roads/railways and utility networks such as water, electricity, and communications) is not located
within the experimental plot itsdl The nearest village is ~0.81.0 km away, and
economic/industrial zones are present nearby. Green features include surrounding forested areas
(closest ~800 m). Blue features include the Rio Tinto (~530 m) and reservoirs/dams: Marismilla
Dam (~600 m), Zum3o reservoirs (~2.93 km), and Embalse del Sur (~1.26 km). Waste disposal
sites are reported in Nerva (~1.44 km), including municipal and industrial facilities.

CS3¢ baseline mapping for ESS assessment
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The ESS analysis area was followed for the administrative boundaries of Minas de Riotinto and
Nerva, covering the contaminated brownfield and its immediate zone of influen€eigure 19). CS3
lies within a wider brownfield landscape, and because higtesolution landcover data are not
available in this site context, a larger surrounding area will be included to represent multiple
ecosystem types consistently in ESS calculations. This frang also reflects likely crossboundary
effects, where remediation outcomes (such as improved availability of safe green space) may
extend to nearby settlements within the shared mining basin.

Boundary used for ESS analysigvlinas de Riotinto municipality and Nerva municipality.
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Figure 19 CS3 (red circle) within the administrative boundaries of Minas deiotinotown (location of the

brownfield site); orange line indicates the administrative borders of the Minas de Riotinta town and
Nerva municipality (potential area for consideration).

Local socieeconomic and industrial context relevant to ESS

Mi nas de Riotinto and Nerva are part of the
and livelihoods have long been linked to metallic mining and its legacy. Mining heritage and visitor
oriented activities are also increasingly important in the ¢al context. The population of Minas de
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Riotinto is about 3,703, which indicates a small municipality where environmental quality and land
reuse decisions can deliver clear communitgcale benefits. At the broader regional level,
Andalusia is a major European mining region (especially for metalimining), which reinforces the
importance of remediation, risk management, and socially accepted redevelopment pathways in
mining-affected municipalities. In the future, two key drivers should shape ESS interpretation: (i)
strong miningrelated contaminaion and acid mine drainage pressures, which limit provisioning
uses and increase the relevance of regulating services (especially exposure reduction, soil
stabilisation, and recovery of soil functions), and (ii) the close connection to green and blue
features (forests and nearby river/reservoirs), which influences both recreation potential and risk
pathways. A realistic opportunity is to link remediation with multifunctional reuse (e.g., ecological
restoration combined with education/heritageoriented fundions), consistent with a closureand-
restoration direction and the presence of a local environmental education actoithe Atalaya
Mining Company also offers guided tours inside the mine, providing recreational and cultural
ecosystem services.

5.1.4 C34 Upper Silesia Coald3in (PL)- sitecharacteristis

CS4islocalisedinMi ast eczko Sl hskie in théiuSdo)l vetlsntien Voi v
wider Upper Silesian Coal BasinUpper Silesian industrial regiop For the ESS analysis, the

municipal administrative boundaryvas used as the assessment unit to ensure relevance for local

planning and to enable a consistent, municipalitgcale interpretation of ESS patterns and
beneficiaries.
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Figure 20 Location of CS4 within the indicative extent of the brownfield site (The red rectangle indicates the

area of the experimental site; the violet line indicates the area of the brownfield).
CS4c site profile

CS4 represents an industrial contaminated site resulting from past industrial activity. It is located

in the immediate vicinity of a hazardousvaste landfill associated with the Zinc Smelter

“"Mi asteczko Sl hskie®° and HWMeontannationdeqtZe, Ph, €Ekatid by s i ¢
TI). Reported waste composition indicates elevated metal contents (Zn-2%, Pb 520%, Cd 5

15%, and TI). The landfill is isolated, and leachate waterre collected and treated in a treatment

plant, which def i nes aumrentriskpnanagementtsetyp.Boundarpusedt he s i
for ESS analysisMi ast eczko Sl hskie muni d¢riguez). admini strat |

CS4¢ baseline mapping for ESS assessment

Figure21 CS4 (marked on the map within the administrative boundariesofli ast ecz ko ($Hehski e t ov
orange line).

Local socieeconomic and industrial context relevant to ESS

Mi ast ec z ksasn®l tdws ith @ strong industrial identity shaped by mining and metallurgy
related development pathways. This context matters for ESS assessment because lange
options typically need to balance redevelopment and environmental safety with the fuimning of
the local economy and the surrounding forest landscapeAvailable socieeconomic descriptors
indicate a local labourmarket profile broadly comparable to the region, with unemployment in
2023 reported at 4.4%, compared to 3.6% at the regional leel. The wider municipal context
includes production buildings and facilities, and the presence of renewabénergy installations is
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reported, pointing to an ongoing diversification of landise functions.In this context, ESS results
can help to show what type of potential benefits can be delivered by remediation and site
regeneration especially where industrial contamination c@xists with extensive forest cover and
little nearby housing.

5.1.5 CS5 Castelvetro (I'F)sitecharacteristis

CS5 is located in the municipality of Castelvetro di Modena (Solighano 2, ex Frattina), in the
Modena area of EmiliaRomagna, about 50 km from BologndFigure 22). The ESS analysis will use
the administrative boundaries of Castelvetro di Modena and the neighbouring municipality of
Maranello, because the brownfield is close to the municipal border and remediation benefits may
extend across it.

Figure 22 Location of CS5 within the indicative extent of the brownfield site (The red rectangle indicates the

area of the experimental site; the violet line indicates the area of the brownfield; the orange line
indicates the administrative border).
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CS5¢ site profile:

The CS5 site is an urban brownfield with no current use, affected mainly by Pb, Zn and
contamination linked to the local ceramic industry. The terrain is flat and considered suitable for
the implementation of agroforestry and cecropping systems involvingtree species, perennial
herbaceous species, and annual herbaceous species. The basic soil physical conditions (e.g., pH
and texture), support remediatiororiented redevelopment pathways without increasing the risk of
leaching the labile fraction of trace Eements into nearby groundwater and surface water. Key
spatial indicators show a low terrain slope (~1.93%), presence of technical infrastructure, and no
photovoltaic farms. The site is close to sensitive receptors and pressure sources: the first
residential area is ~200 m away and the first ceramic industry is also ~200 m away from the CS.
Surface water is very close (the Torrente Tiepido ~50 m), while a municipal waste facility is
reported at ~1.8 km (Isola ecologica di Maranello). Environmental requiremevalues relevant for
ESS interpretation include soil thresholds Pb < 100 mg/kg and Zn < 150 mg/kg, surface water
thresholds Pb 10 pg/L and Zn 3 mg/L, groundwater thresholds Pb 2Q5 pg/L and Zn 23 mg/L,
and an air Pb threshold of 0.5 pg/ma.

CS5¢ baseline mapping for ESS assessment

The ESS study area will cover the entire contaminated, art of the brownfield (the area used to build
redevelopment scenarios), which, outside the experimental site, is subject to dand-dump
practices involving contaminated soilThe site will be mapped within the administrative border of
Castelvetro di Modena, while the assessment will also consider Maranello because the site is
border-proximate and remediation outcomes (e.g., improved availability of safe green areas) may
be relevant on both sides of theboundary (Figure 23). High-resolution land cover information is
available through Urban Atlas, supporting baseline mapping across larmbver types.

Boundary used for ESS analysisCastelvetro di Modena municipality + Maranello municipality.
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Figure 23 CS5 (red circle) within the administrative boundaries dflaranello and Castelvetro di Modena city

(The red line indicates the administrative border of Castelvetro di Modena (location of the
brownfield site; orange line indicates the administrative border of the Maranello city (potential area
for consideration).

Local socieeconomic and industrial context relevant to ESS

Castelvetro di Modena is a small municipality in the Province of Modena, within an area strongly
influenced by the regional ceramic production cluster (including nearby municipalities such as
Maranello within the wider district). This matters for ESS becaa ceramic-related industrial land
use can shape local environmental pressures (e.g., soil quality constraints, transport and industrial
footprint) and can increase demand for regulating services such as risk reduction, buffering of
emissions, and safe, acessible green space. From a future landise perspective, two factors will
be key: (i) the confirmed PBZn2Se contami nati on, and (ii) t he
residential and industrial receptors (about 200 m). Together, these conditions will ghiicenario
priorities toward remediationdriven regulating services, especially exposure reduction, soil
stabilisation, and recovery of soil functions, rather than seilased provisioning uses. The site
should be redeveloped in a way that supports phytoreediation and delivers clear local ce
benefits. These benefits will also be able to extend into nearby Maranello, provided that exposure
routes are controlled and safe access and use are ensured in the scenario design
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5.1.6 CS6 VieuxCharmont (FR) sitecharacteristis

CS6 is located inthe eastern French city ofVieuxCharmont (47°31'15.8"N, 6°50'23.8"E), the
study site is a 2ha industrial wastelandFigure24). The river "La Savoureuse," two active factories,
a pond built in 1957, and residential areas encircle this wasteland. Since 1871, a variety of
operations have been carried out in the facilities, including the production of precision parts,
automobiles, heat-treated piston pins, and watches. Waste from homes and businesses, both
buried and surfaced, was dumped carelessly at the location. Following a soil investigation that
found pollution by organic (PAH, PCB) and inorganic (Zn, Pb, Cd, As, Cu, Ni, Cr, Hgdmpounds,
the wasteland was declared offimits to the public in 2007[Louzon et al., 2023. The ESS analysis
is framed at the commune level, which is the most relevant local unit for spatial planning,
remediation decisions, and municipakcale datasets.

Figure24 Location of CS6 within the indicative extent of the brownfield site A(The red polygon indicates the
area of the experimental site; the violet line indicates the area of the brownfie[§ource: GIGPIB,
2026].

CSe6g site profile

The site is a brownfield with a documented industrial legacy. The CS6 covers ~2 ha and is
representative of a broader context of industrial wastelands in Bourgogreranche-Comté
(estimated ~150 ha). The area is described as contaminated and currently unudewhich makes
it suitable for scenariebased redevelopment and restoration planning under EDAPHOS. Within
the analysing area a living lab has been established to support atevelopment of site solutions
with industrial partners, local residents, and puldiadministration (operational since March 2023).
This matters because it provides an existing governance setting for testing and evaluating
remediation and landuse options with stakeholder involvement. The site is highly contaminated
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with heavy metals (e.g. As, Cd, Pb, Zn) and PAHSs, with reported pollution hot spots. This
contamination profile can constrain soibased provisioning uses, while increasing the relevance
of remediationlinked regulating functions (e.g., exposure reduction,soil stabilisation, and
recovery of soil functions).

CSe6c¢ baseline mapping for ESS assessment

The ESS framing includes the administrative unit of Viewharmont, with potential cross
boundary relevance for Sochaux due to proximity to the commune bordéFigure25). The mapped
experimental site lies within a wider brownfield extent, and positive effects of remediatiand.,
improved availability of green areas) may plausibly extend into neighbouring areas. Higdsolution
land-cover information for VieuxCharmont is available via Urban Atlas, supporting spatial
estimation of ESSpotential across landcover types. (Source:EEA, 2026).

Boundary used for ESS analysis VieuxCharmont commune (with crossboundary effects
potentially involving Sochaux).

! X
ix' ! Exineoil ”-"’Onm_f,,)e
2 N

Figure 25 CS6 (red circle) within the administrative boundaries dfieuxCharmont commune (location of the
brownfield site; orange line indicates the administrative borders of the Vieharmont and
Sochoux communes.

Local socieeconomic and industrial context relevant to ESS

VieuxCharmont is a small, dense commune (population 2,829 in 2022; area ~2.5 kmz; density
~1,127 people/km?). Local employment at the place of work is reported as 536 jobs (2022), with
an unemployment rate (18364, census definition) of 12.4%, and 60 estalishments recorded at

end-2023 (industry share 10% of establishments). (Source: INSEE, 2025). The wider Pays de
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Montbéliard area has a strong automotivandustrial identity, with approximately ~80 automotive
related firms and ~15,000 direct jobs reported in the sector. This regional industrial profile is
relevant because it can shape local environmental pressures dnthe demand for regulating
services (air quality buffering, safe green space, and risk mitigation near legacy industrsites)
(Source: Pays de Montbéliard Agglomération, 2023; INSEE, 2019 the future analysis the ESS
interpretation should be focused on: (i) the confirmed HM + PAH contamination and hotspot
pattern, and (ii) the unused brownfield status, which together emphasise remediatidinked
ecosystem functions (stabilisation, exposureeduction, soil function recovery) as key pathways of
change. Given the borderproximate location, potential beneficiaries of improvements (e.g.,
increased availability of safe green areas) may extend into neighbouring communes, which is
important when as®ssing ESS distribution at the local scale

5.1.7 CS7 Lavrio (GR) sitecharacteristis

CS7 is located in the Lavrio area within the Lavreatiki/Lavreotiki administrative unit in East Attica
(Greece) (Figure 26). The ESS analysis is framed using the municipal administrative boundary to
ensure local policy relevance and consistent municipacale interpretation of ecosystem service
patterns and beneficiaries.

Experimental site

Figure 26 Location of CS7 within the indicative extent of the brownfield site (The red rectangle indicates the
area of the experimental site; the violet line indicates the area of the brownfield).
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CS7¢ site profile

The CS/ is described as a lignite mining area situated in a dense agricultural area, shaped by
along mining and metallurgical legacyFigure 26). CS7 is a longterm multrmetal contaminated
site, linked to ancient (c. 3006200 BC) and more recent (18641982 AD) mining and
metallurgical activities. Site profile thin a densely agricultural setting and functions as
a contaminated brownfield with no current use. Londerm multimetal contamination is reported,
with hotspots of Pb and Zn linked to ancient and more recent mining and metallurgical activity.
The area has supported phytostabilisation crop trials, indicating remediationoriented use
pathway and the potential to identify plant and microbial species relevant to soil depollution.
A detailed analysis of the CS and its immediate surroundings imdites that no photovoltaic farms
or power plants/CHP facilities were identified in the area. By contrast, technical infrastructure is
present, including road/rail connections and utility networks (water supply, electricity, gas, and
communications). The nearest builtup area is located approximately 2 km from the site, and
economic/industrial zones are recorded in the surroundings. Greearea features include anatura
site at about 10 km, a park at about 2 km, and a swimming reservoir at about 15 km. Noens or
streams were reported nearby; however, the Aegean Sea is indicated as the closest surface water
body. A municipal waste disposal site is reported at approximately 20 kiinom CS7 location
whereas no industrial waste sites were identified

CS7t baseline mapping for ESS assessment

The administrative unit used for baseline mapping is the Lavreatiki/Lavreotikunicipal boundary,
with CS7 mapped within the municipalit§Figure 27). Due to the lack of highresolution land cover
data, the analysed area is expanded beyond the immediate brownfield extent to allow estimation
of ESSpotential across different ecosystem types in and around the site.

Boundary used for ESS analysid:avreatiki/Lavreotiki municipal administrative boundary.
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Figure 27 CS7 (red circle) within the administrative boundaries dfavreatiki Municipality (location of the
brownfield site; orange line indicates the administrative borders of the municipality

Local socieeconomic and industrial context relevant to ESS

The CS7is embedded in a landscape with a strong posinining identity, reflected in its recognition
as a UNESCO Global Geoparkselated geopark designation (2023), which highlights the
geoheritage value and cultural landscape functions of the broader area. Thigiatext is relevant
for ESS assessment because local lanelse options typically need to balance redevelopment
ambitions with environmental risk management, while maintaining heritagelated place functions
(UNESCO, 2023).A documented component of the locaeconomic footprint is port activity Lavrio
Port Authority S.A. is responsible for the administration and operation of the Lavrio Port Zone,

Funded by
the European Union



D2.5 Reporton initial ecotoxicity and
ecosystemservices assessmentupadted) iﬂ EDAPHOS

supporting coastal transport connectivity and associated service functions (Lavrio Port Authority
SA, 2020; IAPH, 2026). Performed site characteristic data analysesndicate the presence of
industrial activities with significant electricity demand, suggesting an energgtensive local profile,
whereas toxicwaste-generating industries requiring storage are reported as absentn addition,
the area hostssubstantial touristic infrastructure, which can further increase electricity and water
demand, particulaty during the summer season. The wider area also hostsigher-education
institutions linked to environment and agriculturerelevant competencies, including the
Agricultural University of Athens and the National Technical University of Athens

5.2 Landuse scenaris

Within the ESS assessment performed under WP2, Task 2.ESS provision was estimated for
each CS under three alternative future lanelse scenarios. The scenario approach was adopted
to capture different, realistic redevelopment pathways and to enable a structured comparison of
their implications for ecosystem functions and benefitdzollowing internal consultations, in order
to ensure consistency and comparability of results across all sites, a decision was taken to
harmonise the scenario set and apply thesame three scenario directions to every CS. The
selected redevelopment pathways are illustrated irigure 28 and described in the sectionbelow.

1. Forest Restoration 2. Industrial Use 3. Meadow / Grass

Figure 28 Potential futureland-use scenarios for degraded landCS).

70

Funded by
the European Union



D2.5 Report oninitial ecotoxicity and

:?/ EDAPHOS ecosystemservices assessment(upadted)
Scenario 1 The selection of the forest restoration scenario is directl
— aligned with the overarching objectives of the EDAPHO!
Forest Restoration project, which promotes NBS as effective remediatior

pathways enabling the recovery of degraded ecosystem:
and the restoration of soil funabns. Within this framework,
afforestation represents a welkstablished NBS approach
that supports ecological regeneration while addressing
contamination legacies through the gradual stabilisatiol
and improvement of soil conditions Furthermore, forest
restoration strongly supports EU climate and biodiversit
policies, including the European Green Deal and the El
Biodiversity Strategy for 2030, which recognise
afforestation and reforestatioras key NBS contributing to
carbon sequestration, biodiversity enhancement, and increased ecosystem resiliencés
highlighted in recent analyses of EU climate policy integration of NBS (e.
https://www.climatescorecard.org), forests play a critical role as lonterm carbon sinks while
simultaneously delivering multiple cdoenefits such as habitat creation, impreed water
regulation, and enhanced landscape connectivity.The ESS assessment for this scenaric
supports forest restoration as a realistic and sustainable remediation optiamithin EDAPHOS
and the policy context. It is assumed that, within the ESS assessment, afforestation will &
shown to help transform a contaminated, degraded site into a highalue natural area. Under
this pathway, the restored forest may deliver multipl&SS including climate regulation, soil
stabilisation, biodiversity support, and cultural and recreational benefit$he forest restoration
scenario represents a scientifically grounded and poliegonsistent pathway that supports both
environmental recoveryand long-term landscape resilience. This confirms its suitability as
preferred direction for the remediation and ecological rehabilitation of contaminated siteBhe
application of NBS using hybrid poplar varieties tested in the project can be used both f
afforestation and for creating shorterm plantations (short rotation coppice). In the first case
the scenario will aim to create a broadeaved forest ecosysem, while in the second case, the
crop structure will be classified as transitional woodlatishrub according to the land cover
classification (CLC).

The industrial reuse scenario (e.g., a photovoltaic (PV
plant for energy generation, and optionally industrial o
warehouse use) is included because it is often the mos
realistic option for heavily contaminated posindustrial
land. On some sites, contanmation levels and related risks
may remain too high to meet threshold values required fo
more sensitive land uses In such cases, landuse
restrictions may limit the site to industrial functions ever
after mitigation measures.This scenario is also constent
with European Union policy directions. EU strategie:
promote the principle of
aim to reduce pressure on undeveloped landReusing
already degraded sites for new functions, including
renewable energy, supports these

Scenario 2

Industrial Use
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goals and helps avoid additional land takeFinally, the scenario is used to show that a site cal
still deliver benefits to society even when the endse remains industrial. In the PV option, the
key benefit is the provision of clean energy. This can contribute to climate mitigation and ener
transition targets. It also aligns with broader United Nations objectives linked to climate actio
resilient infrastructure, and responsible land use.

Scenario 3 The grassland (e.g. grassland andmeadow) scenario is
— selected as a naturalnature-based) pathway for degraded
Meadow / Grass and postindustrial land, because it rebuilds ecologica

functions primarily through biological processes rathe
than intensive engineering It supports the gradual
recovery of soil structure and functioning (microbial
activity, organic matter formation, infiltration and watel
cycling), while reducing erosion and dust mobilisation
improving local microclimate, and creating habitats tha
attract and reconnect local flora and faunaThis direction
is strongly aligned with European Union guidance for sa
renewal and brownfield regeneration, where priority i
placed on restoring soil health and ecosystem functions,
enhancing biodiversity and

promoting land recycling (reusing degraded sites instead of expandiranto greenfields).In this
framing, natural succession and meadow establishment are treated as practical tools to resto
the ecological value and spatial structure of posindustrial areas and to support longerm
resilience

5.3 Baseline mapping procedure

The first stepof Task 2.2was to determine the spatial scale and geographical coverage of areas
where the planned activities could cause impacts on economic, environmental, and social
aspects. ESS mapping studies were set on the administrative units that included all identified
negative environmental impacts of the contaminated sites under consideration. In the next step,
CORINE land cover classes were used to delineate different ecosystem types of land cover in the
study areas. The CORINE Land Cover (CLC) project has been the respsibility of the European
Environment Agency since 1995, with the fundamental objective of obtaining a European
database of land use at a scale of 1:100,000, useful for territorial analysis and policy management.
The CORINE Land Cover classes (Bossard etl., 2000) were used to delineate, categorize and
map the different ecosystem types of land cover in the study areggigure 29). ESS Corine Land
Cover map has too low spatial resolutionfor evaluationcultural ESS Accounting indicatorsthat
quantity potential forin-situ and outdoor interactions with living systemshigh spatial resolution
data provide more useful informationThis applies in particular to small administrative units located
in areas with a significant proportion of urbanized aré@$ 1, CS@p this case, more detailed data
was used: Urban Atlaand OpenStreetMap Landcoverhe types of OSM land cover wexssignedo
CLC categorie€orrespondence between CLC Classes and ecosystem types presentedin Figure

30.
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CLC Level 1 CLC Level 2 CLC Level 3 it b
) 1.1.1. Continuous urban fabric
LR N 1.12. Discontinuous urban fabric
121 Industrial or commercial units
1.2. Industrial, commercial and 122 Road and rail networks and associated land
transport units 123 Port areas
1. Artificial surfaces 124 Airports
1.3.1. Mineral extraction sites
::eswmdm)andcmstnxum 132 Durp sites
1.3.3. Construction sites
14 Artificial non-agricultural 141 Green urban areas
vegetated areas 142 Sport and leisure facilities
2.1.1. Non-irrigated arable land
2.1 Arable land 2.12 Permanently irrigated land
2.13_Rice fields
221 Vineyards Croptand
2.2 Permanent crops 222 Fruit trees and berry plantations
o 2.23. Olive groves
il T 231 Pastures Grassiand
241 Annual crops associated with permanent crops
: 242 Complex cultivation pattems
24 Heterogeneous agnaltul 15 23 Land prinipally occupied by agicuture, wih Cropland
significant areas of natural vegetation
244 Agro-forestry areas
3.1.1. Broad-leaved forest
3.1 Forests 3.1.2. Coniferous forest
3.1.3. Mixed forest
3.2.1 Natural grassland
3.2 Shrub and/or herbaceous 3.2.2. Moors and heathland
3. Forests and semi- vegetation association 3.2.3. Sclerophyllous vegetation
natural areas 3.2.4 Transitional woodland shrub
33.1. Beaches, dunes, and sand plains
3.3.2. Bare rock
33. Open spaces with little or no 5, Sl e
vegetation
334 Bumt areas
335. Gladiers and pempetual snow
4.11 Inland marshes
4.1 Inland wetlands 2.12 Peatbogs
4. Wetlands 421 Salt marshes
4.2 Coastal wetlands 422 Salines
423, Intertidal flats
5.1.1 Water courses
ot ] s 5.12 Water bodies
5. Water bodies 5.2.1 Coastal lagoons
5.2 Marine waters 5.22 Estuaries
5.23 Sea and ocean

Figure 29
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Corine Land Gover Class cs1(FR) | cs2(GR) | csa(es) | csa(py | cssgr) | cse(rr) | cs7(GR)
[Conti urban labric
Di i urban labric

Industrial or commercial units
Road and rail networks and associated land

Partareas

[Airports

Mineral extraclion sites

Dump sites

[Cons truction sites

Green urban areas

[Sport and leisure lacilities

Non-irigated arableland

F imigated land

Rice fliglds

Vineyards

Fruit trees and berry plantations

Olive groves

Paslures

[Annual crops associated with permanent crops
(Compl ivation patierns

Land principally pied by agriculture, with signilicant areas of natural

[Agro-lorestry areas
Broad-leaved Torest
[Coni Torest
Mixed Torest
Natural grasslands
Moors and

Transitional woodland-shrub
dunes, sands
Bare rocks
5p y areas
Burntargeas
i and Snow
Inland marshes
Pealbogs
Salt marshes
Salines

Tats
(Water courses
(Water bodies
(Coastallagoons
Estuaries

Sea and ocean

type [ £ to CLC) not within the analysed area.
| type [ gto CLC) within the analysed area.

Figure 30 CORINE Land Cover classes used in the ESS assessment (Task 2.2) [Source: GR@B].

To evaluate some ESS Corine Land Cover map is in too low spatial resolution
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6 Valuation of Ecosystem Services

6.1 Ecosystem services assessment for CS1

In this section, the valuation of ESS for CS1 (France) is presented in relation to the local context,
considering the site profile, current lanelse conditions, and the defined lanelse scenarios. At
the same time, data preparation and processing were haronised across all analysedCS to
ensure that the results are comparable and based on consistent calculation assumptians

6.1.1 Biomass productiorf ESS1)

The assessment of ESS1l{iomass productior) for CS1is based on the energy potential indicator
EP (GJ-had#-yeard). EP is derived from the annual increment of abovground biomass AGBInc (t
d.m.-haod-yearsd) using the following relationship:

EP = AGBinc x CGJ-hat$-yeardd]

Where:

- CV is the calorific value of the biomass (GX& d.m.), adopted in line with the ESS1 service card
- AGBIn aboveground biomass AGBInc (t d.m.-h&s-yeard),

- EP is energy potential

During the data preparation stage, the available sources of AGBinc were reviewed, including
inventory data, literature sources, and proxy indicators. In practice, the data available for France
were found to be fragmented and methodologically inconsistentainly due to differences in the
definitions of increment/production, the units used, and the typological coverage. As a result, the
potential for direct comparisons across lanetover types and between CS2CS7 was substantially
limited (Table 12).

To ensure consistency and comparability, the ESS1 (biomass production) assessment for@$,
under each of the three analysed landise scenarios, was based on a single common reference
source (benchmark). Harmonised forest increment results were adopted from the publication
“Improved largearea forest increment information in Europe through harmonisation of National
Forest Inventories (Forest Ecol ogy and Management,
comparable increment data across countries and forestypes, including the aboveground
biomass increment (AGBInc), and therefore supports a consistent calculation basis across case
studies.

Table 12 Annual biomass production on different types of land in France.
Min Max . .

Land type (thalyear) (thalyear) Unit Biomass type/notes References
Above-ground biomass  [Gschwantner,

Broadleaved forests = 4.03 4.03 t/halyear increment (GAI7) et. al, 2024].
. Above-ground biomass  [Gschwantner,

Mixed forests 4.20 4.20 t/halyear increment (GAI7) etal., 2024]
. Above-ground biomass = [Gschwantner,

Coniferous forests 4.75 4.75 t/halyear increment (GAI7) etal,, 2024]

Wood mass at 12%
moisture (stem/wood
4.20 5.40 m3/halyear  proxy); wood density [CIP, 2020]
3502450 kg/m3 (12%
moisture)

Poplar monoculture
(poplar plantations)
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Min Max . .

Land type (thalyear) (thhalyear) Unit Biomass type/notes References

Grassland?

permanent Annual dry matter [Les Etudes

productive 5.00 5.00 Uhalyear production (DM) Report,2024]

grasslands

Grassland?

Annual dry matter [Les Etudes
temporary 6.00 6.00 t/halyear production (DM) Report,2024]
grasslands
Grassland?

Annual dry matter [Les Etudes
permanent low 1.50 1.50 t/halyear production (DM) Report, 2024]

productive (estives)

Due to the lack of consistent regional data for grasslands, a typologyased approach was
adopted and a representative value was applied for productive lowland meadows in the temperate
zone (Table 13):

AGBIinc =5.00 t d.m.-had-yeard

(a working value reflecting a typical level of drynatter production for this type of land use).

Table 13 Estimated annual aboveground biomass increment (AGBinc) for grasslands in NUTS2 regiors
assumptions and literaturebased justification.

Tvoe of Estimated AGB
NUTS2 Region szsslan d increase (t Rationale (climate / intensity) Citations
9 DM-hats-yres)
Temperate C3 grasslands: lower [Obermeier
llede-  EMperate precipitation and higher summer etal,
FR10 lowland 426 . . . 2018],
France temperatures reduce productivity, but it still
meadows remains at a few t/halyr [Andresen
y etal., 2018

For scenarios with partial vegetation cover, coefficients consistent with the scenario assumptions
were applied:

PV_groundmounted = 0.8 x grassland and Industrial/commercial units = 0.2 x grassland

This approachmaintained comparability across scenarios while reflecting the reduced biologically
active area.Table 14 presents the input data used to calculate ESS1 (biomass production) for CS1,
including AGBInc, CV and the resulting EP values for each larabver component considered in
the scenarios.

Table 14 ESS12 Calculation parameters for the biomass energy potential for CS1 (FR10).
cLC Couling Land Cover AGBinc cv EP
clasification 9 (tDM/halyr)  (GJ/tDM) (GJ/halyr)
31.1 Broad-leaved forest 4.03 18.5 74.6
14.1 Green urban areas-grassland or lawns 5.00 17.5 87.5
1.2.1 Industrial- PV installation (80% grassland) 4.00 17.5 70.0
3.1.2 Coniferous forest 4.75 18.5 87,9
3.24 Transitional woodland/shrub (poplar plantations) 6.60 18.6 1225
121 Industrial- buildings and halls (20% grassland) 1.00 175 17.5
211 Non-irrigated arable land- Brassica juncae 7.20 175 126.0
211 Non-irrigated arable land- Lablab purpureus na na na
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Table 15 provides a scenarielevel summary of ESS1 results for CS1 by compiling the EP outcomes
across the defined landuse scenarios. The reported values enable comparison between
scenarios under a consistent calculation framework and a harmonised set of biomasgiement
assumptions.

Table 15 A summary of ESS1(Biomass production)results for the different CS1 lanelise scenarios.
Land-use scenario Scenario 1 Scenario 2 Scenario 3
Energy potential [GJ/halyear] 122.5 70 87.5

The reported values enable comparison between scenarios under a consistent calculation
framework and a harmonised set obiomassesincrement assumptions.

6.1.2 Regulation of soil quali{ ESS2)

In this section, the ESS2 indicator (regulation of soil qualityfor CS1 was estimated as the potential
for metal accumulation in plant biomass under the analysed langse scenarios. As part of the
literature review, concentration ranges of several metals in plant biomass were compiledy. Cd,
Pb, Zn, Cu, and Ni (Table 16). However, for valuation purposes, one representative metal was
selected: (Cd), which is frequently reported in environmental studies, it has no nutrient function
(unlike Zn or Cu), and its accumulation in plant tissues provideswseful indicator of contamination
pressure. In addition, Cd is often more mobile and more readily translocated to abogeound
plant parts than Pb, which increases its suitability for scenario comparisons based on AGB.

Table 16 Heavy metal concentrations in the biomass of broadleaf species
. Leaves Stem Wood
Metal Species Source
P [mgkg]  [mgrkg]
Betula pendula, Fagus [Jakubiak et al, 2025], [KandzioraCiupa et al,
Cd sylvatica, Acer 0.22 0.6 0.0520.15 2022], [Bierza & Bierza 2024]
pseudoplatanus [Algreenetal.,2013,[Budzynska Jet

[Baycu et al, 2006], [Jakubiak et al., 2025]

Betula pendula, Quercus [KandzioraCiupa et al., 2022], [Bierza & Bierza,

2 2
Pb robur, Platanus orientalis 5.0%150 | 05220 2024], [Algreen etal.,2013, [Budzy ns k a
2023]
[Baygu et al., 2006], [Jakubiak et al., 2025]
7n Blzttl;r?ori)c?:sdulg ﬁzer 50.02 502 300 [Kandziora-Ciupa et al., 2022], [Bierza & Bierza,
P . »rag 150.0 ' ' 2024], [Algreen et al.,2013] [Budzy ns ka
sylvatica
2023]
[Jakubiak et al, 2025], [KandzioraCiupa et al,
Fagus sylvatica, Betula 2 2 2022], [Algreen et al.,2013, [Budzynska
cu pendula, Tilia cordata 502150 1.02 4.0 2023], [Baygu et al, 2006], [Nechita et al,
2025]
Platanus orientalis, Betula ‘[’:IK?ndzm?guipg ?t al, 2[0282]£J[glgzreen e; K a
Ni pendula, Fraxinus 1.025.0 0.52 3.0 - ' yn

2006], [Nechita et al., 2025]

excelsior [Kaoukis et al, 2018]

As part of the parameterisation of metal concentrations in conifer biomass, relevant literature
sources were reviewed.A literature review conducted to determine ESSkhow that data for
needles are widely available, but they show high variability depending on species, site conditions,
anthropogenic pressure, and the age of the assimilatory tissues. At the same time, many studies
focus on needles or bark as biomonitors and do notrpvide comparable values for stem wood,

nor a ¢ oneesllessversus stemwood® dat aset for t Roethid reaboh, s et
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instead of averaging results from heterogeneous studies, an approach based on one internally
consistent dataset was adopted, covering both needles and stem wood analysed with the same
methodology. The study by Skonieczna et al. (2014) was selected as theabeline source. In that

work, 15 Pinus sylvestristrees from five stands were analysed. The investigated forests were
located in an area influenced by anthropogenic pressures, but not in the immediate vicinity of point
emission sources.

For the assessment, mean concentrations of Cd, Zn, Pb, and Cu were introduced for needles (as

a representative
fraction). Cadmium was then used for the subsequent valuation stepdble 17).

Metal

Cd

Cd

Cd

Cd

Pb

Pb

Pb

Pb

Zn

Species

Pinus
sylvestris

Pinus nigra

Pinus
massoniana
Pinus
sylvestris
Pinus
massoniana

Pinus nigra

Pinus
sylvestris

Picea abies

Pinus
sylvestris

Needles
[mg/kg]

0.10
0.142 0.42
0.182 0.48

0.12

4.802
12.40

0.752 4.96
1.10
0.502 1.50

~45.00

Wood
[mg/kg]

0.24
n.d.
n.d.
n.d.
n.d.
n.d.
0.54
n.d.

13.00

of

t he

Experimental Conditions / Location

Natural forest background; NW

Poland.

Urban centers (Salzburg, Belgrade);
urban pollution.

"l eaf®°

Table 17 Heavy metal concentrations in the biomass of conifer species

Urban-rural gradient (China);
highest in industrial zones.

Urban parks; comparative study of

pine species.

Industrial areas and road traffic; high

surface deposition.
Urban monitoring; high

accumulation in bark (up to 17.4).

Clean forest habitat; low lead
availability in soil.
Seminatural ecosystems

(Lithuania); atmospheric deposition.
Physiological levels required for
natural growth.

fraction)

Source

and fc

[Skonieczna et al.,

2014]
[Sawidis et al.,
2011]

[Sun et al., 2009]

[Juranovi h

etal., 2019

[Sun et al, 2009]

[Sawidis et al,
2011]

[Skonieczna et al,

2014]

Mfeburnis
Steinnes 2000]
[Skonieczna et al,

2014]

For poplar plantations, several literature sources were reviewe(able 18). As in other cases, it

was found that experimental conditions were often not comparable between studies. Therefore,
the focus was placed on a single publication that reported concentrations in poplar leaves and
shoots in a format suitable for comparison@oss case studies.

Based

on

t he

revi

ewed

evi

dence,

PilipovSSk et al

parameters for poplar plantations, as it provides a coherent empirical dataset covering both leaves
and shoots/stems, analysed using the same methodology and under the same experimental
This all
without merging heterogeneous studies and without additional assumptidrased conversions. In

addition, the study reports several metals (including Cd, Zn, Pb, and Cu) in a w#hat supported

the selection of values representative of moderate anthropogenic pressure, thereby improving
comparability between landuse scenarios within the 5S2 assessment.

conditions(Table18).

Metal

Cd

Table 18

Species /
Variety
Salix
viminalis

owed

t he 1

eaf

versus

Heavy metal concentrations in the biomass of poplar and willow crops

Leaves Wood/Shoots
[mg/kg] [mg/kg]
5502

2
10.20 2.502 4.00

Experimental Conditions / Location

Soil amended with contaminated

river sediments (Serbia).

78

Source

[Pilipovic et al.,
2019]

wood/ sho
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Metal Spegesl Leaves Wood/Shoots Experimental Conditions / Location =~ Source
Variety [mg/kg] [mg/kg]

Populus 11.802 4-year field study on toxic mine
Cd . ~ 36.60 . S tal., 2021
deltoides 118.30 tailings. [Suoeta |
. S . [ Radoj Tih
cd Populus 21.302 10.00 2 Pot experiment; soil artificially spiked Redovni kov
nigra 107.30 30.00 (10250 mg Cd/kg).
2017]
Poplar 1.502 Experimental field; composite metal .

Cd . .d. o . Lietal., 2024
Hybrids 15.00 : contamination (China). [Lieta ]
Populus 16.002 Extreme field conditions; mine

Pb .d. tal. ,2021
deltoides 486.00 : tailings (paddy/mineral). [Suoetal, ]

RadojTih

Pb Populus 60.00 2 15.00 2 Pot experiment; soil spiked with lead L R : o 3 ]n : :( oV
nigra 160.00 45.00 (40021200 mg Pb/kg). 2017]

4502 Sediment remediation; Pb shows low [Pilipovic et al.,

Pb Popul . 1.502 2.50 .

opulus sp 8.00 root mobility. 2019]
Populus 200.00 2 Very high zinc availability in mining
Z ~118. l., 2021
: deltoides 606.00 8.00 substrate. [Suoeetal., 2021]
Poplar 0.502 Composite pollution; low arsenic .
A . .d. . Lietal., 2024
S Hybrids 2.50 : translocation to leaves. [Lieta ]
Poplar 0.052 Experimental field; trace amounts of .
H .d. L l., 2024
g Hybrids 0.15 nd mercury in leaves. [Lietal, 2024]

Forscenariowith grassland, an aboveground biomass (AGB)based approach was applied, using
metal concentration ranges in herbaceous plant tissues as reported in the literatu(eable 19). To
reflect the typical spread of values associated with different levels of anthropogenic influence,
three pressure levels were compiled (moderate, heavy, and extreme), representing, respectively,
urban and transport impacts, postmining areas, and locaibons in the immediate vicinity of
smelters.

However, for the purpose of the BS2 valuation, the moderate contamination variant was adopted,
as it was considered representative of the common anthropogenic background conditions
observed across theCS landscape and the analysed lad-use scenarios. This choice reduced the
influence of extreme concentration values that could otherwise dominate the result, and it ensured
that differences in ESS2 were driven primarily by lanecover type and AGB magnitude rather than
by exceptional, localised point sources bpollution.

Table 19 Heavy metal concentrations in the aboveground biomass of grassland species
. . Leaves . o
Metal Species (Latin name) Scenarios & Conditions Source
[mg/kg]
Moderate: urban/industrial areas; impact of
Dactylis glomerata, 052 . . . e . I e [Carabulea et al,
Cd city emissions and tr
Festuca sp. 1.0 . . 2024]
Mi cg) .
[Kicinska ¢
. . S 2019], [Teodoro et
.02 H : - ; sail h high Z
cd Agrostis capillaris 5.0 eavy: post-mining sites; soils with high ZfPb al, 2019], [Ki ¢ i n

15.0 content (e.g., Olkusz/Bukowno). & Gruszecka

Kosowska,2016]

10.02 Extreme:direct vicinity of smelters and river
Cd Grassland mix ' floodplains contaminated by mining (e.g.,

25.0 .
Litavka).
Funded by
the European Union

[Asare et al, 2025];
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. . Leaves . .
Metal Species (Latin name) v Scenarios & Conditions Source
[mg/kg]

Gruszecka
Kosowska,201q

Pb Dactylis glomerata, 8.02 Moderate: historical industrial deposition; Carabulea et al.

Festuca sp. 15.0 medium pollution index. (2024)

[Ki cinska ¢
2019], [Teodoro et

Pb Agrostis capillaris 20.02 Heavy: metalliferous grasslands on calamine al, 2019, [Ki ci 1
40.0 waste heaps.
& Gruszecka
Kosowska,2016]
[Asare et al., 2025]
Pb Grassland mix 40.02 Extreme:sr_nelter—affgcted areas; high [Ki ci&ska
300+ atmospheric deposition on leaf surfaces. Gruszecka
Kosowska,2016]
7n Dactylis glomerata, 70.02 Moderate: areas with elevated geochemical Carabulea et al.,
Festuca sp. 100.0 background and urban pressure. 2024]
7n Agrostis capillaris 300.02  Heavy: colonization of industrial tailings by [Carabulea et al.,
600.0 metal-tolerant species. 2024]
[Kicinska ¢
1000.0 . S 2019], [Teodoro et
o Crswamx 2 SUESPROMPTAIO il
2500.0 ' & Gruszecka
Kosowska,2016]
Asare et al. (2025);
. . 3.02 Uniform: Low mobility across most grassland Ki ci nska a
Cu Various species . L . . _
7.0 scenarios; often within physiological limits. Gruszecka
Kosowska,2016

Table20 presents the input parameters and calculation outputs used to estimate theSS2 indicator
for CS1 (FR10), expressed as the potential annual Cd accumulation in aboggound plant
biomass. It combines AGBInc values (from ESS1) with tissue Cd concentrations and harvest
fractions to derive Cd concentration in harvested biomass and theesulting Cd removal perha
and year, in accordance with the methodology described in Section 4.3

Table 20 Calculation sheet for E5S2 (Cd): biomass increment, concentration assumptions and annual
removal
Corine Land Cover AGBinc f_leaf Cd_C_leaf Cd_C_stem Cd_C_harvest Cd_Removal
(tbM/ha/yr) (season (mg/kg (mg/kg DM)  (mg/kg DM) (g/halyr)
[from ESS1] harvest) [0- DM) [input] [input] [calc] [calc]
1]
Broad-leaved 4.03 0.2 0.4 0.1 0.16 0.6
forest
Green urban areas 5.00 1 0.4 0.1 0.48 2.4
-grassland or
lawns
Industrial- PV 4.00 1 0.4 0.1 0.48 1.9
installation (80%
grassland)
Coniferous forest  4.75 0.2 0.4 0.1 0.16 0.8
80
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Corine Land Cover AGBiInc f_leaf Cd_C_leaf Cd_C_stem Cd_C_harvest Cd_Removal
(tDM/halyr) (season (mg/kg (mg/kg DM)  (mg/kg DM) (g/halyr)
[from ESS1] harvest) [0 DM) [input] [input] [calc] [calc]
1]
Transitional 6.60 0.2 7.85 3.25 4.17 275
woodland/shrub
(poplar
plantations)
Industrial - 1.00 1 0.4 0.1 0.48 0.5

buildings and halls
(20% grassland)

Table 21 summarises the ESS2 results for CS1 across the analysed lantse scenarios, reported
as the estimated potential annual cadmium (Cd) accumulation in abovground biomass
(g-hatd-yeards).

Table21 A summary of ESSARegulation of soil quality)esults for the different CS1 lanelise scenarios.
Land-use scenario Scenario 1 Scenario 2 Scenario 3
Potentialannual pollutantaccumulation 275 19 24
[g/halyean

6.1.3 Mitigation of climate change (carbon dioxide sequestrat{&9S3)

Evaluation for ESS3vas based on annual carbon sequestration expressed inCOFRhalyearas its
indicator. Total carbon sequestrationwas calculated as the sum of aboveground biomassand
below-ground carbon accumulation which was later converted to CO. equivalent The
methodologyfollowed the carbon allocation models for poplar plantationsas specified in the ESS3
card earlier in the document.

Acquiring information about the AGBinc followed the same procedure as described in ESS1, which

involved analysing the accessible sources of data such as literatureyventory dataand indirect

indicators. For the Carrieres-Sous-Poissysite in France (CS1) the data proved methodologically
inconsistent and dispersed, which resulted in various definitions of production, growth, typological

ranges or units. Therefore, a direct comparison between the coverage types was limited. The

values br AGBInc across the deliverable are based on the harmonized data sourced from the

| mpr ov ama forestringrement information in Europe through harmonization of National
Forest I nventories® (Forest Ec¢cwhichpwwdedazomparaida na ge me
results regarding the annual growth across most of the countries regarding forest types.

The BGBinc value was derived from the AGBinc value by using the AGBindGBinc, annual
above- and belowground biomassratio. The rootto-shoot ratio was based upon the literature
findings such asOliveira Rodriguez et al(2018) and Intergovernmental Panel on Climate Change
in 2003 and 2006 due to their unified methodology across countries, to best estimate the BGBinc
(Table 22). Based on those findings, the ratio for industrial and commercial land use scenario was
calculated based on the value of about 20% of the grassland AGBinc to BGBinc ratio, and the
scenario assuming the groundmounted photovoltaic farm designation accounte for 80% of the
grassland coverage value.

Funded by
the European Union
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Table 22 Sources used for the estimation of below ground above ground ratio (%).
CS1 (FR)- types of management AGBIinc - BGBinc ratio (%) Sources
Broad-leaf forest 0.43 IPCC (2003) A 3A18
Coniferous forest 0.46 ( ) Annex 3A.
IPCC (2003) Annex 3A.1.8
Grassland 1.58 Mokany, Raison & Prokushkin (2006)
Poplar cultivation 0.21 Oliveira (2018)

After calculating the values of the BGBIinc from the ratio and the AGBInc values provided, the
results wereadded and multiplied by the C fraction to account for the carbon content. The carbon
content values in dry matter are assumed aapprox. 50% values, supported by literature(Table
23).

In the next step the results were converted to th€€OF equivalentby multiplying the final value by
3.67 (ratio of the atomic mass of the molecules)The indicator reflects the annual flow of carbon
sequestration associated with biomass growth, rather than longerm carbon stock changes.

Table 23 Sources used for the estimation of C fraction of carbon content in dry mass.
CS1 (FR)- types of management C fraction of carbon content in dry matter =~ Source/Reference
Broad-leaf forest 0.46
[IPPC, 2003]
Coniferous forest 0.46
Grassland 0.48 [Shiferawet al., 2022]
Poplar cultivation 0.48 [Shiferawet al., 2022]

The results for the region ofCarriéres-Sous-Poissy site in France (CS1) show that the annual
carbon sequestration for broadleaf forests is about .93 t (CORhal/year), with similar results for
coniferous forests 11.71 t (COFhalyear) and estimation for poplar plantation 9.81 t
(COHRhalyear) (Figure31). The highest values for annual carbon sequestration resulted in grassland
coverage, at 2273 t (CORhalyear), majorly due to much more potent root biomass, which had
shown and increased ability in terms ohccumulation of carbon than any the forest types of

management. Those results were used to provide backgroundand use valuesfor the evaluation
of the values forScenarios1, 2 and 3.

ESS: MITIGATION OF CLIMATE CHANGE

PL Srednia roczna ilosé Stosunek biomasy Srednia roczna ilosc biomasy |Srednie stezenie weglaw [N EL k] Roczna sekwestracja wegla
biomasy nadziemnej z ponide] - powyiej gruntu | korzennej z hektara biomasie (30} [k ar/ha) wiyrazona w t {0,/ ha/year)
hektara (tDM/halyr) (DM had yr}

ENG Average anual amount of |Below ground - above Average annual amount of Biomass mean Carbon sequestration  Annual carbon sequestration
above-ground biomass | ground ratio below biemass from ha concentration of carbon (t'year/ ha) expressed in t (CO/ha/year)
from ha (tDMJhatyr) [tDM. hasyr) {38}

‘Conversion factor from
Carbon (C) to GO
equivalent

367

C51(FR) - Carriéres-Sous-Poissy

Forest broadieaf poplar 4,03 0,43 1,733 0,45 2,851 8,7

Grassland 5,00 1,58 7,900 0,48 5,192 22725

PV_groundmounted (£0% grassland) 4,00 158 6,320 0,48 4,954 18,180

coniferous 4,75 0,46 2,185 0,46 3,130 11,708

poplar cuttivation 4,80 0,21 1,008 0,46 2,672 9,805

Industrial of commercial units (209 grassland) 1,00 1,58 1,580 0,48 1,238 4,545

Figure31 Calculationsconcerning the ESS3 indicato? annual carbon sequestration expressed in t

(COHRhalyear)for the Carrieres-Sous-Poissy site in France (CS1)

For the Scenario 12 NBS solutions, thevalue of poplar plantationsvas assumed.The 2™ Scenario
for ESS3considered 80% vegetationin AGBinc and BGBinc value due toa decreased but still

82
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present level of lowvegetation growth. For Scenario 3, the value of grasslands was assumed as
an option for lowvegetation, recreational approach(Table 24).

Table 24 A summary of ESS3 Annual carbon sequestration expressed in t C8halyear for the different
CS1 landuse scenarios.

Land-use scenario Scenario 1 Scenario 2 Scenario 3

ESS3- Annual carbon sequestration expressed in t

COHRhalyear 9.805 18.18 22.725

6.1.4 Air quality mitigatiofES$4)

Evaluation of ESS4 considers theamoval of atmospheric pollutants (specifically particulate matter
PMy, and PM:s) by tree and shrub canopies in urban, pefrurban and rehabilitated postindustrial
areas through dry deposition processesThe main indicator is the annual removal of particulate
matter PM,, particles expressed int/ha/year. The methodology is based on the dry deposition
mode, established byTallis et al. (2011) where:

Absorption of PMy = Flux (V) x Surface (SA) x Period (t) (tkmz3/year)
where:

- Fluxis the pollutant to the surface (amount removed per unit area and time), calculated by multiplying the deposition
velocity of the pollutant (m/s), which depends on canopy structure and wind speed and the concentration of the
pollutant in the atmosphee.

- Surface is the considered surface area multiplied by the surface area index functioningamgiven area (LAI).

- Period accounts for the period of analysis in days, multiplied by the proportion of dry days and the proportion of
non-leaf days.

The total annual pollutant removal is calculated by integrating deposition fluxes over the vegetated
surface area of each landuse scenario.The above contributes to the calculation as follows:

-V =deposition velocity (m/s) x pollutant conc(ug/m3)
1 Flux (ug/m3) was then converted to daily flux by multiplying it by 86400
- SA=LAI (m?/m?) x area of land considered (m?)
- t=period of analysis (days) x proportion of dry days (fraction) x proportion of deaf days (fraction)
f  Afterwards the absorption oPMiowas converted from (Yg/ mi/year) to

The approach of Tallis et al. considers the "filtering" effect of differeritee types regarding
deposition velocity (broad-leaved vs. coniferous). Coniferous trees are generally more efficient
due to higher Leaf Area Index (LAI) and yearound foliage. The canopy assessment considered
Calculation of the Tree Canopy Area (TCA) using Land Cover data and NFI (National Forest
Inventory) to determine the active surface area for depositionTo calculate the total annual
removal load, thelocal air quality moniteing data (PM.o/PM, s concentrations) were integrated.

The data forthe Carrieres-Sous-Poissysite in France (CS1) involved land use scenarios for the
broad-leaf forest, coniferous forest, mixed forest, pastures, grasslands and photovoltaic farfor
each of the components of the model, the literature research was carried out to scope the best
range of unified results to produce comparable values. In some cases, it was not possible to gather
data regarding each of the components of the model, in wibh case anaverage was used from
the data regarding countries or regions in the world with closest ecosystem type, for the results to
be compatible.

Funded by
the European Union
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Regarding the deposition velocity by land use type, no data was found in the research for the
Carriéres-Sous-Poissy region, however, comparable data were used from European, U.S. and
Italian databases to provide a baseline. Data gathered fromlarando et al. (2016) investigated
deposition velocity in various vegetation types in mediterranean climate, its main reference point
being Rome, Italy, using the-Tree Eco dry deposition mode(Table 25).

Table 25 Estimated deposition velocity in mediterranean climate bylarando et al. (2016).
Vegetation Type Deposition Velocity (cm s8) Additional observations
Broadleaf trees (inleaf) 0.521.5 Higher during full leaf area
Coniferous trees 1.022.0 Yearround interception
Grass/shrubs 0.220.8 Lower aerodynamic roughness

Another study byMariarosa et al. (2019)provided information inDry deposition modelling and
validation in urban and suburban ltalyrepresentative of mediterranean and temperate climate
(Table 26).

Table 26 Estimated deposition velocity in regions managed as lowegetation or industrial/urban sites by
Mariarosa et al. (2019).

Land use type Deposition Velocity (cm &%) Additional observations

Industrial surfaces 0.120.5 Smooth surfaces lower deposition
Suburban vegetation 0.321.2 Higher roughness enhances capture
Grasslands 0.220.6 Moderate

Other studies which represented estimation of deposition velocity on a global scale in temperate
and boreal regions, their focus on U.S and central Europd.ovett (1994) investigated particle
deposition velocity in coniferous forests, deciduous forests and grasslands, with results statied
Table 27.

Table 27 Estimated deposition velocity in temperate and boreal climate by Lovett (1994).
Land use Particle Deposition Velocity (cm 3) Additional observations
Coniferous forest 1.023.0 High canopy roughness
Deciduous forest 0.522.0 Seasonal variation
Grassland 0.120.5 Lower surface roughness

Considering thesite in Carrieres-Sous-Poissysite in France lays in the temperate climate bela
cross-study synthesis was performed to best account for the values of deposition velocity for the
different types of vegetation inCarrieres-Sous-Poissyregion, and an average of values was used
for following calculationg(Table 28).

Table 28 Cross-Study Synthesis Deposition Velocity by Land Use Type.
Land Use PM10 (cm s#) Represented regions Sources/Reference
Broad-leaf forest 0.522.0 North America, Italy Marando et al. (2016)
Coniferous forest 1.023.0 North America, Europe Lovett (1994)
Grassland/ Pasture 0.120.5 North America, Europe Nowak et al. (2013)

U.S. Forest Service.i-Tree Eco(2011).

Industrial land cover 0.120.5 Italy Mariarosaet al. (2019)
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The next component researched for the model was the pollutant coeatration (ug/m3). The
values for pollutant concentrations could not be recovered for the region; however, estimates were
based on the information gathered over a period from theAirparif (2022) reports, and
investigations by Waza et. al. (2025)Based on these results, a pollution concentration of2ug/ms3
was assumed

Regarding the surface area, the values of the leaf area index (LAIl) in various types of land use
were taken into consideration(Table 29). Due to the lack of specific data regarding the above
mentioned land use types for the region, European and global data were considered.

Table 29 References for the leaf area index concerning chosen types of land use.
tl_yir;d use LAl values Represented region Sources / References
Broad-leaf 528 (max values) France (temperate deciduous) [Le Dantecet al., 2000]
forest 326 (urban average 34.5) Primarily U.S., global review [Nowak et al., 2017]

2210 (broad global range) Global synthesis [Parker, 2020]
Coniferous 6211 Pacific Northwest, U.S. [Turneret al., 2000]
forest 326 (urban average 34.5) Primarily U.S., global review [Nowak et al, 2017]
2210 (broad global range) Global synthesis [Parker, 2020]
. 327 typical; up to 9 dense . . [Sinan & Hasenauer,
Mixed forest stands Europe (multisite comparison) 2025]
Pasture/ 2.024.5 (Wetland shrubs lower
Grassland/ (223), wooded wetland stands  Poland (Central Europe) [L e $etal, 2007]
Shrub up to 4.5)

Area assumed for the calculation at this stage was a fafter conversion knt. Regarding the
period component, it was calculated by takingaverage of the rangeof the vegetation period for
each type of land wse. For the Carrieres-Sous-Poissysite the temperate values which were used
for calculation according todifferentland use type are presented irrable 30.

Table 30 Number of vegetative days for each land use type according to theimate type.
Land Use Type Boreal Temperate Mediterranean Subtropical References/Sources
Coniferous [EMER, 2016]
2 2 2 2 L
Forest 1202180 1802220 2002240 2502300 Gl O%018]
Broadleaf Forest 1402190 1902220 2202260 2802320 [Langneretal., 2011]
Grassland 1502190 2002240 2202300 2802320 [Chen, 2015]

[Khan & Perlinger, 2017]
Cropland 1402180 1802220 2502320 2802330 [Vivancoet al., 2021]

For the scenario regardingindustrial land use type, including photovoltaic farm, the vegetative
period was assumedto be the same as for grasslandThe proportion of dry days was assumed at
60% according to Chervenkové& Slavov(2021), while the proportion of onleaf days was assumed
at 100%, due to already exclusively selected vegetative dry periods

The results for the region ofCarrieres Sous-Poissy site in France (CS1)presented in the figure
below (Figure 32) show that the annual absorption of PM10are as follow: 1395 t/km2/year for
broad-leaf forest 33.38 t/km3/year for coniferous forest, 23.06 t/km?/year for mixed forest 2.33
t/km?/year for pastures, 2.56 t/km?/year for grasslands and 017 t/km?/year for industrial land
use/photovoltaic farm.Those results were used to provide background land use values for the
evaluation of the values for Scenarios 1, 2 and 3.
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For the Scenario 12 NBS values of broad-leaf forestwas assumed. Concerning Scenario 2, the
industrial/photovoltaic land use was considered and for Scenario 3 the values for pastures were
assumed, as shown irrable 31.

ES5: AR PURIFICATION

Secondsdday (s} &5 400
C51 {FR} - Camigre s-Sous-Poissy
Broad-l=af |Coniferows | Mixed Photowoltai
PL ER forest forest forest Pasture Grassland | c farm
Predioss osiadania (mis) | Deposition selocity (mis)
0,013 0,020 0,017 0,003 0,003 0,001

Stezeni= PFM10 ;Jg,"'rs: Pollutant conc. ;Jg,"'rs:

Przepiyw |pgim’is) = Flux {pgim®ls) = deposition
Prediost osiadania (mfs) | welodty {mis) x poliutant
x Stezeni= PM10 (pgim’} | conc. {paim®)

0,259 D460 0,351 0,059 0,059 0,023
Deienny praepiyw Dty flux: {pgfm iy
{ngim’idzied)
258336 SOTA 337624 S9516 S9516 1987 2
‘Wekadnik powisrzchin Surfacs area inde= | LA}
;Tz."TzI ;Tz."TzI
6,000 7.000 6,500 3250 3250 0,650
Poswierzchinia brana pod | Area of Land ;Tzi
sy {m®}
1,000 1,000 1,000 1,000 1,000 1,000
Powierzchnia {m’} = Surface {m2) = LAl {m*im®}
Wekainik powisrzchni | x anea of land {m7)
{m?fm”} x Powierzchnia
brana pod uwase (m°) 6,000 7.000 6,500 3250 3250 0,650
Dikores baitni=nis Bsc Vegstation pericd | days)
150,000 200,000 175,000 200,000 220,000 220,000
Odz=tek dni suchych Proportion of dry days
| Fracticn)

0,600 0,600 0,600 0,600 0,600 0,600

Odizetek dni wohianiania | Proportion of on-leaf days

przez dojrzady e | Fracticn)

1,000 1,000 1,000 1,000 1,000 1,000
Dleres = Dkres leaitniznia | Period = penicd of anabysis
Eesci | dinid ) x Ddisatek dni |days} x proportion of dry
suchych x Odsetek dni days | fraction] x
wohianiania przez dojrzaty | proportion of on-leaf days 90,000 120,000 105,000 120,000 132 D00 132 D00
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Figure 32 Summary of thecalculationsinvolved in the calculations for ESS4 indicatcr Absorption
of PM10.

Table 31 A summary of ESS4 Annual removal of particulate matter PM10 particleft/km?/year] results for the
different CS1 landuse scenarios.

Land-use scenario Scenario 1 Scenario 2 Scenario 3

ESS4 2 Annual removal of particulate matter PM10

particles expressedas t/kmz?/year 13.95 0.17 2.33
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6.1.5 Temperature regulatifESS5)

The assessment of temperature regulation potential was based on Landsat 8 satellite data
processed into a Land Surface Temperature (LST) map using the ASTER database. The
Advanced Spaceborne Thermal Emission and Reflection Radiometer Global Emissivity [hetse

(ASTER GED) was developed by National Aeronaut i
Propulsion Laboratory (JPL), California Institute of Technology. The ASTER GED product provides

gl obal emissivity maps of t hleandg énraddiio® $o the meand s ur f ¢
emissivity and standard deviation maps for all five ASTER thermal infrared bands, the product also

provides maps for mean land surface temperature (LST) and standard deviation.

The analysis focused on the day with the highest air temperature recorded in the last 10 years.
For CS1, this was 24 July 2019.The analysis was carried out for the entire municipality of
Carrieres-Sous-Poissy, within which CS1 is located. The study area was divided into lange
categories according to CLC 2018 (Corine Land Cover). The following landse categories were
identified water courses (511), water bodies (512), transitional woodlandshrub (324),
discontinuous urban fabric (112), pastures (231), industrial or commercial units (121),mineral
extraction sites (131),momplex cultivation patterns (242)Figure 33).

Mixed forests (313) located closest to CS1 were also included in the analysis, because this land
cover category did not occur within the boundaries of the commune under study.

Figure 33 CLC 2018 land cover pattern for CS1

Inthe next step, using GIS analytical tools, the mean temperature values were calculated for each
land-use type. The temperature regulation potential was calculated by relating the mean
temperature values to the highest intended mean value for a given land usghe calculation results
are presented inTable 32.
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Table 32 Cooling potential of land cove CS1.

CLC 2018 Land Cover class Mean T [°C] Cooling potential [°C]
Water courses 24.6 6.8
Mixed forest 24.7 6.7
Water bodies 26.0 5.4
Transitional woodlandshrub 28.8 2.6
Discontinuous urban fabric 29.3 2.1
Pastures 30.2 1.2
Industrial or commercial units 30.8 0.6
Mineral extraction sites 311 0.3
Complex cultivation patterns 31.4 0.0

The results were then normalised to a scale from 1 to 10, where 1 denotes no potential and 10
the highest potential of theESS The projected temperature value for the analysed landse
scenarios was adopted assuming that Scenario 1 corresponds to mixed forests, Scenario 2 to
industrial or commercial units, and Scenario 3 to pastures. The results of the potential analysis for
each scenario are presented inrable 33.

Table 33 Evaluation of cooling potential for analysed ScenaridsCS1.

Corine Land Cover Class Cooling potential []
Discontinuous urban fabric 3.8
Industrial or commercial units 1.8
Scenario 2- Industrial scenario, photovotaic panels 1.8
Mineral extraction sites 1.4
Pastures 2.5
Scenario 3- Recreational, meadows, pastures 25
Complex cultivation patterns 1.0
Mixed forest 9.8
Scenario 1- NBS, forests 9.8
Transitional woodlandshrub 4.4
Water courses 10.0
Water bodies 8.1

6.1.6 Cultural direct, insitu and outdoor interactions with living systems
(ESS6)

The first stage of the analysis involved collecting detailed data on the location of residential areas
and areas meeting the criteria for green spaces providing recreational opportunities. Baseline
mapping was undertaken using the Urban Atlas LCLU 2018
(https://land.copernicus.eu/local/urbanatlas/urbantatlas-2018).  Within  the  administrative
boundaries of the units VieuxCharmont and CarrieresSous-Poissy communes, the following land
cover classes have been identified as green recreation areasorests (decduous forests (CLC
311), coniferous forests (CLC 312), mixed forests CLC 313)green urban areas (CLC 141) water

(CLC 511, CLC 512).
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The potential for providing recreational services was also assessed for areas that may be
converted into green areas in the future:

A The area of the contaminated case study sitebfownfield CS 1)

A Land without current use(CLC 133)

A Mineral extraction and dump siteCLC 131)
The potentialfor recreational use was assessed using the number of residents within 300 meters
of a green recreational area (> Iha). This indicator allows for an assessment of how many people
will use the area in question for recreational purposes. The greater the number of residents within
a 300 m radius, the greater the potential of the area in terms of this ecosystem servicéhe
guantifying indicator required the use of HighResolution Population Density MapsThe dataset
was developed by use techniques to identify buildings from publicly accessible mapping services
to create the most accurate population dataset{TIECKE, et al. 2017. The disadvantage of this
datasetis that it assigns residents to buildings with industrial and service functions.

In the quantitative analyses of the cultural services indicatpthe number of inhabitants within
areas that do not serve a residential functioKe.g industrialareas) was notconsidered.

An analysis of the potential of existing and potential green areas to provide recreational functions
showed that analyzed prownfield does not have significant potential to provide cultural functions.
This is due to the distance of the area frordensely populatedresidential areas.

Thefuture usefor recreational purposeswill provide 293 residentswith access tothis type of area.
Within theanalysedadministrative boundaries, there are green areas with a recreational function
that serverecreational function forl7 736 residents (forest areas along the river)

In the south-eastern part of theCarrieres-Sous-Poissy communes there are areas where mining
operations are conducted (Mineral extraction and dump sites) These areas are located near
densely populated residential areas (>10).Redevelopment of these areas for recreational
purposes will increase accessibility for 8076 residents. With regard to these values, the
development of theanalysed contaminated site (CS1)will not resultin a significant increase in the
availability of green areas for residentsThe potential of existing and potential green areas with
recreational functions on a scale of 1 to 10 is shown in the figure belo{wigure 34).
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% o1 Case study
Population density

10,1912
1,01641

Potential for ESS 3.1.1.1
J1
]2
13
14

Figure 34 Cultural services: Interactions with natural environment for CS1

In the adopted land use options, only the scenarid (Afforestation) and scenario 3 (Grassland
cover), meet the criteria for green areas with a recreational functiorCompared to other green
areas within the administrative boundaries of, this scenario has very little potential for providing
cultural services (fable 34).
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Table 34 A summary of ESS6 results for the different CS1 largise scenarios.

Land-use scenario Scenario 1 Scenario 2 Scenario 3

ESS6 [Number of residents within 300 meters of a

- 293 0 293
green recreational ared

6.1.7 Energy propertie$ESS7)

The performance of photovoltaic installations for CS1 was estimated using an application provided
by the EC. Photovoltaic Geographical Information System
[https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html]. This application provides data on solar
radiation and energy production from photovoltaic (PV) systems globally. Following the application
instructions, the performance of photovoltaic installations weestimated based on the assumption
presented inTable 35.

Table 35 Assumptions and settings used for PV calculation for CS1.

PV Performance Modelling Parameters

Solar radiation . Installed peak PV System Mounting
. PV technology: o
database: power loss position

PVGISSARAH3 Crystalline Silicon 1 kwp 14%  Freestanding  35° 0°
(original)

Slope Azimuth:

In Table 36, the CS1 is characterised in relation to the analysis conducted.
Table 36 Site characteristic

Coordinates (center)
Latitude Longitude
Cs1 48.960 2.0400 41 7

Case Study Elevation Area [ha]

To estimate the electricity production capacity for thisCS1, the maximum feasible installed PV
capacity (kWp) wasdetermined from the available areaFor the purposes of the analysis, it was
assumed thatl kWp corresponds to a PV system area of 6 mBecause the full area could not be
developed under real conditions (e.g., spacing between modules, internal roads, technical

buil di ngs, fencing, and grid infrastructure),

reflect practical land take. This valae was derived from an assessment of operating photovoltaic
farms with total areas ranging from 27 ha to 300 ha.

Table 37 shows the calculated performance ofPV installations for CS1. The estimated yearly in
plane irradiation is 1 417.06 kWh/m?2, taking into account factors such as system losses (14%).
The annual electricity production is determined to be 1 133.78 kWh per 1 kWp installetable 37
presents the estimated value of electricity production, considering the surface area calculated
using the Ideal Value Model and neareal conditions determined by the Surface Coverage Ratio.
Under ideal conditions, the annual energy production could reach 13.2 GWh. Based on the
Surface Coverage Ratio, the annual energy production is projected to be 6.6 GWh.

Table 37 Yearly PV energy production for CS1

Yearly PV energy production [kwWh] 1133.78
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Yearly inplane irradiation [kWh/nd] 1417.06
Year-to-year variability [kWh] 47.25
Changes in output due to

-Angle of incidence [%)] -3.03
-Spectral effects [%] 1.68
Temperature and low irradiance [%)] -5.64
Total loss [%)] -19.99
Max. kWpneeded [kWp] 11 667
Energy production (Ideal Value Model) GWhly 13.2
Energy production (Surface Coverage Ratio) GWhly 6.6

Figure 35 shows a report from the Photovoltaic Geographical Information System application
(estimating annual energy production for CS1).

PHOTOVOLTAIC GEOGRAPHICAL INFORMATION SYSTEM

European
Commission
A\(
Germany . p e R
g Performance of grid-connecte: o
i | Belgum 4 A, - uid i = . /
Lkembo
Y Cre
PVGIS-5 esti of solar icity
- Provided inputs: Simulation outputs Outline of horizon at chosen location:
% kg LatituderLongitude: 48.960,2 040 Slope angle: 3s° "
Horizon: Calculated Azimuth angle: 0* ~
Database used:  PVGIS-SARAH3 Yearly PV energy production 1133.78 kW w AN
PVtechnology:  Cryst S4 Original Yearty in-plane irradiation: 1417.06 KWVm* { -
Sa0 M. PV installed: 1kWp Year-1o-year variabiity: 47.25KWh A
o System loss: 4% Changes in output due to: \\ »
Angle of incidence: 303% R S
a TR Spectral effects: 168% L e <
J Temperature and low iradiance: -5.64 % \
Spain . e Total loss: -19.99%
Adaress =3 L =3

Monthly energy output from fix-angle PV system: Monthly in-plane irradiation for fixed-angle:

cursor: nadows:

Selected: Select location! aicuated horizon EEE B t

Elevation (m) Jplos e Poe weybrano pliku ]

PVGIS ver. 53 Swilch 1o 52 I I I I I

o
Solar radiation datsbase” v
PV technology”™ Crystaline Saicon (ongnal) N
Instalied peak PV power [kWp]™ 1
PR = Monthly PV energy and solar irradiation
Fixed mounting options Month Em Hi)m SO_m
R A January 425 499 72 E_m: Average monthly electricity production from the defined system (KWh].
ree standing v
g February 621 732 130 H(i)_m: Average monthly sum of giobal irradiation per square meter received by the modules.
Siope '] 35 Optimize siope March 987 1191 161 of the given system [
Azimuth [T ) Optimize slope and azimuth April 1268 1563 171 SO_m: f ly electricity pn duetoy year variation (KWh).
May 1298 1633 179
June 1312 1692 167
July 1347 1761 144
August 1239 1605 120
. September 1103 1396 87
October 797 976 85
November 525 623 81
T T Oecomber 425 %02 92
Figure 35 CS12 Performance of gridconnected PV.

The ESS7 results for CS1 arsummarizedin the table below(Table 38).
Table 38 A summary of ESS7 (Energy properties) results for the different CS1 lande scenarios.

Land-use scenario Scenario 1 Scenario 2 Scenario 3
ESS/:

Potential energyproduction [GWh/y]. 0.0 6.0 0.0
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6.2 Ecosystem services assessment for CS2

In this section, the valuation oESSfor CS2 (Kozanj GR? EL53) was presented in the context of
local site conditions and the analysed landise scenarios. At the same time, a harmonised data
preparation approach was applied to ensure comparability of results across case studies

6.2.1 Biomass productiorf ESS1)
The ESS1 assessment for CS2 was based on the EP indicator (GJ-tiayeards), derived from the
annual aboveground biomass increment AGBInc (t d.m.-ha-yeard$) using the equation

EP = AGBinc x CV

Where:

- CV is the calorific value of the biomass (GJ& d.m.), adopted in line with the ESS1 service card
- AGBIn aboveground biomass AGBInc (t d.m.-h&s-yeard),

- EP is energy potential

For Greece, consistent and comparable AGBinc data at the regional (NUTS2) level were not
available. The accessible results referred mainly to the northern part of the country and to
conditions associated with high productivity {able 39).

Table 39 Annual biomass production on different types of land in Greece.

Land type Value Units Method / notes Source
Aboveground net primary productivity
(ANPP) estimated from allometry +
Deciduous managgment plan_data; standscale o .
forest 7.19  t/halyear production; Value is [Zianis, D., & Mencuccini, M, 2025]
ANPP/aboveground production for
beech forest case study; not national
mean for all deciduous forests.
Clone productivity reported for Greece
Poplar (review of breeding/biomass
monoculture 16.54 t/halyear trials);Clonespecific reported yield; not [Aravanopoulos, F. A. (2010
(Populus) national average across all poplar
plantations.
. No reliable value found in the searched
Mixed L i
- - sources (explicit mean annual biomass
forests : . .
increment for mixed forests in Greece).
No reliable value found in the searched
Coniferous sources (explicit mean annual biomass
forests i increment for coniferous forests in
Greece).
Grassland / No reliable value found in the searched
meadow - - sources (accessible, citable annual
cultivation biomass yield/increment statement).

According to the data limitatiors, a harmonisation approach was applied for the fost scenario
(afforestation) (Broad-leaved Forest and Coniferous Forest). Net annual increment (NAI;
m3-haos-yearas) was used as the starting point and was converted to AGBIinc using a conversion
factor derived from the reference dataset. This solution ensured that theSS1 assessment
remained comparable across the report and reduced the risk of overestimating results based on
fragmented local data.Table below (Table 40) presents the AGBinc and CV values, together with
the resulting EP, assigned to CLC classes and scenarios in CS2.
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For the poplar plantations scenario,
AGBInc = 15.00 t d.m.-ha#-years

was applied within the harmonised approach. The available literature for poplar largely refers to
plantations managed under particularly favourable growth conditions (e.g., northern regions or
intensively irrigated sites) and reports values around 16.54dm.-haos-yeards, which could lead to
inflated parameters for CS2. To maintain comparability between case studies and avoid
transferring values representative of exceptionally high productivity into CS2, AGBinc = 15.00 t
d.m.-had-yeardd was adopted as a @mmon upper value for poplar, consistent with the highest
value applied across the full CS dataset.

For the scenario 2 (grasslandsg, AGBinc values were adopted at the NUTS2 level and were
selected to match local climatic conditions and landise intensity, so that regional constraints on
biomass production were properly reflected. For example, for EL30 (Attica), a range of3Lt
d.m.-hatd-yeardd was assumed for dry Mediterranean pastures, where production is strongly
limited by water deficit and a shorter period of intensive growtfTable 40).

Table 40 Estimated annual aboveground biomass increment (AGBing for grasslands in NUTS2 regiong
assumptions and literaturebased justification.

Tvoe of EstimatedAGB
NUTS2 Region rgspslan d increase (t Rationale (climate / intensity)  Citations
g DM-hats-yres)
Dry Mediterranean pastures:  [Shi et al., 2023],
dry R strong water limitationand a ~ [Obermeier et al.,
EL30 Attyka pastures 123 shorter period of intensive 2018], [Tao et al.,

growth 2015]

Table 41 presents the input data used to calculate ESS1 (biomass production) for @Sincluding
AGBInc, CV and the resulting EP values for each lancbver component considered in the

scenarios.
Table 41 Calculation parameters for the biomass energy potential for CS2 (EL53).

CLC . AGBinc

clasification Couling Land Cover (tDM/halyr) CV (GJ/tDM) EP (GJ/halyr)

3.11 Broad-leaved forest 2.56 18.5 47.4

141 Green urban areas-grassland or 3.00 175 525
lawns

121 Industrial- PV installation (80% 240 175 420
grassland)

3.1.2 Coniferous forest 2.57 18.5 47.5

324 Transitional qudland/shrub 15.00 18.6 278.4
(poplar plantations)

121 Industrial- buildings and halls 0.60 175 105

(20% grassland)

Table42 provides a scenarielevel summary of ESS1 results for CBby compiling the EP outcomes
across the defined landuse scenarios. The reported values enable comparison between
scenarios under a consistent calculation framework and a harmonised setlibmassesincrement
assumptions

Table 42 A summary of ESS1(Biomass production)results for the different CS2 lanelise scenarios.

Land-use scenario Scenario 1 Scenario 2 Scenario 3
Energy potential [GJ/halyear] 278.4 42 525
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6.2.2 Regulation of soil quality (ESS2)

In this section, the ESS2 indicator (regulation of soil qualityfor CS2 was estimated as the potential
for metal accumulation in plant biomass under the analysed langse scenarios. As part of the
literature review, concentration ranges of several metals in plant biomass were compiledg.
cadmium, lead, zinc, copper, and nickel. However, for valuation purposes, one representative
metal was selected: cadmium (Cd). Cadmium is frequently reported in environmental studies, it
has no nutrient function (unlikezn or Cu), and its accumulation in plant tissues provides a useful
indicator of contamination pressure. In addition, Cd is often more mobile and more readily
translocated to aboveground plant parts than Pb, which increases its suitability for scenario
comparisons based on AGB.

As part of the parameterisation of metal concentrations in conifer biomass, relevant literature
sources were reviewed. Data for needles are widely available, but they show high variability
depending on species, site conditions, anthropogenic pressure, anthe age of the assimilatory
tissues. At the same time, many studies focus on needles or bark as biomonitors and do not
provide comparable values for stem wood, nor a ¢
for the full set of metalsFor this reason,instead of averaging results from heterogeneous studies,
an approach based on one internally consistent dataset was adopted, covering both needles and
stem wood analysed with the same methodology. The study by Skonieczna et al. (2014) was
selected as the baseline source. In that work, 15Pinus sylvestristrees from five stands were
analysed. The investigated forests were located in an area influenced by anthropogenic pressures,
but not in the immediate vicinity of point emission sources.

For the assessment, mean concentrations of Cd, Zn, Pb, and Cu were introduced for needles (as
a representative of the ~leaf®° fraction) and fc
fraction). Cadmium was then used for the subsequent valuation step.

For poplar plantations, several literature sources were reviewed. As in other cases, it was found
that experimental conditions were often not comparable between studies. Therefore, the focus
was placed on a single publication that reported concentrationsiipoplar leaves and shoots in
a format suitable for comparison across case studies

Based on the reviewed evidence, PilipovSSk et al
parameters for poplar plantations, as it provides a coherent empirical dataset covering both leaves

and shoots/stems, analysed using the same methodology and under the same experimental
conditions. This all owed t he beseparfed dirextly,svitheut wo o d / s
merging heterogeneous studies and without additional assumptiemased conversions. In

addition, the study reports several metals (includg Cd, Zn, Pb, and Cu) in a way that supported

the selection of values representative of moderate anthropogenic pressure, thereby improving
comparability between landuse scenarios within the (5S2 assessment.

For Scenariowith grassland, an aboveground biomass (AGBj)based approach was applied,
using metal concentration ranges in herbaceous plant tissues as reported in the literature. To
reflect the typical spread of values associated with different levels of anthropogenic influence,
three pressure levels were compiledmoderate, heavy, and extreme), representing, respectively,
urban and transport impacts, postmining areas, and locations in the immediate vicinity of
smelters.
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However, for the purpose of the BS2 valuation, the moderate contamination variant was adopted,
as it was considered representative of the common anthropogenic background conditions
observed across theCS landscape and the analysed lad-use scenarios. This choice reduced the
influence of extreme concentration values that could otherwise dominate the result, and it ensured
that differences in ESS2 were driven primarily by lanetover type and AGB magnitude rather than
by exceptional, localised point sources bpollution

The input data used for CS2 are identical to those described for CS1 in Section 621.Table 43
provides a concise overview of the heavy metal concentration datasets applied in the biomass
assessment and includes references to the corresponding detailed tables in Section &1.

Table 43 Heavy metal concentrations in biomass used for §S2 parameterisation (data sources and table references).

Heavy metal
No. concentrations in the Reference table
biomass
1 Broadleaf species Table 16 Heavy metal concentrations in the biomass of broadleaf species.
2 Conifer species Table 17 Heavy metal concentrations in the biomass of conifer species.
3 Poplar and willow Table 18 Heavy metal concentrations in the biomass of poplar and willow
crops. crops.
. Table 19Heavy metal concentrations in the aboveground biomass of
4 Grassland species

grassland species.

Table44 presents the input parameters and calculation outputs used to estimate theSS2 indicator
for CS2 (EL53), expressed as the potential annual Cd accumulation in abovground plant
biomass. It combines AGBInc values (from ESS1) with tissue Cd concentrations and harvest
fractions to derive Cd concentration in harvested biomass and the resulting Cd removal per
hectare and year, in accordance with the methodology described in Section 4.3

Table 44 Calculation sheet for E5S2 (Cd): biomass increment, concentration assumptions and annual
removal

AGBinc f_leaf Cd_C_leaf
(tbM/halyr) (season  (mg/kg
[from harvest) DM)
ESS1] [0-1] [input]

Broad-leaved forest 2.56 0.2 0.4 0.1 0.16 0.4
Green urban areas-

Cd_C_stem Cd_C_harvest Cd_Removal
(mg/kg (mg/kg DM) (g/halyr)
DM) [input] [calc] [calc]

Corine Land Cover

3.00 1 0.75 0.75 2.3
grassland or lawns
Industrial- PV installation
(80% grassland) 2.40 1 0.6 0.6 1.4
Coniferous forest 2.57 0.2 0.1 0.24 0.28 0.5
Transitional wqodland/shrub 15.00 0.2 785 3.25 417 62.6
(poplar plantations)
Industrial- buildings and 0.60 1 015 015 01

halls (20% grassland)

Table45 summarises the E5S2 results for CS2 across the analysed landise scenarios. Values are
reported as the estimated potential annual pollutant (Cd) accumulation in aboyground biomass
(g/halyear) enabling direct comparison between scenarios under a consistent parameter set.
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Table 45 A summary of ESS2Regulation of soil qualityyesults for the different CS2 lanelise scenarios.

Land-use scenario Scenario 1 Scenario 2 Scenario 3
Potentialannual pollutant accumulation 62.6 14 23
[g/halyear]

6.2.3 Mitigation of climate change (carbon dioxide sequestrat{&dS3)

The assessment of ESS3 was conducted using annual carbon sequestration as the principal
indicator, expressed in tonnes of C® per hectare per year (t CGFhalyear). Total carbon
sequestration was estimated by summing the carbon accumulated in aboyground biomass and
below-ground biomass and then converting this combined value into Cequivalents. The
methodological approach was consistent with the carbon allocation models developed for poplar
plantations, as outlined earlier in the ESS3 section of the doment.

The estimation of the annual aboveround biomass increment (AGBinc) followed the same

procedure applied in ESS1, which involved reviewing and analysing available data sources,

including scientific literature, forest inventory data, and indirect indicatorsor the Servio Municipal

Unit, Prosilio Kozani site in Greece (CS2), the available data were fragmented and
methodologically inconsistent, reflecting differing definitions of production, growth indicators,
typological classifications, and measurement uts. As a result, direct comparisons between land

cover types were limited. To ensure coherence across the deliverable, AGBinc values were
therefore derived from harmoni zed daateaforgst esent e
increment information inEwpe t hrough harmonization of Nation
Ecology and Management, 562, 121913), which provides comparable annual growth estimates

for most European countries and forest types.

The annual belowground biomass increment (BGBInc) was calculated from AGBInc using the
ratio between above and belowground biomass increments (AGBinc/BGBInc). The appliedbot-
to-shootratios were based on findings from théiterature, includingOliveira Rodriguez et al. (2018)
and the Intergovernmental Panel on Climate Changg2003, 2006), selected due to their
standardized methodologiesacross countries,ensuring a consistent estimation oBGBinc. Based
on these sources the ratioused for the industrial and commercial landuse scenario wasassumed
to represent approximately20% of the grassland AGBineto-BGBinc ratio, while the scenario
involving ground-mounted photovoltaicinstallations was assumed to retai80% of the grassland
coverage value(Table46).

Table 46 Sources used for the estimation of below ground above ground ratio (%).

CS2 (GRO - types of management AGBinc - BGBinc ratio (%) Sources
Broad-leaf forest 0.43
Coniferous forest 0.46 IPCC (2003) Annex 3A.1.8

IPCC (2003) Annex 3A.1.8
Grassland 1.58 Mokany, Raison & Prokushkin (2006)
Poplar cultivation 0.21 Oliveira (2018)

After calculating the values of the BGBinc from the ratio and the AGBinc values provided, the
results wereadded and multiplied by the C fraction to account for the carbon content. The carbon
content values in dry matter are assumed aapprox. 50% values, supported by literature.
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In the next step the results were converted to th€OF equivalentby multiplying the final value by
3.67 (ratio of the atomic mass of the molecules)The indicator reflects the annual flow of carbon
sequestration associated with biomass growth, rather than lonterm carbon stock changes(Table
47).

Table 47 Sources used for the estimation of C fraction of carbon content in dry mass.

CS2 (GRO) - types of C fraction of carbon content in dry Source/Reference
management matter
Broad-leaf forest 0.46 IPCC (2003) Annex 3A.1
Coniferous forest 0.46 Dupouey (2010)
Shiferaw, Kassawmar, Zeleke

Grassland 0.48 (2022)

L Shiferaw, Kassawmar & Zeleke
Poplar cultivation 0.48 (2022)

The results for the region ofServio Municipal Unit, Prosilio Kozarsite in Greece (CS2)show that
the annual carbon sequestration for broadleaf forests is abow®,187 t (CORhalyear), 11,194 t
(COHRhalyear)for coniferous forestand the highest value for annual carbon sequestration resulted
in poplar plantation at 30,641t (COFha/year) for the. Grassland coveragewas at a 13,635t
(COHhalyear). Those results were used to provide background land use values for the evaluation
of the values forScenarios1, 2 and 3.

ESS: MITIGATION OF CLIMATE CHANGE

PL Srednia roczna ilosé Stosunek biomasy Srednia roczna ilosé biomasy | Srednie stezenie weglaw oy ja weg| Roczna sekwestracja wegla
biomasy nadziemnej z ponize] - powyze] gruntu | korzenne] z hektara biomasie (%) g i wyrazona w t [CO/ha'year)
hektara (tDM/haiyr) [tDM./ hadyrh

ENG Average anual amount of | Below ground - above Average annual amount of Biomass mean Carbon sequestration  Annual carbon sequestration
‘above-ground biomass | ground ratic below biemass from ha concentration of carbon [t/year'ha) expressed in t [CO fha/year)
from ha (tDM/hayr} [tDM/ hadyrh (34}

Conversion factor from

Carbon (C) to CO»
equivalent

3.67

C52 (GRC) - Servio Municipal Unit, Prosilio Kozani

Forest_broadieaf poplar 2,56 0,43 1,102 0,48 1,685 6,187
Grassland 3,00 158 4,740 048 3715 13835
PV _groundmounted [80% grassland) 2,40 158 3752 0,48 2872 10,508
coniferous 2,57 158 4,061 0,48 3.050 11,194
poplar cuttivation 15,00 0,21 3,150 0,48 8349 20841
Industrial of commercial units {20% grassland) 0,60 158 0,548 042 0,743 7T
Figure 36 Calculations concerning the ESS3 indicatot annual carbon sequestration expressed in t

(COHhalyear)for the Servio Municipal Unit, Prosilio Kozani site in Greece (CS2)

For the Scenario 12 NBS, the value of poplar plantations was assumed. The"2Scenario =
industrial scenario for ESS3considered 80% vegetation in AGBinc and BGBinc value due to
a decreased but still present level of lowvegetation growth. For Scenario 3, the value of
grasslands was assumed as an option for lowegetation, recreational approach(Table 48).

Table 48 A summary of ESS3 Annual carbon sequestration expressed in t C8halyear for the different CS2 land
use scenarios.

. Scenario 2- Industrial Scenario 3-
i Scenario 1- NBS, . . .
Land-use scenario forests scenario, photovoltaic Recreational,
panels meadows, pastures
ESS3- Annual carbon
sequestration expressed in t 30.641 10.908 13.635

COFHRhalyear
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6.2.4 Air quality mitigatiofESS)

The evaluation of ESS4analyses the capacity oftree and shrub canopies in urban, perurban,
and rehabilitated post-industrial landscapes to remove air pollutant§ especially particulate
matter (PM10 and PM2.5% via dry depositionprocesses. The key indicator appliedis the annual
removal of PM10,expressedin tonnes per hectare per year ¢(/ha/year). Thismethodology is based
on the dry depositionmodel introducedby Tallis et al. (2011), where:

Absorption of PMyo = Flux (V) x Surface (SA) x Period (t) (tkmz3/year)

where:

- Fluxis the pollutant to the surface (amount removed per unit area and time), calculated by multiplying the deposition
velocity of the pollutant (m/s), which depends on canopy structure and wind speed and the concentration of the
pollutant in the atmosphee.

- Surface is the considered surface area multiplied by the surface area index functioningamgiven area (LAI).

- Period accounts for the period of analysis in days, multiplied by the proportion of dry days and the proportion of
non-leaf days.

The total annual pollutant removal is calculated by integrating deposition fluxes over the vegetated
surface area of each landuse scenario.The above contributes to the calculation as follows:

-V =deposition velocity (m/s) x pollutant conc(ug/m3)
1 Flux (ug/m3) was then converted to daily flux by multiplying it by 86400
- SA =LAl (m¥m2) x area of land considered (m?)
- t=period of analysis (days) x proportion of dry days (fraction) x proportion of deaf days (fraction)
f  Afterwards the absorption oPMiowas converted from (Yg/mi/year) to

The data forthe Servio Municipal Unit, Prosilio Kozarsite in Greece (CS2) involved land use
scenarios for the broadleaf forest, coniferous forest, mixed forest, pastures, grasslands and
photovoltaic farm. For each component of the model, a literature review was conducted to
establish the most suitable range of standardized values to ensure comparability. In instances
where specific data for

a component was unavailable, an average was derived from countries or regions with similar
ecosystem types, allowing the results to remain compatible

Regarding the deposition velocity by land use type, no data was found in the research for the
Servio Municipal Unit, Prosilio Kozanregion, however, comparable data were used from
European, U.S. and Italian databases to provide a baseline. Data gathered frdvarando et al.
(2016), investigated deposition velocity in various vegetation types in mediterranean climate, its
main reference point being Rome, Italy, using theTree Eco dry deposition mode(Table 49):

Table 49 Estimated deposition velocity in mediterranean climate bylarando et al. (2016).

Vegetation Type Deposition Velocity (cm s3) Additional observations
Broadleaf trees (inleaf) 0.521.5 Higher during full leaf area
Coniferous trees 1.022.0 Yearround interception
Grass/shrubs 0.220.8 Lower aerodynamic roughness

Another study by Mariarosa et al. (2019)provided information indry deposition modelling and
validation in urban and suburban ltalyrepresentative of mediterranean and temperate climate
(Table 50).
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Table 50 Estimated deposition velocity in regions managed as lowegetation or industrial/urban sites by

Mariarosa et al. (2019).

Land use type Deposition Velocity (cm &3) Additional observations

Industrial surfaces 0.120.5 Smooth surfaces lower deposition
Suburban vegetation 0.321.2 Higher roughness enhances capture
Grasslands 0.220.6 Moderate

Considering the site at Servio Municipal Unit, Prosilio Kozarlays in the mediterranean climate
belt, the above values were averaged for each land use type and used for further calculations.

The next component researched for the model was the pollutant coeatration (ug/ms3). The
values were provided from the WHQ2013, EU policy ranges and local monitoringsuch as Air
Quiality Indexwere used, which proved at a 2545 pg ma3 value. An average of35 pg mad was
used.

Regarding the surface area, the values of the leaf area index (LAIl) in various types of land use
were taken into consideration(Table 51). Due to the lack of specific data regarding the above
mentioned land use types for the region, European and global data were considered.

Table51 References for the leaf area index concerning chosen types of land use.
Land use type LAl values Represented region Sources / References
France (temperate

Le Dantec, Dufréne,

528 (max values) deciduous) -
E)rroeasttj-leaf 326 (urban average 34.5) Primarily U.S., global Ei\?vgﬁre(tzzglogmn
2210 (broad global range) review )

Global synthesis Parker (2020)

6211 Pacific Northwest, U.S.

Coniferous 326 (urban average 34.5) Primarily U.S., global

Turner et al. (2000)
Nowak et al.(2017)

forest 2 review
2210 (broad global range) Global synthesis Parker (2020)
. . Europe (multisite Sinan & Hasenauer
2 .
Mixed forest 327 typical; up to 9 dense stands comparison) (2025)
Pasture/ 2.024.5 (Wetland shrubs lower (23), Poland (Central Lesny et al
Grassland/
Shrub wooded wetland stands up to 4.5) Europe)

Area assumed for the calculation at this stage was a m2, after conversion km2. Regarding the
period component, it was calculated by takingaverage of the rangeof the vegetation period for
each type of land use For the Prosilio Kozani site, theniddle of the range was usedfrom the
mediterranean values(Table 52).

Table 52 Number of vegetative days for each land use type according to the climate type.

Land Use Type Boreal Temperate Mediterranean Subtropical = References/Sources
Coniferous ) 5 5 5 EMEP (2016)
Forest 1202180 1802220 2002240 2502300 Gl 0% (2018)
Broadleaf Forest 1402190 1902220 2202260 2802320 Langner, Kull & Endlicher
Grassland 1502190 2002240 2202300 2802320 (2011)

Chen (2015).
Cropland 1402180 1802220 2502320 2802330 Khan & Perlinger (2017)

Vivanco et al.(2021)

For the scenario regarding industrial land use type, including photovoltaic farm, the vegetative
period was assumed the same as for a grassland. The proportion of dry days was assumed at
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60% according to Chervenkové& Slavov(2021), while the proportion of onleaf days was assumed
at 100%, due to already exclusively selected vegetative dry periods.

The results for the region ofServio Municipal Unit, Prosilio Kozann Greece (CS1) presented in
the figure below (Figure 37) show that the annual absorption of PM10 are as follosv 26,13
t/km2/year for broadleaf forest,41,91 t/km3/year for coniferous forest35,26 t/km2/year for mixed
forest, 5,17 t/km2/year for pastures, 2,83 t/km2/year for grasslands and 057 t/kmz/year for
industrial land use/photovoltaic farm. Those results were used to provide background land use
values for the evaluation of the values for Scenarios 1, 2 and 3.

For the Scenario 12 NBS solutions the value ofbroad-leaf forestwas assumed. Concerning
Scenario 2, the industrial/photovoltaic land use was considered and f&cenario 3 the values for
pastures wereassumed, as shown in the tabldelow (Table 53).

ESS: AIR PURIFICATION
Seconds/day |5} &0 400
CE2 |GRC} - Servic Municipal Unit, Prosilic Kozani
Brcad-l=af |Conifarcus | Miced Photowoltai
FL EN forast forast forest Pacturs Grasdland | ¢ farm
Prediooic osisdania (mfs) | Deposition vebocity |mi's)
0,010 0015 0,013 0,005 0,004 0,001

Stetenia F'Hi'.'-:Jg,"'rs: Poliutant ::hr:.:Jg,"'rs:

Przepiyw |Uzim’/s) = Flux {psim®/s] = deposition
Predkosc osiadania {mis} |welooity {mis| x pollutant
x Stebenie PM 10 (pgfm?} | conc. (pgim?)

0,350 0525 DASS 0175 0,140 0,035
Dzienny preephyw Dty flux (igim Ty}
{pgim’fdzien)

0240 45350 o312 15120 12095 S04
‘Welcaz ik possierzchn Surfacs ares inde: {LAT}
{miim} i}

6,000 TO0D 5500 2,000 1500 1200
Powizrzchinia brana pod | Areas of land :'rzi
LAt |m)

1.000 1,000 1,000 1.000 1,000 1.000
Powierzchnia {m’) = Surface (m2) = Ll {m*/m7)
Wakainik powierzchni | x arsa of land {m}
{m%im®} x Powisrzchnia
brana pod waage |mi E,000 700D 5500 2,000 1,500 1200
Oikeres basibnienis B Vagstation paricd |days)
Ddsetek dini suchych Proportion of diry days

| fraction]

0500 0,500 Lo 0,500 0,500 0,500

Ddoetak dni wohdsnisnia  |Proportion of on-leaf days
pro=z dojrzaly St | fraction)

1,000 1,000 1,000 1,000 1.000 1,000

Diere s = Diior=s iwitniznia | Period = pencd of analysis

Wigci | dini} x Oudisetek dini | days) x proportion of diny

suchych x Ddsetek dni diarys | fraction] x

whianiania preez dojrzaty | proportion of on-leaf days 144 000 132 D00 138000 171.000 156,000 156000

‘Wichianianie PM10 Ab=orption of PM10 = Flux

1|.|gj'n1"1'r|:-k[ x Surface x Period
1|Jgj'm11']'=irb

26127350 | 41913640| 35262864 S171040| 2E30454| 5660825

‘Wchianianie PM10 Absorption of PM10 = Flux
{tl'l-mz.l'r:-l:l x Suwrface x Period
‘ltl'LmE.l".'larl
268,13 4181 S35.26 517 283 057
Figure 37 Summary of the calculations involved in the calculations for ESS4 indicaforAbsorption of PM10.
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Table 53 A summary of ESS4 Annual removal of particulate matter PM10 particles [t/km2/yedrresults for the
different CX2 land-use scenarios.

Land-use scenario Scenario 1 Scenario 2 Scenario 3
2

ESS42 Annual removal of PM10, expresse@s 26.13 057 517

[t’/km?/year]

6.2.5 Temperature regulatiqieSS)

The assessment of temperature regulation potential was based on Landsat 8 satellite data
processed into a Land Surface Temperature (LST) map using the ASTER database. The
Advanced Spaceborne Thermal Emission and Reflection Radiometer Global Emissivity [heitse

(ASTER GED) was developed by National Aeronaut i
Propulsion Laboratory (JPL), California Institute of Technology. The ASTER GED product provides

gl obal emissivity maps of t hileandg dnradditic® $o the meand s ur f &
emissivity and standard deviation maps for all five ASTER thermal infrared bands, the product also

provides maps for mean land surface temperature (LST) and standard deviation.

The analysis focused on the day with the highest air temperature recorded in the last 10 years.
For C2, this was 2.08.2021. The analysis was carried out for the entir&ervia MunicipalUnit,
within which CS2 is located. The study area was divided into langse categories according to
CLC 2018 (Corine Land Cover). The following(Figure 38) land-use categories were identified:
coniferous forest (312) broad-leaved forest (311) mixed forest (313) water bodies (512) inland
marshes (411) transitional woodlandshrub (324), land principally occupied by agriculture, with
significant areas of natural vegetation (243) natural grasslands (321) complex cultivation
patterns (242), discontinuous urban fabric (112) mineral extraction sites (131) non-irrigated
arable land (2117), pastures (231), industrial or commercial units (121) permanently irrigated land
(212), sclerophyllous vegetation(323).
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Figure 38 CLC 2018 land cover pattern for CS2

In next step, using GIS analytical tools, the mean temperature values were calculated for each
land-use type. The temperature regulation potential was calculated by relating the mean
temperature values to the highest intended mean value for a given landeisThe calculation results
are presented inTable 54.

Table 54 Cooling potential of land cove? CS2.

CLC 2018 Land Cover class Mean T [°C] Cooling potential [°C]
Coniferous forest 37.3 12.9
Broad-leaved forest 38.9 11.3
Mixed forest 38.9 11.3
Water bodies 40.2 10.0
Inland marshes 42.0 8.2
Transitional woodlandshrub 42.4 7.8
Sclerophyllous vegetation 43.9 6.3
Land principally occupied by agriculture,

with significant areas of natural 45.0 5.2
vegetation

Natural grasslands 45.9 4.3
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CLC 2018 Land Cover class Mean T [°C] Cooling potential [°C]

Complex cultivation patterns 47.0 3.2

Discontinuous urban fabric 48.1 2.2

Mineral extraction sites 48.2 2.0

Non-irrigated arable land 48.6 1.6

Permanently irrigated land 48.6 1.6

Pastures 48.7 15

Industrial or commercial units 50.2 0.0

The results were then normalised to a scale from 1 to 10, where 1 denotes no potential and 10
the highest potential of the ecosystem service. The projected temperature value for the analysed
land-use scenarios was adopted assuming that Scenario 1 correspais to mixed forests, Scenario

2 to industrial or commercial units, and Scenario 3 to pastures. The results of the potential analysis
for each scenario are presented irmable55.

Table 55 Evaluation of cooling potential for analysed ScenaridsCS2.

Corine Land Cover Class Cooling potential []
Discontinuous urban fabric 25
Industrial or commercial units 1.0
Secenario?2 - Industrial scenario, photovotaic panels 1.0
Mineral extraction sites 24
Non-irrigated arable land 2.1
Permanently irrigated land 2.1
Pastures 2.0
Secenario 3- Recreational, meadows, pastures 2.0
Complex cultivation patterns 3.2
Land principally occupied by agriculture, with significant areas of natural vegetation 4.6
Broad-leaved forest 8.9
Coniferous forest 10.0
Mixed forest 8.9
Secenario 1- NBS, forests 8.9
Natural grasslands 4.0
Sclerophyllous vegetation 5.4
Transitional woodlandshrub 6.4
Inland marshes 6.7
Water bodies 8.0

6.2.6 Cultural direct, insitu and outdoor interactions with living systems
(ESS6)
Due to the large size of the administrative unit, CLC data was used to assess its potential for

recreational purposes Following land cover classes have been identified as green recreation
areas: deciduous forests (CLC 311),coniferous forests (CLC 312),mixed forests CLC 313)
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natural grasslands (CLC 32), sclerophyllous vegetation (CLC 323, transitional woodlandshrub
(CLC 324), inland marshes(411).

The potential for providing recreational services was also assessed for the area of the
contaminated area (CS 2). The brownfield site under analysis is located away from densely
populated residential areasThe future use for recreational purposes will provide 13 residents with
access to this type of area. Within the analysed administrative boundaries, there are green areas
with a recreational function that serve recreational function fo848 residents (Sclerophyllous
vegetationin the south part of the administrative boundarie$.

With regard to these values, the development of the analyzed contaminated site (Z)Swill not
result in a significant increase in the availability of green areas for residenfshe potential of
existing and potential green areas with recreational functions on a scale of 1 to 10 is shown in the
figure below (Figure 39).
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Figure 39 Cultural services: Interactions with natural environment for CS2

In the adopted land use options, only the scenario 1 (Afforestation) and scenario 3 (Grassland
cover), meet the criteria for green areas with a recreational functiorCompared to other green
areas within the analyzed administrative boundaries, this scenario has very little potential for

providing cultural services(Table56).
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