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Glossary of terms and abbreviations
Abbreviation / Term Description
City Biodiversity Index — also known as the Singapore Index, a self-assessment tool

CBl for cities to evaluate their biodiversity conservation efforts.
Formerly Carbon Disclosure Project — an organisation that helps cities and

CDP companies disclose environmental data and measure progress toward sustainability
goals.

Rl CORINE Land Cover Plus — a high-resolution land cover product from Copernicus
used to assess urban green space and land use changes.

Copernicus The EU’s Earth observation programme providing satellite and in-situ data for
environmental monitoring, including biodiversity and land use.
Environmentally Extended Multi-Regional Input-Output — a modelling technique

EEMRIO that traces environmental pressures (e.g., land use, emissions) across global supply
chains.
Environmental Impact Assessment / Environmental and Social Impact Assessment —

EIA / ESIA formal processes to evaluate the environmental and social effects of proposed
projects.

GHG Greenhouse Gas — gaseous compounds that trap heat in the atmosphere and
contribute to climate change.

LAU Local Administrative Unit — a territorial division used for statistical and governance
purposes, such as municipalities or communes in Europe.

LiDAR Light Detection and Ranging — a remote sensing method that uses laser light to
map surfaces, including urban tree cover.

MUEPP Milan Urban Food Policy Pact — a global agreement of cities committed to
developing sustainable and inclusive urban food systems.
Non-Governmental Organisation — a non-profit, voluntary citizens' group that is

NGO independent from government, often active in environmental, social, and policy
issues.

NRR Nature Restoration Regulation — a 2024 EU regulation requiring Member States to
halt the decline of biodiversity and restore ecosystems, including in urban areas.

. A wetland site designated to be of international importance under the Ramsar

Ramsar Site . . .
Convention, which focuses on the conservation of wetlands.

Scope 1 Biodiversity impacts within a city’s administrative boundaries, often from direct
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urban activities such as construction, pollution, and green space management.
Biodiversity impacts in peri-urban and regional areas caused by infrastructure and

Scope 2 services that support urban life (e.g., water supply, energy systems).

Global biodiversity impacts driven by urban consumption through supply chains,
Scope 3 . . .

such as land use change for food production or raw material extraction.
SDGs Sustainable Development Goals — a set of 17 global goals adopted by the UN to

promote sustainability, equity, and environmental protection.

A framework adapted from the GHG Protocol to assess biodiversity impacts at local
(Scope 1), regional (Scope 2), and global (Scope 3) scales.

Urban Nature Plan — a strategic plan developed by a city to protect, enhance, and
monitor urban nature and biodiversity

Three-Scope Approach

UNP

::huengﬁ‘:olzean Union B I ‘/T RA I LS



D4.4 - Developing capabilities for cities to reduce their biodiversity impacts (B)

EXECUTIVE SUMMARY

This deliverable presents an evolved and applied framework for assessing and reducing the biodiversity impacts
of cities, developed through the BIOTRAILS project. Building on the conceptual model introduced in Deliverable
4.3, this report extends the three-scope approach—covering urban impacts within city boundaries (Scope 1),
through regional infrastructure systems (Scope 2), and across global supply chains (Scope 3)—into practical
implementation supported by real-world data and city engagement.

Whereas D4.3 focused on conceptual development, D4.4 responds to city needs and realities. Through stakeholder
dialogues, workshops, and case study collaboration, cities helped refine indicators, inspire new quantification
methods, and identify leverage points for local action. This participatory process revealed key barriers cities face,
including limited biodiversity data access, lack of institutional integration, and challenges in translating biodiversity
goals into practical planning tools.

This report presents a revised three-scope framework for assessing urban biodiversity impacts, with clarified spatial
boundaries and illustrative use cases. It introduces a tailored set of indicators aligned with existing municipal data
systems and relevant regulatory frameworks, such as the EU Nature Restoration Regulation. It documents practical
examples from city contexts to demonstrate the framework’s relevance, including regenerative soil strategies in
Barcelona and food system transformation in Thessaloniki. Finally, the report includes a proof-of-concept
application of Environmentally Extended Multi-Regional Input-Output (EEMRIO) modelling to quantify Scope 3
impacts.

Key findings highlight that while Scope 1 impacts remain most visible and within municipal control, Scope 2 and
3 impacts often go unaccounted for, despite their scale and significance. Moreover, cities are not starting from
scratch—many are already advancing actions with co-benefits for biodiversity, health, resilience, and equity.

The report concludes that the three-scope approach offers cities a strategic lens to align local actions with global
biodiversity goals. By combining structured diagnostics with stakeholder-informed pathways, this framework
empowers cities to move beyond awareness toward measurable, multi-scalar action.

Cities are not only contributors to biodiversity loss—but essential actors in its reversal, provided they are equipped
with adaptable tools, institutional support, and a systems-thinking perspective.

Fundadty BIZTRAILS

the European Union




D4.4 - Developing capabilities for cities to reduce their biodiversity impacts (B)

This section presents the BIOTRAILS's Grant Agreement (GA) commitments, as extracted from the formal
deliverable and task description, in respect to their outputs and work to be carried out.

Table 1: Adherence to BIOTRAILS's GA Deliverable & Task Descriptions

BIOTRAILS GA BIOTRAILS GA RESPEEE -
Component Title Component Outline ERlaTUS Justification
g g Chapter(s)

DELIVERABLE

D4.4 - Developing capabilities for cities to reduce their biodiversity impacts (B)

This deliverable refers to the activities carried out in task 4.2. The final version (B) describes the lessons learned
concerning the captured opportunities for cities to reduce their biodiversity impacts demonstrator on the food
value chain (Case Studies 1 and 3). Guidance for replication will be delivered as well.

T4.2: Capture the
Opportunities for Cities
to Reduce their
Biodiversity Impacts

Funded by
the European Union

TASK(S)
Task 4.2 will capture the
opportunities for cities to reduce
their biodiversity impacts. This work
involves, firstly, the
development of an accounting
framework to support cities
identifying and quantifying key
negative contribution areas.
Secondly, it includes the
identification of market, policy, and
behavioural interventions to
mitigate impact against the
contribution areas. The third
implementation step includes the
application of the tool on a specific
values chain (likely food considering
focus of project). The work will be
demonstrated in (at least) one RCN
network city to be selected during
the project through submissions to
an internal call for Expression of
Interest. The specific value chains for
exploration will be decided during
the project in connection to Task 4.3
and Tasks 5.2-5.4, also depending
on the city context.

Chapters
234,56

Chapter 1 - Discusses why
cities are essential actors in
biodiversity, introduces the
rationale behind the three-
scope framework, and sets the
stage for localised application.
Chapter 2 - Revisits the
conceptual three-scope
approach and presents how it
has evolved into a more applied
tool, including key
methodological improvements
and quantification approaches.
Chapter 3 -Details proof-of-
concept methods used to
quantify biodiversity impacts for
each scope.

Chapter 4 - Presents real-world
case studies. These examples
illustrate how cities apply the
framework.

Chapter 5 and 6 - Summarises
the report’s key messages and
reiterates the need for cities to
act as biodiversity stewards.
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Deliverable 4.4 introduces a structured framework for understanding and reducing the biodiversity impacts of
cities, building on the three-scope model developed in Deliverable 4.3. Whereas Deliverable 4.3 proposed the
framework, Deliverable 4.4 tests and refines it through real-world application and city engagement. It aims to help
cities identify their biodiversity footprints across local, regional, and global scales, and to provide practical tools,
quantification methods, and case studies for action. The report also integrates stakeholder feedback and discusses
the challenges and limitations cities face when applying biodiversity tools in practice.

The framework draws inspiration from the GHG Protocol’s three-scope structure, adapted for biodiversity: Scope
1 captures impacts within city boundaries; Scope 2 focuses on peri-urban infrastructure and services; and Scope
3 addresses global supply chain pressures driven by urban consumption. Deliverable 4.4 responds to the objectives
set out in Task 4.2 by demonstrating how this framework can be aligned with city activities and integrated into
practical decision-making.

This deliverable is also closely linked to several other project outputs:

e D3.6(B) provides detailed biodiversity pressure estimates for cocoa and fish, which are the BIOTRAILS
priority value chains. These insights informed the selection of the banana case study in this report to avoid
duplication while demonstrating quantification methods for Scope 3.

e DA4.3 established the conceptual basis for the three-scope model, which is further developed here into a
usable framework with indicators, methods, and examples.

e Tasks 5.2-5.4 provided methodological support for quantification approaches, including EEMRIO
modelling and spatial analysis, which underpin the case studies in Chapter 4.

In line with the Grant Agreement, this deliverable also includes preliminary guidance for replication of the
framework by other cities. While not provided as a standalone chapter, this guidance is embedded throughout
the report and summarised in Chapter 6, with additional recommendations included in the annexes and
concluding reflections.

The structure of the report is as follows:

e Chapter 1 - Introduction
Introduces the deliverable, outlines BIOTRAILS commitments, and provides an overview of the report's
structure.

e Chapter 2 - A Framework for Integrated Biodiversity Impact Assessment
Revisits the conceptual three-scope approach and presents how it has evolved into a more applied tool,
including key methodological improvements and quantification approaches.

e Chapter 3 — Quantifying Biodiversity Impacts Across Scopes
Details proof-of-concept methods used to quantify biodiversity impacts for each scope, including the
use of Copernicus land cover data and EEMRIO modelling for supply chain analysis.

e Chapter 4 - City Initiatives
Presents case studies from Barcelona and Thessaloniki. These illustrate how cities are undertaking
activities that align with each scope and were engaged to explore the framework's application in local
contexts.

e Chapter 5 - Implications and Discussion
Reflects on the framework’s added value, practical relevance, and the barriers cities face in
implementation, such as data limitations and institutional fragmentation.

e Chapter 6 — Conclusions
Summarises the report’s key findings and reaffirms the importance of equipping cities with actionable
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tools for biodiversity stewardship.
e Annexes
o Annex I: NutriSoil-BIOTRAILS joint Policy Brief
o Annex ll: Thessaloniki Food Policy Analysis
o Annex lII: Cities on the Frontline (CFL) Session Summary

Urban areas have long been recognised as both a direct and indirect driver of biodiversity loss. However,
traditional assessments tend to focus on land-use change within city boundaries, neglecting the broader systemic
impacts of urban consumption, infrastructure demands, and global supply chains [1], [2], [3]. Deliverable 4.3
introduced the three-scope framework as a conceptual model to capture these spatial dimensions of biodiversity
impact. In this report, we revisit the underlying rationale not to repeat the framework, but to recontextualise it:
the focus here is on how this framing performs in real-world applications, where governance complexity, data
availability, and competing priorities shape what cities can realistically achieve [4].

Cities as a case study

While early iterations of the BIOTRAILS framework considered applying the three-scope model to specific
commodities such as cocoa or fish, we ultimately selected cities as the focal point for operationalising the
framework in Task 4.2. Several practical and strategic considerations informed this decision.

First, cities are central actors in both driving and mitigating biodiversity loss—through planning, procurement, and
consumption patterns that span all three scopes. These urban decisions span all three spatial scopes of impact
and provide a unique entry point for addressing systemic pressures on biodiversity. Secondly, this approach
complements the commodity-focused analyses delivered in earlier technical work packages. For example, D3.6(B)
provided quantitative biodiversity pressure estimates for cocoa and fish at the EU level. Rather than duplicating
those efforts, this deliverable focuses on developing municipal capabilities and identifying entry points where
cities can act—which could be in connection to multiple BIOTRAILS value chains.

Finally, focusing on cities allowed the framework to be tested in real-world governance contexts. Municipalities
manage cross-sectoral agendas such as food, waste, and water, which align directly with the thematic areas
explored in BIOTRAILS. By engaging with cities, we were able to assess how the framework could be integrated
into existing plans and policies rather than requiring a parallel process. For instance, city-level climate action plans,
procurement guidelines, or food strategies offer natural vehicles through which biodiversity criteria can be
mainstreamed.

Stakeholder engagement revealed a consistent challenge: while cities increasingly recognise the importance of
biodiversity, they often face barriers in translating this awareness into systematic action. As part of BIOTRAILS Task
4.2, engagement activities included bilateral discussions with municipal staff, participation in the Cities on the
Frontline (CFL) session on urban food systems, and the application of the three-scope framework in collaboration
with local partners in Thessaloniki. The Cities on the Frontline (CFL) session co-hosted by Resilient Cities Network
brought together city officials and practitioners from around the world to reflect on the role of urban governance
in halting biodiversity loss. It highlighted both the appetite for clearer tools and the diversity of city challenges
across regions. Participant insights underscored the importance of aligning biodiversity efforts with broader city
agendas, such as climate resilience and health. A summary of this session is included in Annex Il and link to the
full recording. These activities were complemented by synergistic insights from external initiatives such as the
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NutriSoil-BIOTRAILS workshop in Barcelona which brought together city representatives, researchers, and
practitioners to explore soil health as a pathway to urban biodiversity and circularity (more information in section
4.1). NutriSoil, a project funded under the Horizon Europe URBAG call, focuses on sustainable urban soil
management to improve ecosystem functions and reduce environmental pressures. The collaboration created an
opportunity to align policy recommendations, exchange methodologies, and test the relevance of the BIOTRAILS
framework in a broader community of practice.

Across these interactions, urban practitioners identified several common obstacles:
o Limited capacity to access or interpret biodiversity-relevant data
o Alack of integration between environmental goals and core planning or procurement processes,
o Difficulty translating abstract biodiversity concerns into actionable indicators.

These insights directly informed refinements to the framework, including the development of practical indicators,
new quantification approaches (e.g. EEMRIO modelling), and guidance on assigning actions across governance
levels.

Despite the challenges, cities offer unique opportunities for biodiversity innovation. As engines of policy
experimentation and public engagement, they can drive changes that ripple far beyond their borders. Urban
biodiversity actions often yield multiple co-benefits—increased climate resilience, public health improvements,
and more inclusive public spaces [1], [5]. Recognising these interconnections can help mainstream biodiversity
into municipal decision-making.

Using the Framework

While global biodiversity trends remain deeply concerning [5], this deliverable shifts attention from global statistics
to practical, localised strategies. The three-scope framework is intentionally designed to accommodate the varied
ecological, governance, and data realities of different cities. Whether a city is just beginning to address biodiversity
or already has advanced planning in place, the framework offers a flexible tool to prioritise actions, identify gaps,
and support cross-sector collaboration. For instance, a small municipality might focus on Scope 1 using available
green space data, while a larger city could target Scope 3 through sustainable procurement. The framework is
structured to be user-friendly for both technical staff and decision-makers, helping translate high-level
sustainability goals into specific, actionable interventions. Its indicators, case examples, and quantification
methods can inform updates to existing climate, procurement, or nature plans—empowering cities to tailor
biodiversity action to their own context.
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2 A FRAMEWORK FOR INTEGRATED BIODIVERSITY
IMPACT ASSESSMENT

While D4.3 presented the Three Scope model in conceptual terms, this report advances the framework through
stakeholder input, methodological refinement, and practical case application. The following sections present how
the framework evolved, its quantification challenges, and its potential for integration into city planning.

The three-scope framework provides a structured lens through which cities can identify and address their
biodiversity impacts at different spatial scales. Adapted from the well-established GHG Protocol [6], this model
helps urban stakeholders distinguish between direct, indirect, and supply-chain-related pressures on ecosystems.
Figure 1 graphically presents how the three scopes could be adapted in the context of biodiversity. The three-
scope approach can be easily understood at a conceptual level. However, its practical implementation requires
producing solid quantitative evidence using a combination of techniques varying from earth observation,
biodiversity analysis, regional trade analytics as well as harmonisation and integration of data across spatial and
temporal scales when/where these are available. Besides, the recognised scientific challenges in quantifying
biodiversity and its change over time will apply also in the proposed framework [7].

v
Scope 1 Scope 2 Scope 3
Biodiversity within city boundaries ~ Biodiversity nearby that supports Biodiversity far away that is
city systems connected to city activities.

Figure 1: The three-scopes described in brief. Source: Designed in Canva 2024

While simple in concept, applying the framework in practice requires cities to assess diverse data types,
governance levers, and ecological risks across each scope. While D4.3 provided an in-depth rationale for the three-
scope model, here we briefly summarise each scope and shift the focus toward real-world application.

Scope 1 - Biodiversity within the city:

Scope 1 captures biodiversity impacts occurring within a city's administrative boundaries, often resulting from
urbanisation, land-use change, pollution, and local infrastructure development. These impacts are the most visible
and commonly targeted by city policies. For instance, habitat fragmentation due to road construction, the spread
of invasive alien species, and the loss of green space can all reduce species richness and ecosystem health within
city limits[1], [2]. Cities can mitigate these impacts through urban greening programs, nature-based solutions, and
land-use planning that protects critical habitats. Indicators such as tree canopy cover, number of native species,
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and green space per capita are often used to track progress. Tools like the City Biodiversity Index (CBI), also known
as the Singapore Index [8], provide cities with a self-assessment framework to benchmark their performance. From
a policy perspective, Scope 1 impacts are often easiest to act upon because they are within the city’s jurisdiction
and involve local data and infrastructure.

Scope 2 - Regional infrastructure and services:

Scope 2 addresses biodiversity impacts that occur beyond city boundaries but are driven by the infrastructure and
services that support urban life. This includes energy systems, water supply, wastewater treatment, and waste
management facilities that may be situated in peri-urban or regional landscapes. These systems often require
substantial land conversion, disrupt habitats, or alter hydrological regimes—for example, through the construction
of reservoirs, pipelines, and transmission corridors [9]. While cities may not directly operate these facilities, they
influence them through procurement choices, land-use regulation, and partnerships with utilities. Cities often lack
adequate data to track Scope 2 impacts and rarely consider them in biodiversity plans. However, environmental
and social impact assessments (ESIAs), when designed with biodiversity-specific indicators [10], can help evaluate
risks and identify mitigation opportunities. Recent examples such as the Billion Oyster Project in New York and
the Green Wedges strategy in Melbourne illustrate how cities can work with external actors to enhance biodiversity
outcomes in regional systems.

Scope 3 - Global supply chains and consumption:

Scope 3 encompasses biodiversity pressures linked to the production and transport of goods and services
consumed by urban residents but produced elsewhere—often across national or continental distances. These
include impacts from deforestation, overfishing, mining, and water depletion associated with imported food,
textiles, timber, and electronics[1], [2]. Because Scope 3 impacts are diffuse, cities often overlook them in planning
frameworks. However, evidence suggests these impacts can significantly outweigh those in Scope 1 and 2 [11]. In
this report, we pilot the use of Environmentally Extended Multi-Regional Input-Output (EEMRIO) modelling to
trace the land-use impacts of banana imports as a proxy for biodiversity loss. Bananas were selected for this
demonstration due to their robust data availability in the FABIO database, and to avoid overlap with modelling
already conducted for BIOTRAILS value chains (cocoa and fish) which focused on different aspects and scales of
analysis. These prior results were not structured around city-level impacts or aligned with the three-scope
framework, limiting their direct applicability for this deliverable. A full rationale is provided in Chapter 3.3. While
challenging, Scope 3 offers a powerful opportunity for cities to lead in global sustainability through sustainable
procurement, awareness campaigns, and supply chain transparency initiatives. It also provides a point of leverage
for embedding biodiversity into circular economy and climate neutrality agendas.

Deliverable 4.4 transitions the three-scope approach from a conceptual model to a tested tool. This evolution has
been shaped by both methodological refinement and stakeholder engagement across case study cities. Through
these real-world applications, the framework has been adjusted to better reflect data realities, governance
structures, and the types of interventions available to city authorities.

In particular three key improvements were made:

o Indicators: We moved from illustrative examples to a set of testing indicators aligned with city-relevant
data sources. For example, Scope 1 tested % permeable surface and urban tree canopy cover; Scope 2
uses metrics such as water abstraction per capita; and Scope 3 draws on commodity-specific land use
data to reflect global impacts.
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o Quantification Methodologies: New quantification tools were explored in section 3, especially for Scope
3, where we piloted Environmentally Extended Multi-Regional Input-Output (EEMRIO) analysis. The
biodiversity impact was measured in PDF-year (Potentially Disappeared Fraction of species per year),
allowing cities to link biodiversity pressures to specific imported commodities like bananas. These
methods provide a replicable basis for cities aiming to quantify embedded impacts in procurement
decisions.

o Stakeholder Feedback Integration: Cities highlighted the need for more tailored, context-sensitive
examples to guide implementation. In response, we integrated practical insights from the NutriSoil
stakeholder workshops in Barcelona (Section 4.1) and tested the applicability of the framework through a
detailed analysis of the Thessaloniki Food Policy (Section 4.2). These activities informed the framework,
ensuring better alignment with real-world data availability, municipal mandates, and the intervention
priorities identified by participating city partners.
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3 QUANTIFYING BIODIVERSITY IMPACTS

This chapter draws together the framework development, city case insights, and methodological testing to outline
the broader implications of the three-scope approach. The goal is to move from a static framework to an adaptive
tool informed by practice, enabling cities to measure and act on biodiversity impacts more effectively. Importantly,
this is an early-stage, proof-of-concept approach to biodiversity impact quantification—intended not as a
definitive assessment, but as a first step for cities to begin understanding their biodiversity footprints across scales.
Measuring biodiversity loss is inherently complex due to its multidimensional nature, spatial variability, and the
lack of comprehensive indicators. Nevertheless, even partial estimates can inform decision-making and drive more
targeted urban biodiversity policies.

For Scope 1—direct impacts within city boundaries—the analysis focuses on land use change, habitat loss, and
the extent of urban green space and tree canopy cover. These indicators are aligned with Article 8 of the EU Nature
Restoration Regulation (NRR), which mandates no net loss by 2030 and a progressive increase thereafter. Scope
2 examines the indirect biodiversity impacts arising from infrastructure and services that support urban life but
extend beyond the city, such as water supply systems, energy infrastructure, and waste management. This is
illustrated through a case study on Athens’ water network, highlighting the regional ecological consequences of
large-scale water extraction and conveyance. Scope 3 addresses biodiversity impacts embedded in global supply
chains, using a proof-of-concept Environmentally Extended Multi-Regional Input-Output (EEMRIO) analysis of
imports. This approach traces consumption-driven land use and biodiversity pressures from European cities to
producing regions abroad, capturing the externalised nature of urban ecological footprints.

Urbanisation represents a significant driver of biodiversity loss, primarily through land-use change and habitat
degradation. The expansion of built environments typically results in the fragmentation, alteration, or complete
removal of natural habitats, thereby disrupting ecological processes and reducing habitat availability for a wide
range of species. In addition to physical transformation, urban areas introduce multiple environmental stressors,
including pollution, anthropogenic noise, artificial light, and the spread of invasive alien species, all of which
contribute to declines in biodiversity at local and regional scales.

Despite these pressures, urban areas also present opportunities for biodiversity conservation and enhancement.
The integration of green infrastructure—such as parks, green roofs, vegetated corridors, and urban wetlands—
can support native species, improve ecological connectivity, and contribute to the provision of ecosystem services.
When effectively planned and managed, urban ecosystems can provide important refugia for biodiversity and
serve as critical components of broader ecological networks, particularly in densely populated regions.

In this context, the following section outlines the latest monitoring and quantification obligations for urban nature
restoration as set forth in the EU Nature Restoration Regulation, adopted in August 2024 [19] . As the first EU
regulation to set binding urban ecosystem targets, the NRR offers a timely and policy-relevant anchor for
biodiversity impact assessment at the city scale. Specifically, Article 8 of the NRR focuses on urban ecosystems,
setting ambitious targets for the no net /oss of green urban space and tree cover by 2030, and a steady increase
in their total area from 2030 onwards. While limited to two specific targets, the spirit of the Regulation is to
enhance biodiversity, habitat quality, and increase climate resilience across the European territory, in cities and
beyond. Effective monitoring of progress is essential to ensure compliance and measure the impact of urban
nature restoration efforts.
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The entry point to understanding biodiversity impacts in the city is through assessing urban green space and tree
canopy cover, as well as complementing with assessments in key thematic areas offering potential indicators to
complement the targets set in Art. 8 of the NRR.

In brief, Article 8 of the NRR sets targets for urban ecosystems which Member States are required to meet.
Specifically, it indicates the following targets:
1. Member States shall ensure that there is no net loss in the total national areas of urban green space and

of urban tree canopy cover in urban ecosystem areas by 2030, compared to the situation in 2024.

2. Member States shall progressively increase the total national areas of urban green space as of 2031, with
a 6-year revision period, until satisfactory level of greening is achieved. The increase is achieved through
the integration of green spaces in buildings and infrastructure.

3. Member States shall achieve an increasing trend of urban tree canopy cover in each urban ecosystem
area, measured every six years from 1 January 2031, until a satisfactory level is achieved.

Figure 2 illustrates the roadmap for implementation of Article 8 of the NRR by national and local governments.

As compared to 2024 —— Urban green spaces Nationally
B
Art. 851
— Now = 2030 — 4{ Urban tree cover In each urban
ecosystem area
ArL 851 Art 8§1/ Art 1454 / Art 3521

4‘ Exemptions

Art 851

UGS = 45% In urban centres &

Article 8 || UTC = 10% in urban clusters
Urban ecosystems Art 3516

Art 851

—— Urban green spaces Nationally
Measured every 6 years Art. 8§2 / Art 1454 / Art 1455 / Art 3§20
b 2031 and after Increasing trend
Art 8§2+3 Art 852+3 Urban tree cover In each urban
R ecosystem area

Art. 883/ Art1454 7 Art 1455 / Art 3§21

Exi ions

Figure 2: Roadmap of implementation of Article 8 (Source: Anne Franklin, Brussels Institute of Statistics and Analysis,
Perspective Brussels - webinar series Greening Cities Partnership)

To evaluate progress against these targets, Member States, through municipalities or local authorities will need
to monitor indicators on urban green spaces and tree canopy cover. The following sections provide guidance on
how this can be achieved using publicly available data, and make suggestions for complementary assessments.

3.1.1 Monitoring the Extent of Urban Green Spaces

Assessing urban green space coverage requires consistent data collection obtained through remote sensing
and/or field surveys, and processing in Geographic Information Systems (GIS). Tracking changes over time helps
urban areas measure compliance with no net loss targets and identify areas for restoration.

The assessment can be carried out using the CLCplus Backbone powered by Copernicus’ Land Monitoring Service
[20]. The product constitutes the baseline land cover product for Europe providing comprehensive, seamless, and
accurate land cover information for multiple domains and applications such as environmental monitoring, land
use planning, climate change-related assessments and emergency management. It has a raster format and a
resolution of 10 meters, showing the dominant land cover among 11 basic land-cover classes. Urban green space
is considered the total area covered by trees, bushes, shrubs, permanent herbaceous vegetation, lichens and
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mosses, ponds and watercourses found within cities or towns and suburbs. Figure 3 shows land cover for the city
of Padova: aggregating the abovementioned cover types results in the total urban green space area. Changes can
be detected and measured between years in a GIS application.

CLCplus Backbone 2021 (raster 10 m),Eurog

Sealed

Woody needle leaved trees
Woody Broadleaved deciduous trees
Woody Broadleaved evergreen trees
Low-growing woody plants

Permanent herbaceous

Lichens and mosses I

Non and sparsely vegetated

Water I

Snow and ice

Outside area

=
0
O
M
=
Ol
" | Pperiodically herbaceous
||
=]
|
g

Figure 3: Land cover for the city of Padova, Italy. In green boxes in the legend those cover types contributing to urban green
spaces (Source: Produced by Gracia Zulian, consultant JRC — webinar series Greening Cities Partnership)

3.1.2 Monitoring Urban Tree Canopy Cover

The Copernicus Land Monitoring Service also provides the High Resolution Layer Tree Cover Density product
which offers information on the percentage of tree cover in a given area [20]. With its three-year update cycle
and high-resolution data, this product is one of best publicly available European tree cover maps. The product

has a 10 meters resolution.
.»5- R0, el
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Figure 4. Tree density cover for the city of Padova, Italy (Source: Produced by Gracia Zulian, consultant JRC — webinar series
Greening Cities Partnership)

While the Copernicus openly available products provide a satisfactory resolution for the monitoring and
evaluation of the proposed NRR targets, local surveys (e.g. of passive high resolution optical imagery and/or
active airborne LiDAR remote sensing [21] or other data platforms can often provide a better resolution. By
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extension, results may differ between the two analyses. This is the case for the Metropolitan Region of Brussels
particularly for low tree cover density areas which are better detected by a locally carried survey (see Figure 5).

Figure 5: Brussel tree cover density using Copernicus data (left) and using local aerial survey data (right). Source: Produced

by Anne Franklin, Brussels Institute of Statistics and Analysis, Perspective Brussels — webinar series Greening Cities
Partnership

3.1.3 Spatial scales for monitoring and evaluation

The choice of the reference urban ecosystem area will have implications on the outcomes of the assessment.
Member States are able to choose whether the assessment is performed at the Local Administrative Unit (LAU)
level or in aggregated spatial extents represented by City Centres or City Clusters. In the latter case, it is evident
that averaging takes place over a larger area. Such clusters are based on grid-based analysis at 1000 meter
resolution, considering each cell’'s population density. More information can be found in this interactive resource

(see Figure 6) [22]. -
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Figure 6: Definition of urban centres and towns based on grid density analysis (Source: DG Regional and Urban Policy)
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Moreover, as shown in Figure 2, exemptions apply for LAUs or City Centres where the urban green space or the
urban tree canopy cover exceed 45% and 10% of the total area respectively.

3.1.4 Complementary Indicators for Urban Nature Plans

The Nature Restoration Regulation (NRR) encourages the restoration of urban ecosystems, with a focus on
increasing green spaces and tree canopy. However, it does not require cities to develop Urban Nature Plans
(UNPs) nor does it offer a complete set of indicators for urban biodiversity. Instead, it supports the broader aims
of the EU Biodiversity Strategy for 2030, which calls on cities with over 20,000 inhabitants to develop and
implement such plans. Within this broader framework, complementary indicators can help cities measure progress
in both the quantity and quality of nature in urban areas.

One useful reference is the work of the Greening Cities Partnership under the Urban Agenda for the EU. Their
proposed indicators—adapted from the European Commission’s handbook on evaluating Nature-based
Solutions—provide a practical basis for cities to develop their own Urban Nature Plans. These indicators are
especially relevant for quantifying Scope 1 biodiversity impacts: those that result directly from land-use change,
green space management, and other municipal activities within the city’s administrative boundaries. As such, they
provide a foundational tool for cities aiming to track and report on their direct ecological impacts. A summary of
these indicators is provided in Table 2.

Table 2: Indicative complementary indicators for Urban Nature Plans (Source: GCP)

Theme Potential complementary indicators
Green Space Management Share of public and private green urban areas

Number and type of trees and shrubs planted

Biodiversity enhancement . . .
Control of invasive species in flora and fauna

Urban tree canopy cover (linked to the mandatory indicators)

Ecological connectivit . . .
9 y Number of connected green spaces with ecological function

Climate Resilience Species of the municipal inventory of trees and shrubs adapted to future climate

Environmental co-benefits Air Quality Improvement potential (including conventional pollutants and/or PAHs)

Proximity to green spaces

Social co-benefits o
Accessibility to green spaces

Economic co-benefits and jobs .
Economic value of urban nature

creation
Participatory planning and Degree of stakeholder and citizen engagement, e.g. through Citizen Assemblies, Local
governance Green Council or similar.

3.1.5 Implications for Cities

To meet the targets outlined in Article 8 of the Nature Restoration Regulation (NRR), strong coordination is needed
between national governments—responsible for drafting National Restoration Plans—and local authorities, who
are at the frontline of implementation. Policy coherence across governance levels will be essential to ensure that
urban renaturing efforts align with broader planning, climate, and land-use priorities.

Delivering on these ambitions will require not only technical support and dedicated financing but also local
capacity to identify and act on opportunities for direct intervention. Cities play a key role in restoring biodiversity
through land management, park maintenance, street tree planting, and control of invasive species—all of which
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fall under Scope 1. Quantifying these direct impacts helps cities prioritise high-leverage actions and demonstrate
progress toward restoration goals.

Engaging the broader urban ecosystem—including businesses, landowners, and community organisations—will
also be vital to scaling nature restoration. Shared ownership and capacity-building across sectors can unlock
innovative partnerships and ensure that renaturing efforts are inclusive and locally relevant. Finally, cultivating
public support through awareness-raising and encouraging pro-nature behaviours among residents will be crucial
to sustaining long-term transformation.

3.1.6 Bristol Case Study

The Biodiversity Net Gain (BNG) regulation implemented by Bristol City Council represents a state-of-the-art
approach to embedding biodiversity outcomes within the urban planning system. Mandated by the UK's
Environment Act (2021), BNG requires that all new developments deliver at least a 10% net gain in biodiversity
relative to their pre-development state, and that this gain be maintained for a minimum of 30 years. What makes
Bristol's implementation exemplary is the combination of legal enforceability, standardized measurement tools,
and integration into the planning process from project inception to post-construction monitoring.

Bristol's approach is grounded in a statutory biodiversity metric that quantifies habitat value based on key
variables such as distinctiveness, condition, size, and strategic significance. This metric is applied both before and
after development to calculate biodiversity unit changes, ensuring that gains are demonstrable and auditable. A
detailed guidance framework sets out rules, hierarchies, and principles, while mechanisms like conservation
covenants and Section 106 agreements ensure long-term legal enforcement.

Crucially, the BNG framework is not just a reporting tool but a driver of design. It embeds ecological thinking into
spatial planning through a multidisciplinary lens, incentivizing developers to retain and enhance habitats on-site,
or where necessary, to invest in legally secured off-site compensation. This proactive, quantified, and enforceable
model positions Bristol as a leader in aligning development with ecological regeneration. It exemplifies how cities
can move from aspirational greening policies to binding regulations that genuinely reverse biodiversity loss. As
such, it serves as a critical reference for cities across Europe seeking to align with the Nature Restoration Regulation
and operationalize Scope 1 biodiversity assessments within urban boundaries.

Urban areas depend on extensive infrastructure systems and service networks that often extend well beyond their
administrative boundaries. Key sectors such as water supply and wastewater treatment, waste management, and
energy provision require large-scale installations, resource extraction, and land-use modifications across peri-
urban and regional landscapes. These systems, while essential for sustaining urban populations, can have
significant and often overlooked impacts on biodiversity. For example, the construction of reservoirs, pipelines,
energy corridors, and landfill sites may lead to habitat loss, ecosystem fragmentation, and altered hydrological
regimes, thereby affecting both terrestrial and aquatic ecosystems in surrounding regions.

These types of impacts fall under Scope 2: they are not caused directly by the city’s own land-use change, but are
the result of goods and services consumed by the urban population and institutions. Quantifying Scope 2
pressures is critical for understanding the broader ecological footprint of cities and identifying leverage points for
more sustainable procurement, planning, and infrastructure decision-making.

Given the strong context dependency of infrastructure design and environmental conditions, it is critical to
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consider local and regional specificities when assessing potential biodiversity impacts. In this regard, the following
section introduces a case study focusing on the water supply system for the Athens metropolitan area. This
example serves to illustrate how infrastructure serving urban populations can influence biodiversity outcomes
across broader geographic scales.

3.2.1 The expansion of Athens’ water supply system

The metropolitan region of Athens, accounting for a substantial proportion of Greece’s population, has historically
faced considerable challenges in securing reliable water resources [23]. Initially reliant on nearby sources—most
notably the Marathon Reservoir, completed in 1931—Athens' water supply infrastructure has undergone
successive expansions in response to increasing urban water demand and the intensification of hydrological
droughts, particularly during the prolonged drought of the late 1980s and early 1990s. Over time, additional
sources were integrated into the system, including Lake Yliki in 1959, the Mornos Reservoir in 1980, and the Evinos
Reservoir in 2001. These augmentations have progressively extended the city’s dependence on remote
catchments, with some located over 200 kilometres from the urban core, thereby embedding Athens’ water
security within a broader regional hydrological context.
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Figure 7: Water sources for the city of Athens, Source: Sargentis, 2079

3.2.2 Regional hydroecological impacts

This reliance on distant surface water resources has necessitated the interception and regulation of multiple river
systems, most notably the Mornos and Evinos rivers. The construction of large-scale reservoirs and conveyance
infrastructure has significantly altered the natural hydrological regimes of these catchments. Impoundment has
resulted in the permanent flooding of upstream areas, entailing the transformation or loss of terrestrial habitats.
Downstream, altered flow regimes have led to a reduction in freshwater availability for riparian and aquatic
ecosystems. In recognition of these impacts, environmental flow requirements have been incorporated into water
management strategies; for example, a regulated minimum flow of 1 m3/s is maintained downstream of the Evinos
Dam to support ecological functions and ecosystem services [24]. The deltaic wetland and the life it supports is
nonetheless impacted.

'I’
B BIZTRAILS

the European Union



D4.4 - Developing capabilities for cities to reduce their biodiversity impacts (B) 22

Hydrological regulation has also disrupted sediment transport processes, contributing to increased erosion in
downstream and coastal areas due to sediment retention within reservoirs. The Evinos river delta has retreated
350 meters over the last 71 years, partly due to reduce sediment deposition after the construction of the dam
upstream [25]. Furthermore, reduced infiltration and recharge rates have been associated with declining
groundwater levels, heightening the risk of saltwater intrusion in vulnerable coastal aquifers. At the same time,
the newly formed reservoirs have given rise to novel aquatic habitats, some of which are subject to strict
environmental protection measures. The Evinos Reservoir, in particular, forms part of the Messolonghi-Aitoliko
Lagoons complex, which is designated under the Ramsar Convention as a wetland of international importance.
These protective designations have imposed significant constraints on upstream land uses, limiting agricultural
and industrial activity and thereby contributing to the conservation of regional biodiversity. For instance, regular
monitoring of the water sources demonstrates consistently high water quality, as reflected in both
physicochemical and biological indicators [23].

3.2.3 Implications for decision making and environmental management

The pronounced demographic and economic disparity between the Athens metropolitan region and its water-
supplying catchments provides a strong rationale for the development of inter-basin infrastructure. Given the
concentration of population, industrial activity, and service demand in the capital, the strategic allocation of water
resources from comparatively low-density, rural upstream regions can be viewed as a rational response to regional
resource imbalances. However, this case also exemplifies Scope 2 biodiversity impacts—those arising from
infrastructure and services located outside urban boundaries but essential to sustaining urban life. The ecological
implications of such interventions necessitate robust regulatory safeguards. In this regard, the systematic
application of Environmental Impact Assessments (EIAs), alongside the formulation and implementation of
evidence-based environmental management plans, is essential. These mechanisms serve to identify, monitor, and
mitigate potential adverse effects on both pre-existing and newly created ecosystems, thereby supporting the
ecological integrity of the affected landscapes and ensuring compliance with national and international
conservation obligations.

Quantifying biodiversity impacts linked to urban activities—what we define as Scope 3—is both essential and
challenging. These impacts occur far beyond city boundaries, embedded in the complex, global supply chains that
provide food, clothing, construction materials, and electronics to urban populations. While cities may not directly
see or control these effects, their consumption patterns are a major driver of global biodiversity loss. Land
conversion for agriculture, deforestation, overfishing, and water depletion are frequently tied to the demand
generated in cities, making Scope 3 a critical, yet often invisible, part of a city's ecological footprint.

Despite its importance, Scope 3 remains the least understood and least measured category of urban biodiversity
impact. Methodological complexity, fragmented data, and the global dispersion of environmental pressures make
it difficult to trace biodiversity outcomes back to specific urban activities. Traditional accounting systems struggle
to connect urban demand with remote ecosystem degradation. However, advances in Environmentally Extended
Multi-Regional Input-Output (EEMRIO) analysis are opening new opportunities. By linking trade, land use, and
ecological impact data, these models allow for an estimation of biodiversity pressures associated with specific
commodities. The following case study demonstrates how cities can begin to apply this approach to better
understand their global biodiversity footprint and identify points of intervention.
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3.3.1 EEMRIO Analysis

To demonstrate the quantification of global biodiversity impacts under Scope 3, we conducted a proof-of-concept
analysis using Environmentally Extended Multi-Regional Input-Output (EEMRIO) modelling.

While BIOTRAILS focuses primarily on cocoa and fish as key food-related value chains, we selected bananas for
this modelling exercise based on data availability and methodological suitability. Specifically, the FABIO
database—used to support EEMRIO modelling in this deliverable—offers well-integrated and high-resolution data
for banana production, trade flows, and land-use characteristics. In contrast, marine commodities such as fish
remain underrepresented in FABIO, limiting the robustness of biodiversity impact modelling for fisheries.
Moreover, while some data are available for cocoa they were already the focus of separate modelling in Deliverable
3.6(B) using a different method and purpose. This deliverable instead aims to demonstrate the applicability of
EEMRIO specifically at the city level using a complementary case - bananas—an underexplored yet highly
consumed commodity with robust FABIO data and a clear Scope 3 biodiversity footprint.

To ensure complementarity and avoid duplication with ongoing BIOTRAILS modelling work, this analysis was
conducted in close collaboration with the Work Package 3 (WP3) team at ETH Zurich. Several coordination
meetings were held to refine the approach and ensure that the banana case provided added methodological value
while remaining aligned with the overall framework. The banana case study presented here therefore serves as a
methodological demonstration, illustrating how cities could replicate Scope 3 biodiversity assessments for a wide
range of commodities, provided the appropriate datasets are available. The purpose is not to prioritise bananas
within BIOTRAILS value chains, but to validate the use of EEMRIO as a quantification method for municipal-level
application—particularly in support of sustainable procurement and food policy decisions. This value chain
exploration also tests the assumption that local food production — regardless of the crop selected — is a sustainable
choice.

The Environmentally Extended Multi Regional Input Output (EEMRIO) analysis assessed the environmental
footprint of banana consumption in Greece from 1995 to 2020. This method links consumption data to biodiversity
pressures in producing regions, enabling cities to trace their global supply chain impacts and identify leverage
points for sustainable procurement. A detailed description of the EEMRIO methodology is available in Deliverable
3.5. All data used is available in the BIOTRAILS data repository.

In 2020, Greece consumed 162,444 tonnes of bananas, of which 97.6% were imported. Ecuador alone supplied
88% of all bananas, indicating a high dependency on a single international source. A very small number of the
bananas came from local production in Crete, Greece.
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Figure 8: Banana Plantation - Vai Beach, Crete. (Source: Dario&Monia Greece.com )

Local Production

Domestic banana production in Greece is concentrated almost entirely on the island of Crete, primarily in the Arvi—
lerapetra region. Cultivation occurs in both greenhouses and open fields, with greenhouse operations dominating
due to Crete’s warm, arid climate and irrigation from gorges like Arvi's. Despite their small share in total
consumption (2.4%), domestically grown bananas accounted for a disproportionately high share of certain
environmental burdens. Annual output is modest—approximately 1,500-3,000 tonnes, covering less than 2% of
national consumption. While their environmental footprint for biodiversity and nitrogen is lower, their blue water
use remains significant given Crete’s water stress. Moreover, drought and economic margins are causing some
producers to shift toward more profitable crops such as cucumbers—underscoring the volatility and regional
specificity of domestic banana production.

Import vs. Domestic

The biodiversity impact, measured in PDF-year (Potentially Disappeared Fraction of species per year), was almost
entirely driven by imported bananas, which contributed 99.95% of the total biodiversity footprint. This higher
percentage (99.95%) compared to the 97.6% import share reflects the significantly greater biodiversity impact per
ton of imported bananas—on average, 50 times higher than that of domestically produced bananas. This stark
contrast underscores the ecological costs embedded in global food supply chains and the critical role of sourcing
decisions in shaping biodiversity outcomes.

This biodiversity footprint, however, does not occur in isolation -other environmental trade-offs emerged across
categories. For example, while imported bananas had higher biodiversity and nitrogen application impacts
(=4 times higher nitrogen use per ton), domestically produced bananas exhibited a much higher blue water
footprint—264 m?3 per ton compared to just 55 m?3 per ton for imports. These findings illustrate the importance of
considering multiple environmental dimensions simultaneously, as reductions in one category (e.g. biodiversity
impact) may lead to increases in others (e.g. water use).

It is important to note that the results of this analysis are presented at the national level due to current data
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availability. However, this methodology is transferable to the city scale, particularly for large metropolitan areas
that manage procurement or food distribution systems. With improved access to city-level consumption data,
cities could apply the same EEMRIO approach to trace the biodiversity impacts of their own supply chains—
strengthening their capacity to make biodiversity-informed procurement decisions and food system interventions.
The model could be downscaled to the city level (e.g. Thessaloniki) using per capita GDP as a proxy for
consumption, but the analysis still relies on national-level supply chain structures. Downscaling requires clear
communication of assumptions, particularly around representativeness and local procurement variation

The study demonstrates that cities can use EEMRIO approaches to quantify Scope 3 biodiversity impacts from
specific commodities, enabling data-informed procurement policies. Such analysis provides an evidence base for
diversifying sources, setting sustainability standards for imports, and raising awareness of the hidden
environmental costs embedded in everyday consumption.

Limitations

While the EEMRIO approach offers a powerful tool for supply chain analysis, it is subject to several limitations. The
biodiversity impact factors (PDF-year) are derived from global averages and do not capture local ecological
sensitivities or species specific vulnerabilities. Additionally, the FABIO database does not account for temporal
variations or regional water scarcity, potentially underestimating the severity of blue water use in water scarce
regions like Crete. The FABIO database supports time series analysis, although with some temporal resolution
gaps across years. Transport emissions, and retail stage impacts are excluded from the analysis, meaning the
results represent a partial but important picture of total supply chain pressures. Despite these constraints, the
analysis offers a valuable starting point for cities to identify hotspots and set more biodiversity sensitive
procurement strategies.

Fundadty BIZTRAILS

the European Union




D4.4 - Developing capabilities for cities to reduce their biodiversity impacts (B) 26

4 HOW CITY INITIATIVES ALIGN WITH THE
FRAMEWORK

Drawing on examples from Barcelona and Thessaloniki, this section demonstrates how the framework can be
applied in diverse policy areas—from regenerative agriculture to food planning. This shows how cities are already
engaging with stakeholders to reduce biodiversity impacts across the three scopes. The focus on food-related
initiatives reflects the BIOTRAILS project’'s emphasis on food systems as key levers for biodiversity impact
reduction, in line with the grant agreement’s thematic priorities.

The cities of Thessaloniki and Barcelona were selected through internal BIOTRAILS discussions based on their
willingness to collaborate, their relevance to food system governance (Thessaloniki), and their existing initiatives
aligned with one of the three biodiversity scopes. Their food and infrastructure strategies provided suitable entry
points to apply and test the framework. These cities were not intended as representative samples, but as
exploratory demonstrations of how the framework can be applied in practice The city activities presented do not
only illustrate biodiversity action across the three scopes—they also informed the refinement of the framework’s
quantification approach.

This chapter highlights how cities participating in the BIOTRAILS project have engaged with biodiversity through
practical initiatives and policy development across the three scopes of impact. While the quantification
methodologies outlined in Chapter 3 remain largely conceptual and data-driven, the examples here demonstrate
how cities are already taking concrete action to reduce their biodiversity footprint. From regenerative agriculture
and circular biowaste strategies in metropolitan Barcelona (Scope 1) to developing inclusive food policies in
Thessaloniki (Scope 2 and 3), these case studies show the potential for urban action to contribute meaningfully to
biodiversity goals. It is important to note that some initiatives inevitably span across scopes—for instance, food
policies affect both local waste systems (Scope 2) and global supply chains (Scope 3), underscoring the
interconnected nature of urban biodiversity impacts. Each initiative provides valuable insight into the challenges,
innovations, and co-benefits of integrating biodiversity into urban governance and planning.

4.1.1Biodiversity in City Soils

Urban soils are a vital but often overlooked foundation of biodiversity and climate resilience. Globally, soils support
over 25% of all biodiversity, hosting an immense variety of microorganisms, invertebrates, fungi, and root systems
that sustain terrestrial ecosystems [12]. In cities, these functions are especially critical, given the high degree of
land fragmentation and pressure from impervious surfaces. Urban vegetation—enabled by healthy soils—helps
regulate temperature, retain water, filter pollutants, and provide habitat for pollinators and small fauna. From the
perspective of the BIOTRAILS framework, urban soil health aligns directly with Scope 1, which addresses
biodiversity impacts within city boundaries. Restoring soil function through organic matter enrichment and
microbiological recovery offers a scalable, cost-effective pathway for cities to support local biodiversity while
advancing climate, water, and health objectives.

Recent research confirms the biodiversity benefits of soil and vegetation cover in urban areas: cities with more
than 10% vegetation cover show significantly higher species richness, while biodiversity declines rapidly below
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that threshold [12]. This indicates that even modest gains in soil and green space quality can deliver measurable
biodiversity benefits. Moreover, soils act as biological filters—removing nitrogen, heavy metals, and particulate
matter from stormwater and air before these pollutants reach rivers or the urban atmosphere [13]. Restoring soils
in former industrial zones, roadside verges, and compacted public spaces can therefore improve both ecological
and public health outcomes.

Urban soil regeneration also plays a central role in climate resilience. Soils support vegetation that shades and
cools built environments, reducing the urban heat island effect. According to modelling by Naumann and Iwaszuk
[14], a 10% increase in green space can lower surface runoff by 5-6% and reduce local air temperatures by up to
0.6°C. Greening 35% of EU urban surfaces could generate up to €585 billion in net benefits through reduced
cooling costs and climate impact mitigation. These findings highlight the dual value of soil biodiversity for both
environmental quality and economic efficiency.

4.1.2 NutriSoil-BIOTRAILS synergies

NutriSoil is a Horizon Europe-funded initiative under the URBAG Consolidator Grant (NUTRISOIL ERC-2023-POC,
101138151 - link), which piloted composting and nutrient recovery in the Barcelona Metropolitan Area. While
these are important priorities, the project did not make any due considerations of direct biodiversity protection

(building soil biodiversity) nor indirect biodiversity protection through shortening food supply chains — two
benefits that are taking place but go unnoticed. BIOTRAILS connected with the NutriSoil initiative to offer a strong
demonstration of how Scope 1 biodiversity outcomes can be achieved through regenerative soil strategies. Its
relevance to BIOTRAILS lies in its alignment with our framework's objectives—particularly enhancing biodiversity
within city boundaries through soil restoration and circular food system interventions. Lessons learned from
BIOTRAILS were leveraged as a synergy with Nutrisoil to showcase practical, transferable solutions for Scope 1
impacts. The inclusion of this case reflects our goal to connect cities with tested practices that can support
biodiversity without duplicating project-funded activities. Ultimately, this work demonstrated how biodiversity
protection can be mainstreamed through actions that cities already promote.

NutriSoil piloted nutrient recovery by converting urban biowaste—such as food scraps and tree pruning—into
compost and soil amendments like Ramial Chipped Wood (RCW). These materials were tested in agricultural trials
and demonstrated benefits including improved soil structure, increased water retention, enhanced microbial
activity, and reduced greenhouse gas emissions. Cities like Vienna and Rotterdam were highlighted as leading
examples, integrating composting and regenerative soil practices into broader circular economy and biodiversity
goals.

4.1.3 Policy Brief Findings

A detailed policy brief, jointly produced between BIOTRAILS and NutriSoil, is included in Annex | (Link to PDF) to
inform replication potential for other cities.. The brief outlines practical reforms at local and national levels to
embed soil health into waste, agriculture, and land-use systems.

Immediate actions include investing in decentralised composting infrastructure, creating cross-departmental
coordination platforms, and supporting farmers with technical and financial incentives. To fully realise these
actions, stronger policy alignment and coordination are essential. Fragmented governance—especially across
waste, agriculture, and urban planning—continues to slow the uptake of circular soil solutions. Cities must align
local strategies with these EU policies while tailoring implementation to local conditions such as soil types, nutrient
composition, and farmer needs. Establishing interdisciplinary soil health committees can help identify co-benefits,
integrate policies across sectors, and support inclusive governance. Closing this implementation gap—particularly
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in peri-urban zones, where the potential for nutrient recovery is high—will be critical to advancing EU objectives
and building more resilient, circular urban systems.

NutriSoil's approach contributes directly to the EU Soil Strategy, Nature Restoration Law, and Circular Economy
Action Plan. By embedding soil regeneration into urban policy, cities can simultaneously advance biodiversity
targets, reduce reliance on synthetic fertilisers, and create more resilient, self-sustaining urban food systems. The
recommendations from this brief are highly relevant to the BIOTRAILS framework under Scope 1, as they
demonstrate how concrete policy actions can enhance biodiversity outcomes within city boundaries. For example,
healthier soils can support more plant species, improve conditions for pollinators, and create better habitats for
insects and other small animals. These insights complement BIOTRAILS efforts by highlighting transferable
governance strategies and investment priorities that support urban biodiversity through soil health.

4.2.1 Biodiversity in Food Systems

The importance of biodiversity for the sustainability of our food systems cannot be overstated; however,
paradoxically, these very food systems stand as the primary drivers of biodiversity loss. Presently, global food
systems pose a threat to 86% of at-risk species and are projected to contribute to around 70% of the anticipated
loss in terrestrial biodiversity [15]. Over the past 50 years, the biggest driver of habitat loss has been the conversion
of natural ecosystems for crop production or pasture. Currently, cropping and animal husbandry occupy about
50% of the world's habitable land [16]. In addition, the global food system is responsible for more greenhouse
gas (GHG) emissions than any other aspect of our lives, further impacting biodiversity loss [16].

Cities are central to food system dynamics—from consumption patterns to dietary influences and waste
management. Urban centres have evolved from relying on local food production to sourcing products from across
the globe, relying heavily on far-flung ecosystems. While trade has extended the reach of food supply, the
ecological consequences remain embedded in the producing regions. Most cities cannot meet their own food
demands locally, depending instead on diminishing terrestrial and marine resources in hinterlands and distant
production zones.

Given their scale, consumption patterns, and influence, cities are both drivers of biodiversity impacts and potential
leaders in reversing them. For urban areas to meet growing food demands without exacerbating ecosystem
degradation, they must embrace transformative policies that centre biodiversity conservation and sustainability.
This is not only vital for the wellbeing of urban populations, but also for maintaining global ecological integrity.
To support this transition, city governments and their partners must play multiple roles: as regulators shaping
policy, facilitators enabling change, and advocates for sustainable food practices. One promising approach is the
formation of food policy councils—collaborative governance platforms that use structured, evidence-based
processes to develop coherent urban food strategies.

Global Food Supply

Food supply shocks are increasing worldwide. These shocks, often initiated by disruptions in food production or
distribution in one area, have cascading effects on the global food supply chain. Ecological theories suggest that
similar to how biodiversity stabilises ecosystems against external shocks, diversity within food supply chains is vital
for mitigating the risk of these shocks to human populations. By improving the diversity of a city's food supply
chain it can bolster its resilience to mild to moderate food shocks by as much as 15% [17].

The primary drivers of food supply shocks are extreme weather events potentially intensified by climate change,
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and the rising threat of simultaneous global breadbasket failures, which could lead to systemic and catastrophic
losses in food production. Additional factors, such as geopolitical crises and policy changes, significantly impact
various food systems. Moreover, the COVID-19 pandemic demonstrated how public health crises could
significantly disrupt food supply chains across national economies. While global and national food supply chains
are more exposed to shocks compared to local ones, they also offer added diversity and resilience, presenting a
nuanced view of the global food system's vulnerabilities and strengths.

4.2.2 Introduction to Thessaloniki

Thessaloniki, Greece's second-largest city, is renowned for its rich history, vibrant culture, and architectural
landmarks, including Byzantine walls and a picturesque waterfront. The city serves as a cultural hub, blending
traditional charm with modern vitality, making it a focal point for gastronomy, arts, and education in the region.

Thessaloniki is a signatory of the Milan Urban Food Policy Pact (MUFPP) since 2015. The Milan Urban Food Policy
Pact (MUFPP) is a commitment by cities worldwide to develop sustainable food systems that are inclusive, resilient,
safe, and diverse. It emphasizes food access, reducing waste, and linking urban and rural areas for food production.
This initiative fosters international collaboration among cities to share best practices and policies in urban food

governance. The Thessaloniki food policy emphasises resilience and the promotion of local products. Key
initiatives include the Thessaloniki2030 Strategy, involvement in projects like Social Plate for distributing unsold
produce to vulnerable populations, the Thessaloniki Food Festival, and an urban vineyard. Future plans include
creating an urban garden for educational purposes, fostering urban agriculture, and developing a comprehensive
food policy and a Food Council [18].

The city's focus on changing young people's food habits starts with building school vegetable gardens and pop-
up kitchens, using these gardens as innovation hubs for education, and involving families and households in the
learning process. This comprehensive approach aims to develop an integrated food policy with active stakeholder
engagement and establish an institutionalised Food Council, divided into focus groups to prepare guidelines on
various food-related topics.

4.2.3 Analysis of the Thessaloniki Food policy

The Thessaloniki Food Policy concerns the nutritional policy of the Municipality of Thessaloniki. It was drawn up
in a participatory manner by the Nutrition Policy Council of the Municipality of Thessaloniki, within the framework
of the Food Trails project and in collaboration with local bodies and local experts from a multitude of scientific
fields active in the field of nutrition. The nutrition policy lays the framework and foundations for the
implementation of a broader interdisciplinary and participatory strategy in the field of nutrition, which focuses on
and utilizes the geographical, historical, social, cultural, and other local specificities of Thessaloniki. The analysis,
conducted in collaboration with city personnel, represents an important test case for how urban food policies
influence biodiversity at local, regional, and global scales. The results of this analysis have been discussed directly
with city stakeholders, ensuring their relevance to local decision-making processes and contributing to ongoing
updates to the city's food strategy. The full analysis can be found in Annex II.

Under Scope 1, the Thessaloniki Food Policy promotes urban and peri-urban agriculture initiatives such as school
gardens, green rooftops, and edible parks. These activities can support biodiversity by enhancing urban green
space, providing pollinator habitats, and contributing to ecosystem services like heat mitigation. However, their
benefits depend on the ecological integrity of production methods. The policy also encourages integrating
sustainable practices into public procurement for food, with the aim of reducing negative ecological impacts in
the urban environment. These actions—when carefully managed—can promote biodiversity within city
boundaries.
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Scope 2 focuses on the food system'’s regional impacts. The policy supports peri-urban producers through
mapping and networking initiatives and encourages the hospitality sector to use local, traditional ingredients.
These measures can contribute to biodiversity by supporting agricultural diversity and the preservation of local
plant varieties. The policy also recognises that food waste has biodiversity implications beyond the city, including
pollution from waste facilities and leachate risks, particularly in regional landfills. The Food Pact’'s commitment to
food redistribution and reducing organic waste can help minimise these negative effects and support circular food
system innovations.

Scope 3 addresses the global biodiversity impacts associated with food consumption patterns. Thessaloniki’s
efforts to promote sustainable nutrition and shift diets—particularly among children—are framed not only as a
public health measure but also as a biodiversity strategy. The policy acknowledges that some healthy foods, like
avocados, can be associated with biodiversity loss in their regions of origin, highlighting the need for a balanced
approach. Actions to reduce food waste and better manage surpluses also fall under Scope 3, as global food
production involves high levels of embedded land use and ecological pressure. The Food Policy’s integration of
biodiversity-friendly goals into educational, procurement, and food waste systems shows an emerging systems-
thinking approach.

Overall, the Thessaloniki case illustrates how a city can begin to align its food strategy with biodiversity objectives
across all three scopes. The policy’'s emphasis on stakeholder collaboration, local identity, and evidence-based
planning provides a strong foundation for biodiversity-sensitive governance. By participating in this analysis and
engaging with the BIOTRAILS framework, Thessaloniki has taken an important step toward recognising its multi-
scalar biodiversity footprint and developing a more resilient urban food system.
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In Deliverable 4.3, BIOTRAILS introduced a set of propositions to help cities understand and reduce their
biodiversity impacts across three distinct spatial scopes. These initial propositions were rooted in literature and
early research around the conceptual three-scope framework. In Deliverable 4.4, this guidance has been further
developed through deeper analysis and real-world application. Drawing on city case studies from Barcelona,
Athens, and Thessaloniki, as well as stakeholder dialogues, workshops (e.g. NutriSoil-BIOTRAILS), and additional
desk research, this updated set of propositions reflects both tested practices and emerging recommendations.
The table below brings together this evolving knowledge base. Some actions have been observed in cities; others
are normative recommendations identified through BIOTRAILS engagement. Together, they offer practical
pathways for cities to reduce biodiversity impacts while aligning with wider policy goals like the EU Nature
Restoration Regulation and sustainable food strategies.

Table 3: Propositions for cities to reduce their biodiversity impact

Propositions for Cities

Scope 1 « Enhance urban green spaces to support biodiversity and deliver ecosystem services.
(Impacts within city « Identify and protect ecological corridors to ensure habitat connectivity and species
boundaries) movement.

« Avoid urban sprawl and preserve remnant natural habitats through spatial planning.

« Integrate soil regeneration into land-use and waste systems (e.g. through composting
strategies like NutriSoil).

« Track progress using accessible indicators (e.g. tree canopy cover, native vegetation) aligned
with Nature Restoration Regulation targets.

« Strengthen mandates through cross-departmental urban nature plans to institutionalise
biodiversity goals.

Scope 2 « Improve resource efficiency in municipal operations to reduce the city’s ecological footprint.
(Impacts from * Apply comprehensive biodiversity-sensitive Environmental Impact Assessments (EIA) for
infrastructure and major developments.

regional services) « Collaborate with utilities and service providers to incorporate biodiversity safeguards.

« Use the EU Taxonomy to screen out infrastructure projects with significant harm to
biodiversity.

« Assess ecological risks associated with upstream systems such as reservoirs and pipelines (e.g.
sediment retention, flow regulation).

¢ Build regional multi-stakeholder platforms to align urban needs with landscape-level
ecosystem protection.

Scope 3 « Raise public awareness about how urban consumption patterns affect biodiversity worldwide.
(Impacts via global « Create incentives or regulations to favour imports with reduced ecological impacts.
supply chains) « Promote sustainable labelling in municipal purchasing and public-facing campaigns.

- Test tools like EEMRIO to trace the biodiversity footprint of supply chains (e.g. bananas, soy).
- Embed biodiversity considerations into municipal food procurement and strategy design (e.g.
school meals, public kitchens).

« Encourage supply chain diversification to build resilience and reduce concentrated
environmental pressure.

Cities are encouraged to adapt and prioritise these prepositions based on local capacities, data availability, and
biodiversity priorities. Importantly, some interventions—such as supporting local regenerative agriculture—span
multiple scopes, showing the interconnected nature of biodiversity governance.

The propositions also support ongoing conversations within and between cities. They provide a structured entry
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point for stakeholder engagement, inter-departmental planning, and cross-sector collaboration. As the BIOTRAILS
framework continues to evolve, these actions may be revisited and refined through future dialogues, city pilots,
and comparative analysis across urban contexts.
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The analysis presented in this report demonstrates the practical value and policy relevance of applying a three-
scope framework to assess urban biodiversity impacts. This approach enables a comprehensive understanding of
how urban areas affect biodiversity within city boundaries (Scope 1), in their supporting infrastructure zones
(Scope 2), and through global supply chains (Scope 3).

Feedback from city stakeholders and a review of local policy documents suggest that Scope 1 impacts—such as
urban greening, soil regeneration, and habitat restoration—tend to be the most visible and actively addressed by
municipal actors. These types of interventions are often already embedded in climate adaptation, public health,
or urban planning agendas. In contrast, Scope 2 and 3 impacts remain less visible and under-assessed, despite
their significance. Infrastructure such as water, energy, and waste systems can profoundly alter peri-urban and
regional ecosystems, as evidenced in the Athens case study. Similarly, consumption-driven pressures on
biodiversity in distant ecosystems highlight cities' global environmental responsibilities.

Several key implications emerge:

o Integrated Urban Planning is Essential: Urban nature must be restored and expanded in line with legal
obligations such as the EU Nature Restoration Regulation. Scope 1 actions like tree planting, green
corridor development, and biodiversity-friendly urban planning are foundational for local ecosystem
health and human well-being.

o Infrastructure Requires Biodiversity Safeguards: Scope 2 assessments show that city systems rely on
ecosystems well beyond administrative borders. Systematic inclusion of biodiversity indicators in
Environmental and Social Impact Assessments, alongside regional cooperation, is critical for reducing
indirect ecological harm.

o Supply Chain Awareness Must Increase: Cities must recognise their indirect impact on biodiversity
through Scope 3 channels. Urban consumption patterns can drive deforestation, overfishing, and habitat
loss elsewhere. Municipal procurement policies, citizen awareness campaigns, and regulatory nudges
could shift demand toward biodiversity-friendly products.

o Co-Benefits Enhance Feasibility: Many biodiversity-enhancing actions produce co-benefits in health,
climate resilience, and food security. For example, regenerative agriculture in urban peripheries can
improve soil health, reduce emissions, and increase local food system resilience.

o Data Gaps Remain a Challenge: Quantifying biodiversity impacts—particularly for Scope 3—faces
significant methodological hurdles. Existing methods such as EEMRIO modelling show promise but
depend on databases like FABIO, which have limited coverage for certain commodities and do not easily
align with municipal procurement data.

o City Capacity and Mandates Must Be Strengthened: For cities to meaningfully address biodiversity
across all scopes, they require institutional support, regulatory clarity, and adequate funding. As many
actions occur beyond city boundaries, national governments and international frameworks must empower
and guide municipal actors.

This multi-scalar understanding emphasises the need for systemic and collaborative action. While challenges
persist, the three-scope approach equips cities with a lens to strategically align local actions with global
biodiversity goals.

Barriers to Implementation and Lessons from Negative Results
The exploration of the three-scope framework across diverse city contexts has also surfaced a range of barriers
and limitations—important findings that inform future refinements. Notably, cities reported difficulty accessing

Funtedty BIZTRAILS

the European Union




D4.4 - Developing capabilities for cities to reduce their biodiversity impacts (B) 34

reliable biodiversity data, especially for Scope 2 and 3 impacts. In Scope 3, for instance, Environmentally Extended
Multi-Regional Input-Output (EEMRIO) modelling is theoretically robust—it links global trade flows to
environmental pressures using harmonised economic and land-use datasets, allowing for system-wide impact
tracing. However, its outputs are typically aggregated at national or regional levels, making it difficult to
distinguish between sourcing regions or production methods for a given product. This lack of granularity limits its
usefulness for municipal decision-making—for example, a city choosing between different fish species or sourcing
origins for procurement would not receive actionable, location-specific biodiversity impact data from EEMRIO
results. This can limit its utility for municipal-level decision-making, particularly where cities wish to compare
specific procurement choices or design targeted interventions.

Moreover, institutional barriers persist. Environmental departments often lack influence over procurement,
infrastructure, or food policy decisions, which are governed by separate departments with different mandates and
metrics. In practice, this means that even when biodiversity data is available, it may not be integrated into the
decision-making process. Several cities noted that while the framework was conceptually useful, implementation
required cross-departmental coordination that is not yet embedded in their institutional cultures.

Finally, cities sometimes struggled to connect abstract biodiversity risks to concrete planning or budgetary
decisions. This highlights the need for further development of simple, actionable indicators and for training to
accompany the framework's rollout. Addressing these barriers is essential if the framework is to evolve from a
promising model into an institutionalised tool for change.
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6 CONCLUSIONS

Navigating the complexities of urban resilience and biodiversity presents both challenges and opportunities. This
report aims to stimulate discussions and prompt practical solutions in an area that requires more attention. It
serves as a prompt for municipalities, NGOs, communities, and individuals to collaborate under a shared vision
for integrating biodiversity as a critical aspect of urban resilience.

The analysis reveals that cities, despite covering a small fraction of the earth'’s surface, exert an outsized influence
on biodiversity locally, regionally, and globally. Urban green space loss (Scope 1), infrastructure-driven habitat
change (Scope 2), and distant land-use changes embedded in supply chains (Scope 3) all contribute to the
accelerating biodiversity crisis. Yet these same cities also hold immense potential as incubators of transformative
change.

The implementation of the three-scope approach reveals several key insights. First, there is a clear need to
strengthen the alignment between local urban actions and global biodiversity targets, ensuring that city efforts
contribute meaningfully to broader ecological goals. Second, the approach highlights opportunities to enhance
synergies between biodiversity policy and other urban agendas, particularly those focused on climate resilience,
circular economy, and public health. Finally, it underscores the importance of involving a wide range of actors—
from local communities and municipal departments to producers embedded in global supply chains—in co-
creating biodiversity-positive urban pathways.

Ultimately, reversing biodiversity loss demands a reimagining of how we design, govern, and inhabit cities. The
findings in this report offer both a caution and a call to action: urban biodiversity must be treated not as a
peripheral issue, but as a central pillar of sustainable urban futures.
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ANNEX I: NUTRISOIL-BIOTRAILS JOINT POLICY BRIEF

The full report be accessed here: https://resilientcitiesnetwork.org/nutrisoil-policy-brief/
Below is a Word version of the pdf.

Leveraging Biowaste to Revitalize Urban Agriculture

A Policy Brief for European City Officials

Author information

N. Burbar, V. Brown, L. Kapetas
Resilient Cities Network

E. Untereiner, G. Villalba
Autonomous University of Barcelona

Executive Summary

European cities are grappling with two connected challenges: declining soil health and increasing volumes of
organic waste. Degraded soils threaten food security, biodiversity, and the ability to adapt to climate impacts.
At the same time, much of the organic waste produced in urban areas is still incinerated or sent to landfill. The
NutriSoil programme demonstrates how revalorizing this waste can restore soil function and strengthen urban
agriculture. Drawing on lessons from NutriSoil's experimental work and a multi-city workshop, this brief
advocates for integrated policies that embed soil regeneration into urban planning, waste management, and
food systems—advancing a circular, low-cost approach to urban resilience.

NUTRISOIL.png
Call out box: The key facts from this policy brief
1. Today an estimated 70% of EU soils are considered unhealthy. Healthy soils are critical infrastructure

for resilient cities—supporting food production, managing water, strengthening human health,
building biodiversity and storing carbon.

e Current legislation lacks clear mechanisms for integrating soil health into urban waste, agriculture,
and land-use planning—particularly in peri-urban areas.

e Biowaste is a valuable resource. When composted, it can regenerate soils and close nutrient loops
between consumption and production.

e Aregenerative approach empowers local stakeholders to shift away from linear models of extraction,
use, and disposal and contribute directly to the EU Green Deal and Soil Strategy.
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e Scaling up regenerative urban agriculture can strengthen local food supply chains, reduce reliance
on imports, and lower the environmental and biodiversity impacts of food systems.

e Cities must act now to embed soil health into local policy, invest in composting infrastructure, and
align with EU strategies for a circular, climate-resilient future.

Soil degradation is one of the most pressing threats to Europe's resilience. Today, an estimated 70% of EU
soils are unhealthy, driven by unsustainable land use management, urban sprawl, proliferation of invasive
species, pollution, and climate change. Without urgent action, up to 90% of global soils could be degraded by
2050 [26].

In the outskirts of Barcelona, once-fertile farmland has turned hard-packed and lifeless, while cultivated land in
the metropolitan region has fallen from 20% to just 8% in a single decade [27]. While many cities face declining
soil quality and shrinking agricultural land, others are taking a different path. In Vienna, around 15% of the city’s
area is dedicated to agriculture, with a significant share managed organically—demonstrating how strong
policy support can sustain productive farmland even within a dense urban setting [28]. The city itself operates
about 2,000 hectares of organic farmland, making it one of Austria's largest organic producers [29].

Soils are not only physical ground—they are living infrastructure. Healthy soils support local food
production, storing carbon, managing stormwater, filtering pollutants, enhancing biodiversity, and protecting
public health. They are central to the functioning of entire urban and peri-urban ecosystems—Ilinking climate
regulation, nutrient cycling, vegetation health, and water quality. When soils degrade, the impacts cascade
through both natural and human systems, undermining urban resilience and ecosystem stability. Many cities
and regions rely heavily on synthetic fertilisers, despite the fact that they cannot replace the functions of
healthy, living soils. This method of nutrient application does not support the development of healthy soil
structure or function. Moreover, the production of synthetic fertilisers contributes significantly to greenhouse
gas emissions, while their overuse leads to water pollution and biodiversity loss.

Urban policy has largely overlooked the opportunity beneath our feet. Despite producing nearly 2.8 billion
tonnes of organic waste annually, cities have not prioritized systems that recover nutrients or regenerate soil
health [30]. In addition, nutrient recovery—a process that captures and reuses valuable elements like nitrogen
and phosphorus from organic waste—remains underutilized.

Current legislation lacks clear mechanisms for integrating soil health into urban waste, agriculture, and
land-use planning—particularly in peri-urban areas. Soil regeneration efforts often fall between jurisdictions
and the issue lacks ownership—it is split across waste, agriculture, and urban planning departments—making
coordinated policy development difficult. In urban areas, where green space is limited and land-use
competition is intense, most farmers operate on precarious rental contracts. At the same time, policies to
restore and protect soils remain fragmented and underdeveloped. This weakens food security, increases
dependence on imported nutrients, and undermines cities’ ability to meet climate targets.

These gaps directly hinder progress toward several EU policy priorities, including the European Green Deal, the
Nature Restoration Regulation, the EU Soil Strategy for 2030, and the Circular Economy Action Plan. The
European Commission has explicitly recognised the need to improve soil health and close nutrient cycles,
highlighting organic waste valorisation as a key area for action. The EU Soil Strategy for 2030 calls for no land
take and "restoring degraded soils and improving soil organic matter through sustainable land management
and the use of compost." [31]. Similarly, the Circular Economy Action Plan urges better alignment of waste
management with circular bioeconomy principles [32]. The Nature Restoration Law reinforces the need for soil
restoration measures, while the Furopean Green Deal positions the circular economy as essential to climate
neutrality by 2050 [33], [34]. Integrating circular approaches can help cities close nutrient loops, reduce reliance
on synthetic fertilisers, and build more resilient urban food systems.
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Turning Waste into a Soil and Climate Resilience Asset

Europe’s cities face two interconnected challenges: (1) degraded urban and peri-urban soils, which limits their
capacity to support food production, biodiversity, and climate adaptation, and (2) rising volumes of organic
municipal waste, much of which is still incinerated or landfilled, contributing to emissions and resource loss.

Yet these challenges present a significant opportunity. Urban biowaste—such as food scraps, garden trimmings,
and pruning residues—can be transformed into compost and biofertilizer. When applied to soils, this improves
structure, water retention, carbon content, and soil microbiota—making urban and peri-urban soils more
resilient to droughts and flooding. It also supports circular food systems and reduces dependence on synthetic
fertilisers.

Peri-urban agriculture is particularly well positioned to close nutrient loops. Its proximity to cities allows for
short supply chains and timely compost use. However, contaminated compost, land use competition, and
logistical gaps have slowed uptake.

NutriSoil

The NutriSoil program, part of the Horizon Europe-funded URBAG project, demonstrates how cities can restore
soil health by converting municipal biowaste—particularly tree pruning and food scraps—into regenerative
inputs for urban agriculture. Research from URBAG has shown that urban agriculture across Europe currently
makes minimal use of recovered nutrients from municipal solid biowaste and wastewater, underscoring the
need to revalorise these waste streams as valuable resources.

In the Barcelona Metropolitan Area (AMB), NutriSoil tested practical approaches to regenerate degraded soils
using recovered organic matter. Trials combined pruning residues with nutrient-rich inputs from compost and
treated wastewater , offering a promising model for circular nutrient recovery in urban and peri-urban
agriculture. In addition, NutriSoil generated evidence on how yield can be achieved by replacing synthetic
fertilisers with biowaste, and their approach enabled participation and collaboration across science and farming
sectors.

Call out Box: Ramial Chipped Wood: A Low-Emission Solution for Soil Regeneration

Ramial Chipped Wood (RCW) is a low-emission soil amendment made from small branches and twigs,
particularly from deciduous trees. It offers a regenerative solution for urban and peri-urban soils that are low in
organic matter. Cities can repurpose pruning waste to produce RCW locally, supporting circular economy
principles while improving soil health.

Incorporating RCW into the soil enhances soil organic carbon (SOC), leading to better structure, improved water
retention, and increased nutrient availability. When applied at recommended rates of 10-15 kg/m?, RCW also
stimulates microbial life—especially when used alongside nitrogen-fixing crops such as sweet potatoes—helping
to restore long-term soil fertility and productivity.

Unlike synthetic fertilisers, RCW contributes to emissions reduction by lowering nitrous oxide (N,O) emissions.
This makes it a valuable tool for cities seeking to reduce their carbon footprint while supporting urban

agriculture, green infrastructure, and climate resilience goals.

e
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Building on this work, NutriSoil together with EU funded program BioTrails, hosted a workshop with ten
European cities (shown in Figure 1) focused on “Urban Agriculture and Circular Solutions”. The workshop
addressed the challenges of soil degradation in urban areas and practical steps to transition toward more
circular and regenerative urban agriculture systems that enhance soil health and food security. This followed an
earlier consultation held in Barcelona with local practitioners from the urban community, waste and wastewater
management facilities, and the agricultural community. Together, these workshops created a consultative
process that captured both local and transnational perspectives, ensuring the recommendations in this policy
brief reflect a wide range of urban agriculture realities.

Figure I: Cities that participated in the NutriSoil cities and stakeholders’ Workshops include: Athens and Thessaloniki
(Greece), Padova (Italy), Rotterdam (Netherlands), Ramallah (Palestine), Glasgow (Scotland), Barcelona, Granollers and
Viladecans (Spain), Greater Manchester (UK)

How healthier soils benefit Europe

Food Security and Circularity

By using shorter, local supply chains, cities can lessen their dependency on agricultural imports and increase
their ability to feed themselves during times of disruption. In addition, local biowaste-to-soil initiatives play a
critical role in closing nutrient loops, restoring fertility, and enabling sustainable food production within city

boundaries and surrounding peri-urban areas.

These practices strengthen urban resilience by reducing vulnerability to shocks in global food supply chains—
whether due to climate change, geopolitical instability, or market volatility. Scaling up regenerative urban
agriculture also reduces pressure on distant ecosystems by shortening supply chains and minimising land
conversion and biodiversity loss elsewhere. By aligning local soil regeneration with circular resource flows, cities
contribute directly to the European Green Deal’s goals of climate neutrality, sustainable food systems, and
pollution reduction.

Biodiversity and Climate Resilience

Healthy urban soils support over 25% of global biodiversity, sustaining pollinators and microorganisms
essential for ecosystem function—especially in fragmented urban landscapes [12]. Cities with intact vegetation
cover consistently show higher species richness, while biodiversity declines rapidly when vegetation cover drops
below 10% [12]. Soils filter pollutants before they reach water bodies or become airborne. Restoring
contaminated or compacted soils in industrial and roadside zones can reduce particulate matter, heavy metals,
and nitrogen runoff, leading to cleaner rivers and improved public health [13]

Restoring soil health also reduces climate-related risks. Soils support vegetation that shades and cools urban
environments: just a 10% increase in green space can reduce surface runoff by 5-6% and lower local
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temperatures by 0.6°C [14]. Greening 35% of urban surfaces across the EU could generate net benefits of €364
billion through reduced cooling costs and €221 billion from mitigating the urban heat island effect [14].

Finally, healthy soils act as carbon sinks. Regenerative practices such as composting, cover cropping, and
reduced tillage enhance carbon sequestration, supporting cities’ progress toward climate neutrality [34].

Call out Box: Compost: A Sustainable Solution for Urban Soil Health in Europe

Composting urban organic waste is a sustainable method for improving soil health and reducing waste. By
enriching soil with compost, cities can increase soil organic matter (SOM), enhance soil structure, water
retention, and nutrient cycling, while supporting healthy soil microbiota for long-term fertility. Compost has
been shown to increase SOM by up to 2.5% in degraded soils within just 12 months, significantly improving
nutrient retention and supporting robust plant growth.

In addition to enhancing sail fertility through improved nutrient availability and microbial activity,
composting offers important climate benefits. By improving nitrogen cycling in soils, compost reduces
emissions of ammonia (NH3) and nitrous oxide (N,O) compared to synthetic fertilisers. Scaling up
composting in urban areas also enables cities to divert 20-30% of organic waste from landfills, reducing
methane emissions from waste disposal while advancing circular economy goals.

Cities should prioritise composting initiatives not only as a waste management solution but as a regenerative
practice that strengthens soil health, supports local food systems, and contributes to emissions reductions
and climate resilience.

Quick Wins (0-2 years)

e Launch an education campaign to build public understanding of composting and soil health.

e Pilot composting projects (e.g., Bokashi, pruning) and publicly share results to build trust.

2. Invest in local composting infrastructure to reduce transport costs and retain quality.

3. Support farmers and local actors with technical assistance roles and targeted subsidies.

e Establish shared electric woodchippers for local pruning waste and coordinate access to regenerative
farming machinery to support farmers.

e Make the economic case— calculate how much the city can save by composting rather than
incinerating.

e Create interdepartmental platforms for coordination between waste, planning, water, and agriculture.

e Leverage EU/national support: toolkits for compost monitoring, public engagement, and land contracts.

e Utilize a "polluter pays” approach—such as variable-rate pricing for poor waste separation—to increase
accountability and incentivise better sorting.

e Train municipal staff for smart, clean waste collection prioritising compost quality.

e Consult with farmers on input quality and designate farmers as priority recipients of compost in
municipal contracts with waste processors.

e Invest in decentralized composting facilities near farming areas to reduce emissions, create jobs, and
offer flexibility to meet local needs.

Call out Box: Rotterdam’s Approach — Bokashi for Living Soils

Rotterdam is piloting an innovative approach to soil revitalisation through the use of Bokashi—a fermented
organic soil amendment made from municipal leaf litter, primeval rock granulate, and regenerative
microorganisms. This anaerobic fermentation process takes 8—10 weeks and produces a nutrient-rich material
that stimulates microbial activity and enhances soil structure.

Early results from pilot sites such as Vroesenpark show a marked increase in soil life and up to 3 cm of humus
formation per year in treated areas.

This initiative is embedded in a broader urban strategy linking soil health to biodiversity, climate resilience, and
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circular economy objectives. Rotterdam’s model illustrates the potential of low-cost, decentralised soil
interventions that can be scaled across parks, community gardens, and peri-urban farms. The city supports this
work through a Knowledge Hub for experimentation and learning and a Circular Soil Depot that transforms
stored soil into a regenerative asset. Cross-departmental collaboration and a clear vision make this a strong
model for embedding soil health into urban planning.

Bokashi also has potential for citizen-led composting. It can be produced in small kitchen containers and applied
to gardens or balcony plants. The resulting liquid acts as a powerful fertiliser, while the solid residue can be
buried to improve soil. Platforms such as the now-retired ShareWaste once connected households with compost
needs to those with surplus. Incentives—such as discounts on locally grown regenerative produce—could help
scale citizen participation, reinforcing circular systems at both municipal and household levels.

Mid-Term Reforms (2-5 years)

e Redefine "waste” as a resource to unlock investment in composting and organic input markets, without
requiring major legislative overhaul.

e Amend public-private contracts to support the flexible, safe use of food waste, pruning residues, and
treated water for soil regeneration.

e Incentivise short, transparent food supply chains (e.g. through procurement, CSA models, or local
certification schemes).

4. Offer financial incentives to urban and peri-urban farmers adopting sustainable practices such as
compost use, ramial chipped wood (RCW), and low-emission methods.

e Explore options to direct a share of local revenues—such as tourist taxes—toward farmers and land
stewards who implement regenerative practices.

e Promote regenerative land use through zoning reform and landowner incentive schemes.

5. Support longer-term land rental arrangements that reward soil stewardship. Where possible contracts
should include soil quality clauses and tenure security in contracts.

e Integrate soil and biodiversity zones into all new developments and ensure land use compatibility in
high-pressure zones. Leverage sustainable building standards (e.g. LEED, BREEAM, WELL) to mainstream
these practices.

6. Deploy digital tools to trace compost quality, monitor nutrient flows, and assess emissions reductions
from organic inputs.

e Launch municipal education and mentorship programs to support intergenerational knowledge transfer
and innovation in regenerative farming.

e Advance EU and national alignment: revise nitrogen rules to support organic fertilisation and
standardise protocols for soil and water quality monitoring.

e Establish cross-departmental coordination mechanisms to align policies across urban planning,
agriculture, and waste management.

Structural Shifts by 2030

e Achieving long-term soil and climate resilience requires coordinated reforms across local, national, and
EU levels:

e Embed soil health into urban planning through regenerative zoning, scenario planning, and mandatory
green infrastructure in all new developments and major renovations.

e Establish clear legal pathways to enable the temporary productive use of vacant urban land—for
composting, food production, or habitat regeneration—especially in dense or transitional areas.

e Adopt integrated circular resource management plans that connect food, waste, and water systems,
closing local nutrient loops and reducing reliance on external inputs.

e Institutionalise multi-stakeholder governance platforms that align planning, agriculture, and waste
sectors, with strong community representation to ensure local needs shape decision-making.

7. Consolidate equitable financing mechanisms, including grants, subsidies, and partnerships that
prioritise small-scale regenerative producers, building on earlier fiscal incentives and local revenue
schemes.
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8. Invest in innovation and monitoring infrastructure, including regional labs, digital tools, and nutrient
recovery technologies to track compost quality, soil health, and emissions reduction.

e Create harmonised legal frameworks at national and EU level for the safe, traceable recovery and reuse
of nutrients from organic waste.

e Align compost and organic input regulations with local soil types and cropping systems to ensure
coherence between EU standards and local application.

9. Streamline municipal permitting, reporting, and quality control systems to reduce barriers for
regenerative urban agriculture and promote compliance with circular economy objectives.

To fully realise these actions, stronger policy alignment and coordination are essential. The wide-ranging
benefits of healthy soils—spanning food security, biodiversity, climate resilience, and public health—are
increasingly recognised in EU frameworks such as the Soil Strategy for 2030, the Soil Monitoring and Resilience
Directive, and the Nature Restoration Law. However, fragmented governance—especially across waste,
agriculture, and urban planning—continues to slow the uptake of circular soil solutions.

Cities must align local strategies with these EU policies while tailoring implementation to local conditions such
as soil types, nutrient composition, and farmer needs. Establishing interdisciplinary soil health committees can
help identify co-benefits, integrate policies across sectors, and support inclusive governance. Closing this
implementation gap—particularly in peri-urban zones, where the potential for nutrient recovery is high—will be
critical to advancing EU objectives and building more resilient, circular urban systems.

Conclusion

As European cities transition toward more circular models of agriculture and waste management, urban soils
emerge as a strategic asset for climate resilience and food security. By turning biowaste into a regenerative
resource, cities can improve soil health, reduce waste, support local food production, and strengthen their
capacity to adapt to climate impacts.

Realising this potential requires bridging policy gaps, investing in local infrastructure, and engaging a wide
range of stakeholders—from waste managers to urban planners and community growers. The risks of inaction
are significant: continued soil degradation, rising dependence on imports, and missed opportunities to meet EU
climate and biodiversity targets. Now is the time for cities to embed soil regeneration into their strategies and
policies—restoring resilience from the ground up.
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The Thessaloniki Food Policy concerns the nutritional policy of the Municipality of Thessaloniki. The
policy was drawn up in a participatory manner by the Nutrition Policy Council of the Municipality of
Thessaloniki, within the framework of the Food Trails project and in collaboration with local bodies
and experts from a multitude of scientific fields active in the field of nutrition.

The nutrition policy lays the framework and foundations for the implementation of a broader
interdisciplinary and participatory strategy in the field of nutrition, which focuses on and utilizes the
geographical, historical, social, cultural, and other local specificities of Thessaloniki.

In D4.4 of the BIOTRAILS program ‘Developing capabilities for cities to reduce their biodiversity
impacts (B)' the Resilient Cities Network will present an analysis of Thessaloniki's Food Pact by
applying the three-scope framework to assess its impact on biodiversity.

The analysis of the Thessaloniki Food Pact is designed to test and validate our three-scope
methodology. This comprehensive approach assesses the impact of urban food policies on
biodiversity across three distinct levels. By applying this methodology to the Thessaloniki Food Pact,
we aim to gain a deeper understanding of how local food production, procurement practices, and
consumption patterns influence biodiversity at different scales. This analysis not only provides
valuable insights into the effectiveness of the Food Pact but also helps refine our methodology for
broader application in other urban contexts.

Scope 1 will examine direct impacts within the city, such as local food production and urban
agriculture initiatives. Scope 2 will analyse indirect impacts, like the city's food procurement policies
and their influence on regional farming practices. In addition, Scope 2 will connect the solid waste
systems, water supply, sewer system connected to urban agriculture activities or similar activities.
Scope 3 will assess broader, systemic impacts, including Thessaloniki's food-related demands on
global biodiversity through supply chains.

Policy Axis 1: Food Production and Consumption

Policy Axis 1 of the Thessaloniki Food Pact has a significant impact on biodiversity, focusing on the
production and consumption of food within the city. European policies, such as the One Health
(European Commission, n.d.) and Farm to Fork(European Union 2020) strategies, aim to shorten food
supply chains by reconnecting urban consumers with peri-urban rural producers. This approach
promotes local food systems, which have the potential to enhance biodiversity through
environmentally-friendly production practices, and reduce C02 emissions by shortening the food
transport distance.

It is important to note that local production methods are not inherently more environmentally
friendly than export-oriented production (Enthoven and Van Den Broeck 2021). Food systems
contribute about 26% to global GHG emissions, and, within food systems, GHG emissions linked to
transport merely represent 6%. Conversely, the farm stage represents 61% of food systems’ GHG
emissions, for example the production methods, feed origin, and storage/growth methods
(greenhouse or refrigeration) (Enthoven and Van Den Broeck 2021). Often, more efficient food
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production achieved abroad (i. e. in-season cultivation in favourable environmental conditions)
offsets the impact of international transport required to import food that could be produced locally
off-season (Enthoven and Van Den Broeck 2021) (Brodt et al., 2013; Carlsson-Kanyama et al., 2003;
Hospido et al., 2009).

Within the urban context (Scope 1), the Thessaloniki Food Policy Pact includes proposals such as
promoting and expanding urban and peri-urban agriculture through initiatives like vegetable
gardens, planted roofs, and edible parks to increase urban greenery. These initiatives can contribute
to climate neutrality, mitigate the urban heat island effect, and aid climate change adaptation.
However, as mentioned above these benefits are reliant on the method of production. Additionally,
the Food Policy Pact emphasizes integrating sustainable and local production elements into the
Municipality's food procurement policies, which supports practices that are less harmful to urban
ecosystems, conserves native species, and reduces the ecological footprint of food consumption.
These combined efforts — if managed carefully — can create habitats for urban wildlife, enhance
pollinator populations, and contribute to the overall biodiversity of urban ecosystems.

In the peri-urban areas (Scope 2), the suggested actions by the Food Policy Pact include supporting
local producers to become competitive and sustainable through mapping, networking, and
cooperation. This effort not only strengthens the local economy but can also enhance biodiversity by
promoting agricultural diversity and preserving the genetic material of local plant varieties.

Policy Axis 2: Healthy diet, eating habits, dietary peculiarities and eating disorders

This policy axis focuses on the nutrition of school children. While the primary emphasis is on
improving dietary habits for health benefits.

It is important to note here that local food, particularly fruits, vegetables, meat, and dairy products, is
often considered fresh and minimally processed, making it a healthier option due to the absence of
added sugars, excess sodium, and unhealthy fats. Overall, food processing is a very broad spectrum
that ranges from basic technologies like freezing or milling, to the incorporation of additives that
promote shelf stability or increase palatability(Harvard University 2023). As a general rule,
emphasizing unprocessed or minimally processed foods in the daily diet is optimal. However, the
quality of food depends more on the time since harvest and the type of processing it undergoes
(Harvard University 2023). Therefore, supply chain characteristics play a more significant role in
determining food quality than the proximity between producer and consumer. For instance, canned
and frozen vegetables and fruits can be just as nutritious as fresh produce and are often more cost-
effective for meeting daily recommendations(Miller and Knudson 2014).

Additionally, imported agricultural products must meet stringent food safety and quality standards,
especially within the EU. These standards are less prevalent in local food systems, particularly in short
food supply chains such as in urban areas, where food safety and quality rely more on the trust
between producers and consumers. Moreover, international food trade can enhance the nutritional
diversity of the food supply, particularly in regions where local agro-ecological conditions do not
support year-round, diverse food production (Enthoven and Van Den Broeck 2021).

Finally, not all healthy foods are beneficial for biodiversity. For example, the high demand for
avocados has led to deforestation and loss of biodiversity in Michoacan—Mexico's biggest avocado
growing region (Arima et al. 2022). Therefore, promoting a balanced approach that considers both
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nutritional value of local products and environmental impact is crucial.
Policy Axis 3: Tackling Food Loss and Waste and Social Nutrition Interventions

Policy Axis 3 of the Thessaloniki Food Pact addresses the significant issue of food loss and waste,
which is a prevalent problem in modern Western societies. In the EU, over 58 million tonnes of food
waste (131 kg/inhabitant) are generated annually, and approximately 54% of that waste arsis from the
household level (United Nations Environment Programme 2024). Implementing policies to reduce
food loss and waste can mitigate these negative consequences by ensuring better resource
management and providing surplus food to economically disadvantaged citizens. Because it is very
difficult to track which land was used to produce the food being wasted, these impacts are listed
under Scope 3 (global). However, it is important to note that food waste also has significant Scope 2
(peri-urban) impacts, as waste that ends up in landfills can negatively affect local water, land, and air
quality. In the United States alone food waste makes up the largest single category of waste reaching
landfills, accounting for 24 percent of all landfills (United States Environmental Protection Agency,
n.d.).

The major source of pollution from open dumpsites and landfills is leachate. Leachates constitute a
variety of pollutants due to the diverse nature of waste dumped and also the age of the
dumpsites/landfills(Rajoo et al. 2020). It can cause the severe pollution of groundwater and other
bodies of water, as well as leading to soil degradation. This in turn harms vegetation, aquatic
organisms and humans by polluting drinking water and irrigation for agriculture (Rajoo et al. 2020).

Reducing food waste has significant implications for biodiversity. Food production consumes vast
amounts of land, water, and other resources. When food is wasted, these resources are also wasted,
often resulting in habitat destruction due to land-use changes like deforestation. This loss of natural
habitats directly contributes to the decline in biodiversity..

The four actions proposed (below) all have similar impacts on biodiversity.
Four policy proposals from the Pact:
e Tackling food waste by utilizing leftovers from the Thessaloniki Central Market and street
markets
e Tackling food waste by leveraging foodservice and hospitality industry surpluses
e Tackling food loss by harnessing the surplus production of peri-urban rural producers
e Linking and strengthening ration projects and supply chain planning for the utilization of food
waste and surpluses
Policy Axis 4: Planning and promotion of the city's culinary identity
This policy axis is focused on the promotion and awareness of the city and its culinary identity.
Because most of the activities are focused on promoting the city’s history, culture, and culinary
identity there is little relation to the improvement of biodiversity.

Policy Axis 5: Cross-Cutting Policy Proposals

Policy Axis 5 of the Thessaloniki Food Pact focuses on integrating sustainability principles across
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various aspects of urban nutrition policy. It highlights the concept of sustainable nutrition and
resilient food systems, emphasizing the triple dimensions of sustainability: environmental, social, and
economic. These principles should be promoted among citizens of all age groups and incorporated
into the practices of local agencies and stakeholders involved in food issues. Efforts to disseminate
this information include leveraging municipal clinics, involving local bodies in voluntary actions, and
publishing informative articles on a dedicated Council website and the Municipality’s official website.
Promoting sustainable nutrition practices helps build awareness and encourages community-wide
engagement in biodiversity-friendly food systems.

Within the urban context (Scope 1), the Food Policy promotes the creation of school vegetable
gardens in schoolyards and on the roofs of school buildings. These gardens contribute to climate
neutrality by increasing urban greenery and provide educational opportunities for school children to
learn about nutrition and sustainable dietary patterns. Such initiatives not only improve urban
biodiversity by creating habitats for wildlife and enhancing pollinator populations but also foster a
deeper understanding of sustainability among the younger generation.

In the peri-urban areas (Scope 2), Policy Axis 5 in the Pact suggests utilizing the hotel and catering
industry to promote meals prepared with ingredients sourced from the peri-urban countryside and
traditional recipes. This initiative can support the sustainability of small producers by creating a
market for their agricultural products and enhances the culinary experience for visitors to
Thessaloniki. By fostering a connection between urban consumers and rural producers, this approach
could strengthen local economies and contribute to biodiversity preservation by encouraging the use
of diverse, locally-sourced ingredients (Chiffoleau et al. 2019).
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ANNEX Ill: CITIES ON THE FRONTLINE SESSION

Access the information and recording here: https://resilientcitiesnetwork.org/speaker-series-2025-04-renaturing-cities/

Spotlight Session: Renaturing Cities for Biodiversity and Resilience

As part of its ongoing knowledge-sharing and engagement activities, the Resilient Cities Network hosted a
thematic webinar under the Cities on the Frontline series, contributing to the BIOTRAILS project’s dissemination
and outreach goals. The session, titled "Renaturing Cities", was held online via Zoom as part of the Speaker Series
2025 #04.

This 1-hour webinar brought together global experts and city practitioners to explore how restoring nature in
urban environments can help cities confront biodiversity loss, climate shocks, and resource scarcity. The
conversation underscored that ecosystems are not merely resources to extract, but vital living systems with which
humans are deeply interconnected.

The session featured expert insights and practical examples from cities in Latin America and Europe. Discussions
focused on integrating biodiversity into urban development through strategies such as ecological connectivity,
bioeconomy initiatives, and citizen science. Case studies highlighted localised solutions—from regenerative
agriculture and organic waste reuse to policies that close resource loops and support circular economies.

Speakers included:
e Prof. Gara Villalba, Autonomous University of Barcelona
e Maria Angélica Mejia, The Nature of Cities (TNOC), Latin America & the Caribbean
e Leon Kapetas, Resilient Cities Network (Host)

The session emphasised that "renaturing” is not just aspirational—it is essential. The insights shared will inform
BIOTRAILS' continuing work on designing biodiversity-relevant pathways for transformative urban change.
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