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Abstract

National and local authorities are promoting the restoration (re-greening) of urban areas to mitigate societal
challenges such as urban heat island effect, poor air quality or biodiversity loss. Urban re-greening is among
the implementation actions supporting targets of the European Green Deal, EU Biodiversity Strategy 2030, its
proposal for a Nature Restoration Law, and the proposal for an amendment of the Regulation on
Environmental Accounts. However, to monitor progress towards policy targets and an overall enhancement of
urban ecosystems, policy makers require regular, consistent and comparable data. The implementation of
United Nation’s System of Environmental Economic Accounting — Ecosystem Accounting (SEEA EA) on urban
ecosystems could help to track changes in ecosystems’ extent, condition, services and derived benefits.
Despite SEEA EA became a statistical standard, it has been only tested in pilot ecosystem accounting
exercises, of which very few are urban ecosystem accounts. This report presents a pilot SEEA EA urban
ecosystem account for EU-27 and EFTA Member States in 2018. It discusses challenges for the development
of urban ecosystem accounts and potential solutions. The outputs illustrate where re-greening efforts should
be applied and discusses feasibility and potential issues of targets. The report also presents key insights to
operationalise SEEA EA for urban ecosystem accounts. It provides an instructive guiding example to national
and local authorities starting to draft their own urban ecosystem accounts.
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1 Introduction

1.1 Background and policy context

The role of urban areas is gaining each time more attention from policy makers and researchers
due to their role as source and solution of current societal challenges (Wolfram & Frantzeskaki,
2016; European Commission, 2023). Their relevance has also been reflected in the Sustainable Development
Goals, with its 11™ goal (making cities inclusive, safe, resilient and sustainable) focused specifically on urban
areas. This increasing attention is justified on the environmental pressures generated by urban areas, which
are responsible for more than 70% of world’s greenhouse gas emissions and 80% of the world’s energy
consumption (UNDP, 2016). They also account for more than 53% of the world’s population (United Nations,
2023). In the case of EU, urban population accounts for a 75% of the total population, with an increase of
2% per decade (2000-2020) (United Nations, 2023), which is expected to overpass the 80% by 2050
(Eurostat, 2021). This growth in urban population has been accompanied by an extension of urban areas
equal to a 3.4% per decade (2000-2020), which is expected to continue, since additional housing and
infrastructure will be required for this increasing population (Zulian et al 2022b). Consequently, urbanisation
has become the second largest pressure on natural ecosystems (European Environment Agency, 2020), which
has triggered the need for innovative actions, research and policies to face existing and emergent societal
challenges such as climate change, biodiversity loss and environmental pollution.

Among the set of innovative actions targeting urban areas, many national and local authorities, in Europe and
beyond, are promoting the restoration (re-greening) of urban areas through solutions such as nature-based
solutions (NBS)* (UNEP-WCMC, 2022). It is expected that those re-greening actions serve to support major EU
policy priorities, especially those from the European Green Deal, the derived EU Biodiversity Strategy for
2030, and (Climate) Adaptation Strategy (Forging a climate resilient Europe). However, policy makers from
international to local levels, as well as professionals supporting them, require regular, consistent and
comparable data to monitor the state of nature and the real value of current and future restoration actions.
The implementation of the United Nation’s System of Environmental Economic Accounting -
Ecosystem Accounting (SEEA EA) on urban ecosystems could be a suitable approach to establish a
common baseline and to track changes in ecosystems’ extent, their condition and derived
services.

Recently, SEEA EA has become a standard statistical framework on ecosystem accounting. Specifically, it is a
spatially-based integrated statistical framework for compiling stocks and flows concerning all types of
ecosystems, including those of anthropogenic character, such as urban ecosystems and agroecosystems
(United Nations, 2021). Its development has been strongly supported by the European Commission, being
EUROSTAT a chair of the UN Technical Committee. As part of the EU implementation of SEEA EA, in
July 2022 the European Commission (EC) proposed an amendment of the EU Regulation on
European environmental accounts, introducing among other changes the development of ecosystem
accounts (extent, condition, services [biophysical]).

1.2 Purpose of the report

Despite SEEA EA has advanced from an exploratory statistical framework to a standard, it has been only
tested in pilot accounting exercises around the world. At the European level, advances on ecosystem
accounting have strongly relied on the project Integrated Natural Capital Accounting (INCA), which builds on
the Mapping and Assessment of Ecosystem and their Services (MAES) analytical framework and derived
works (e.g,, Vysna, et al,, 2021). INCA has been jointly developed by the Joint Research Centre, Eurostat, DG
Environment, European Environment Agency, and DG Research and Innovation. Among current pilot
accounting exercises there are very few ecosystem accounts focused on urban ecosystems (Heris et al.,
2021). Moreover, in many cases, they are focused on specific components of urban ecosystems, e.g. urban
tree accounting systems (Hanssen et al 2019), and not on the overall ecosystem.

! Nature-based solutions are solutions inspired and supported by nature, which are cost-effective, and simultaneously
provide environmental, social and economic benefits (European Commission, 2015),
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Consequently, a pilot EU accounting focused on urban ecosystem and following SEEA EA rules
might help to identify remaining issues and draw key lessons. Information provided by the urban
accounts may be relevant to support the achievement of EU policy priorities of the urban agenda.

This report presents pilot accounts on urban ecosystems for EU-27 and EFTA (Iceland, Liechtenstein,
Norway and Switzerland) Member States (MS) for the year 2018.

1.3 Related JRC research activities and report policy relevance

This study builds on previous JRC research activities (Figure 1) on urban ecosystem assessment and mapping
(from MAES), ecosystem accounting (INCA), and on the outputs of BiodiverCities (Zulian et al., 2022b),
especially on aspects related to reporting units and analysis of the ecosystem service of local climate
regulation provided by urban trees. This study was developed in parallel and in coordination with the EU-wide
methodology to map and assess ecosystem condition (Vallecillo et al., 2022) hereafter referred to as “EU-
wide methodology”), being aligned with it on aspects related to urban ecosystem extent and condition. It
further advances some discussions of the EU-wide methodology on urban ecosystems and presents pilot
accounting results.

In terms of policy priorities, this report provides insights and examples for the proposed
amendment of the EU Regulation on European environmental accounts (EU Commission 2022a)
and the proposal for a Nature Restoration Law (European Commission (2022b), especially
regarding urban targets.

Figure 1. Overview of past JRC research activities and their relation to the pilot European urban ecosystem accounting
exercise presented in this report.

MAES Urban EU Ecosystem BiodiverCities

EnRoute (2019)

Ecosystem (2016) Assessment (2020)

P - This Technical
Developing a 1st Science-Policy Interface Inclusion of Urban Focus on urban Report
urban ecosystem 1st Urban Assessment Ecosystems in a broad biodiversity, local climate “
Framework EU Assessment requlation and recreation
INCA Pilot Accounts INCA Final Report LISBETH EU-wide
(2018-2021) (2021) (2020-2022) Methodology (2022)

1st SEEA EA Urban
Ecosystem Accounts

R~ e = ourostate

Developing an accounting Final Pre-SEEA EA Framework to integrate 1st EU Framework to

framewqu and pre- EU ecosystem Accounts ecosystems accounts into develop SEEA EA condition
SEEA EA pilot ecosystem traditional economic tools accounts for all Ecosystems

accounts
Source: JRC (own elaboration)

1.4 Aim, specific objectives and structure of the report

The overall aim of this report is to advance the implementation of SEEA EA ecosystem accounts in urban
ecosystems. Specifically, this report will illustrate the value of urban accounts to inform on urban ecosystem
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extent, condition and services. It will also inform on the value of urban accounts to report progress in actions
derived from EU policies focused on urban ecosystems. This aim is fulfilled through four specific objectives:

Identification of current challenges for the implementation of urban ecosystem accounts
according to SEEA EA rules (Chapter 2).

Development of extent accounts for urban ecosystems, which includes providing potential solutions
for related challenges such as identification of suitable reporting units and definition of urban ecosystem
sub-types (Chapter 3).

Development of condition accounts for urban ecosystems based on a subset of urban condition
variables (imperviousness per inhabitant, share of tree cover, share of urban green, and air pollution)
selected in the EU-wide methodology (Chapter 4), and discussion of related challenges.

Development of ecosystem services accounts for urban ecosystems for air filtration and local
climate regulation paving the way to extended urban ecosystem service accounts (Chapter 5).

An overall conclusion is included in Chapter 6, which presents key insights, lessons and further works for
technicians and policy makers working on the development of urban ecosystem accounts.

This technical report focuses on SEEA EA ecosystem extent, ecosystem condition, and ecosystem service
biophysical flow accounts, which are adopted as part of the international statistical standard. Despite a main
purpose of ecosystem accounts is to inform on changes over time, the current pilot is focused on a specific
year, since it aims to illustrate the value of urban ecosystem accounts. SEEA EA monetary ecosystem
accounts (ecosystem services flow in monetary units, and monetary ecosystem asset) are not included in this
report.



2 Towards European urban ecosystem accounts compliant with SEEA-EA:
current challenges

Main relevant concepts
Ecosystem accounting area: is the geographical territory for which an ecosystem account is compiled.

Ecosystem assets: are contiguous spaces of a specific ecosystem type characterised by a distinct set of
biotic and abiotic components and their interactions.

Ecosystem condition: is the quality of an ecosystem measured in terms of its abiotic and biotic
characteristics.

Definitions of other relevant concepts are included in the Glossary at the end of this report.

As briefly introduced in Chapter 1, SEEA EA is a spatially-based integrated statistical framework for compiling
ecosystem accounts, per ecosystem type (United Nations, 2021). It is composed of five accounts: ecosystem
extent, ecosystem condition, ecosystem services flow in biophysical units, ecosystem services flow in
monetary units, and monetary ecosystem asset. SEEA EA also encourages the development of thematic
accounts for specific-policy relevant environmental themes such as biodiversity, climate change and urban
areas (United Nations, 2021). Thematic accounts benefit from some flexibility regarding SEEA EA rules.
Mainstreaming the use of ecosystem accounts is expected to support sectorial and cross-sectorial policy
making at national and sub-national levels (Edens et al,, 2022; La Notte & Zulian, 2021; Nel & Driver, 2015).
For example, informing on the contribution of ecosystems to the economy (Edens et al, 2022; European
Commission, 2015); or helping to compare current use of ecosystems services against sustainable references
(La Notte & Zulian, 2021). As a result of the methodological advances and policy expectations, countries such
as those from the European Union (EU) and the European Free Trade Association (EFTA) are moving from the
development of pilot and experimental exercises to the drafting of ecosystem accounting policies explicitly
adopting the SEEA EA framework (Bagstad et al., 2021). In fact, compilation of national ecosystem accounts
by EU MS might be a requirement in the near future, as planned in the proposed amending EU Regulation on
environmental economic accounts (EU Commission 2022a). Therefore, potential issues of SEEA EA need to be
solved in advance to ensure an effective legal implementation.

The objective of Chapter 2 is to identify current challenges for the implementation of urban
ecosystem accounts in Europe (EU-27 and EFTA countries) according to SEEA EA principles.
Insights and lessons collected from previous urban ecosystem accounting exercises, and gathered
from experts, are also summarised in this Chapter.

The report distinguishes between conceptual or operational challenges (see Section 2.2). Conceptual
challenges refer to the development or adjustment of theoretical definitions needed to operationalize the
implementation of urban accounts. For example, ensuring a sound integration of urban ecology concepts and
scientifically robust classifications of ecosystem types and sub-types suitable for urban ecosystems.
Operational challenges refer to practical developments or refinements needed to set up a clear procedure
for the implementation of ecosystem accounts, consistent with the theoretical framework. The identification
of challenges and lessons in Chapter 2 acts as a point of reference for the analysis of Chapter 3, 4 and 5,
where part of the challenges will be further considered. In a broad sense, the identification of challenges
is a first step towards the definition of a common approach to operationalise SEEA EA on urban
ecosystem accounts at European level.

2.1 Review of ecosystem accounting studies and experts’ workshop

The identification of challenges for the implementation of urban ecosystem accounts started from a detailed
analysis of the SEEA-EA framework (United Nations, 2021), including the chapter describing the research and
development agenda (i.e., list of topics for which further consensus and research is required). Additional
challenges were identified via a systematic literature review of grey documents and scientific papers on
ecosystem accounting. It was complemented with a synthetic review of studies focused on specific topics
relevant for urban ecosystem accounting that were considered in need of in-depth analysis. In both the
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systematic and the synthetic review, studies focused on other SEEA frameworks (e.g., SEEA-Water) or on
challenges related to the interrelation of SEEA-EA with other statistical frameworks were excluded. Studies
discussing advances on ecosystem services methods, but with no clear link to challenges of ecosystem
accounting were also excluded.

The systematic literature review was split in three steps:

1. Aninitial set of documents was retrieved from a virtual expert forum? and discussion papers of the
working groups® involved in the development of the current SEEA-EA statistical framework (United
Nations, 2021). Several of the retrieved documents were already published as peer-review papers or
technical reports, or included references to peer-review papers.

2. The retrieved documents and their relevant references were used as input data to identify other
studies on urban ecosystem accounting by making use of the online tool Connected Papers®. This
tool is based on the concepts of co-citation and bibliographic coupling, and it uses the input paper to
build a graph of papers that share references as well as co-citations in other papers. The result
identifies relevant (and recent) papers in the area of research. It helps to overcome typical issues of
systematic reviews associated with missing keywords in the search strings that could led to missing
key references. Once new relevant papers were identified, they were also used as an input in
Connected Papers. The process was repeated until no new paper was appearing.

3. Additional scientific papers were searched in Web of Science and Scopus making use of the broad
search term “ecosystem account® and limiting the studies to those written in English language. This
last step was used to double-check that relevant references were not missing.

Following the systematic review, which retrieved 79 papers (see Annex | — Table 1.1), the synthetic review
focused on two topics, in a broad perspective, in order to identify any operational or conceptual challenge:

1. Classification, description and spatial delimitation of urban ecosystems;
2. Ecological condition, integrity and health of urban ecosystems;

These topics relate to multiple conceptual challenges already identified in the systematic review. For each
topic, an initial set (group) of known valuable studies identified by the authors by expert opinion was further
expanded making use of Connected Papers, following the logic already explained above. The additional
studies identified, 26 studies (see Annex | - Table 1.2), helped to clarify challenges or provided suitable
solutions for them or permitted to derive useful reflections.

Among all the studies collected, a subset were recent pilot urban ecosystem accounting exercises from which
lessons were drawn regarding specific challenges. Those lessons do not represent final solutions, but suitable
alternatives to be considered.

To complement the identification of challenges, and the lessons from pilot studies and the synthetic review,
insights from experts were also gathered via a short workshop. First, JRC experts on other ecosystem types
were consulted and the list of urban ecosystem accounting challenges was shared with them. This initial
consultation confirmed that in most cases challenges are also relevant for accounts of other ecosystem
types. The consultation was extended to additional experts via a workshop organised during the European
Ecosystem Services Partnership Conference of 2022 (12" October 2022, Crete [Greece]). The experts involved
were asked to share in advance challenges that they had already identified or experienced. They were also
informed about the challenges retrieved in the previous steps, which were described before the beginning of
the workshop. The panel was not restricted to urban ecosystem experts. It was considered that insights and
solutions applied in other ecosystems sharing similar challenges could be valuable independently on whether
they were originally framed for urban ecosystem accounting.

2 Source: https://seea.un.org/events/virtual-expert-forum-seea-experimental-ecosystem-accounting-2020
3 Source: https://seea.un.org/content/seea-eea-revision-research-areas
4 Accessible at: https://www.connectedpapers.com
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2.2 Key challenges, lessons learned and insights from experts

22,1 Identification of key conceptual and operational challenges

The challenges identified in the literature review have been summarized in Table 1. Experts
participating to the workshop did not inform on new challenges, since those shared in advance by them
overlap with the ones from the literature. The challenges have been organized in four broad categories
related to specific issues or specific types of accounts (e.g., extent, condition). Each category includes
conceptual and operational challenges, except for the category practical bottlenecks that refer specifically to
operational issues related to technical knowledge, data limitations and data infrastructure. Only some key
references are provided per challenge together with a short description. For an exhaustive list of the
literature retrieved, please see Annex | (Table 1.1 and 1.2).

In this studt, it was not possible to test suitable solutions for all the challenges identified. Table 1 indicates
the chapter in which each challenge is discussed. Chapter 3 discusses challenges related to urban ecosystem
extent accounts. Chapter 4 and Chapter 5 discuss challenges related to accounts on ecosystem condition and
ecosystem services respectively. Those challenges that were not considered during the development of the
EU-27 and EFTA pilot urban ecosystem accounts, are further described in Chapter 6 in relation to future
research.



Table 1. Summary of conceptual (C) and operational (O) challenges identified for urban ecosystem accounts

Category Conceptual (€) and Description Further Key references
operational (O) challenges details
Urban ecosystems correspond to more than the strict artificial surfaces
that form an urban area (Vallecillo et al,, 2022). At the same time,
artificial surfaces exist also outside urban areas. SEEA EA recognises the
Distinction between urban special 'character of “rba‘.” areas by allg\(ving the Qeve!opment of . . Virtual Expert
ecosystems and artificial thematlc_ accounts. Despite thls_ recognition there is still no clear Discussed in Forum SEEA EEA.
differentiation in terms of spatial delineation of what corresponds to an Chapter 3
surfaces (C) i : . 202043, 2000b,
urban ecosystem for ecosystem accounting purposes. It is also still
necessary to differentiate for which ecosystem accounting purposes
delineation of urban ecosystems or (only) urban artificial surfaces are
required.
Urban ecosystems represent landscape mosaics not only made of
artificial surfaces but that include other multiple “natural” ecosystem
Delineation of urban types (_e.g. forests, _grasslands)_ and therefore ecqsystem assets. This _ _ Virtual Expert
ecosystems as landscape contradicts the spatial pe_rspectw_e of SEEA EA, which de_f_me_ ecosystem | Discussed in Forum SEEA EEA.
mosaics (C) assets as mutually exclusive spatial oceurrences. A reconciliation between Chapter 3 2020c, 2020,
Ecosystem extent SEEA EA rules and the urban ecology perspective of urban ecosystem as 2020m
accounts a mosaic landscape is possible via thematic accounts, but this aspect is
not clarified yet.
SEEA EA does not indicate a common set of criteria to define what an
Minimum size and other criteria urban efcosystem its_ and what is no(’;. ggffa restult, th(i _concepthrtemair:s o "
vague for accounting purposes and different countries, might apply iscussed in
to form an urban ecosystem different criteria leading to a non-harmonic delineation of urban Chapter 3 Wang et al,2019

accounting area (C)

ecosystem accounting areas. As a consequence, comparability or
exchange of data, even for policy purposes would not be possible.

Clustering of urban ecosystems
in sub-functional groups (C)

As for any other ecosystem type, urban ecosystems need to be
clustered/split in sub-functional groups (referred to as homogeneous
ecosystem areas in the EU-wide Methodology). This is recognised for
other ecosystems in the IUCN Global Ecosystem Typology (SEEA EA
reference) such as forests which are clustered by temperature and water
deficit gradient. However, it is not anticipated in the case of urban
ecosystems. A lack of clustering might lead to unfair comparisons among
urban ecosystems belonging to different sub-functional groups as well as

Remaining gap
discussed in
Chapter 6

Wang et al,,2019




Conceptual (C) and

Further

tegor . Description . Key referen
Category operational (O) challenges escriptio details ey reterences
an inadequate definition of ecosystem condition reference levels. Those
issues might have consequences when ecosystem accounts should
inform policy priorities or targets or their monitoring.
It should be possible to decompose single urban ecosystem accounting
areas representing an urban ecosystem mosaic into more detailed Explorator
Internal differentiation of single | ecosystem types. As it occurs with the general definition of urban apnal sisy
urban ecosystems in more ecosystems, and their clustering in sub-functional groups, their internal ysIS. Wang et al.,2019
. ) o . . ; developed in
detailed ecosystem types (C) differentiation in detailed ecosystem types need to be done in
oo . ; : Chapter 3
coordination among different stakeholders to permit future comparisons,
exchange of data and lessons.
of urban ecosystem assets and otential of urban Ecosystempacéountin tt; also serve I(?cal olic geeds Discussed in Forum SEEA EEA
reporting units and national vs. P L y g poricy o Chapter 3 2020e; Wang et
local policy making (O) Therefore, definition of urban .ecosystem asset§ and reporting units 22019
should be adequate for both, national and local policy scopes. !
The separation of ecosystem extent and condition accounts could become
Differentiation of ecosystem qur_red when de_lmeatlng ecosyste_m_sub—types. The latter m|ght_ _be _ Brlefly_ Virtual Expert
L defined by gradients of characteristics that correspond to condition | discussed in Forum SEEA EEA.
condition and ecosystem extent . . X .
accounts (O) variables at higher levels of aggregation. To avoid problems, such as | Chapter 2 and 2020a, 2020,
accounting artefacts, further rules might be required before full 4 2020f
ecosystem accounting implementation.
In the case of urban ecosystems, the relationship between ecosystem
condition variables and ecosystem services flows needs to be further
Ecosystem Selection of a common clarl_fled. A balance_ between the aims of ecc_)system copdmo_n and _ _
o L services accounts is needed to avoid excessive constraints in the | Discussed in . .
condition minimum set of ecosystem . o . ) : . . United Nations,
o . selection of condition variables. Selection of a suitable set of variables is | Chapter 4 and
accounts condition variables and : o ; . 2021
o constrained to the feasibility of identifying reference levels for them. For 6
reference conditions (O) . . .
anthropogenic ecosystems, optimal supply of ecosystem services (as a
consequence of optimal condition) might be a suitable approach to define
reference levels.
Condition variables to describe Urban_ecosystems, as any other anthropogenic ecosystem, are socio- _ Virtual Expert
anthropogenic ecosystems as ecological-technological systems, where humans and their technology are Briefly Forum SEEA EEA.
. . : a fundamental component. SEEA EA ecosystem condition accounts need | discussed in 20201, 2020m;
socio-ecological-technological . . !
systems (C) to be expanded in the case of urban ecosystems, and the selection of | Chapter 2, 4 Vallecillo et al.,
condition variables should go beyond ecological variables strictly related 2022
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Categor Conceptual (C) and Description Further Key references
gory operational (O) challenges P details y
to natural features.
Reference conditons for | (eI eogical gty . not fuly appicabie 10| 1M | vaiecilo et
anthropogenic ecosystems not P . g gnity y app discussed in o
: . anthropogenic ecosystems. The same holds true for the concept of 2022,
grounded on a classic rational : . Chapter 2, 4 :
o ; restoration, not commonly attached and applicable to those ecosystems. Keith et al 2019
of ecological integrity (C) ! . ; and 6
An adaptation of concepts is needed in the case of urban ecosystems.
Aggregation into a condition index is an optional step in the statistical Brief] Virtual Expert
Aggregation of ecosystem standard. SEEA EA is open in terms of the most suitable approach for the discusse)(/j in Forum SEEA EEA.
condition indicators into aggregation of ecosystem condition indicators into indices. Before full 2020l, 2020m;
S . . . Chapter 2 and ) .
synthetic indices (O) implementation common approaches should be agreed among national United Nations,
. Chapter 6
and/or local authorities. 2021
Urban ecosystems already place a great pressure (and direct and indirect
Full consideration of ecosystem | impact) on other ecosystems at regional and global level. This pressure | Remaining gap | Markandya et al.,
degradation via ecosystem should be also captured in urban ecosystem condition accounts, to better | discussed in | 2019, Wang et al.,
condition accounts (C) inform on how urban ecosystems influence ecosystem degradation Chapter 6 2019
elsewhere
Consensus in the definition of The links betwe.e.n the concept of ecosystgm capaut){ .and ecosystem _
. : extent and condition should be further considered. Specific aspects to be Briefly
ecosystem capacity and its IR . C . . . .
links with accounts of further analysed are the implications of a systemic definition of | discussed in United Nations,
s ecosystem capacity, especially regarding definition and measurement of | Chapter 5 and 2021
ecosystem extent and condition . L .
©) ecosystem degradation and the definition of optimal (reference) 6
conditions.
Besides exchange values, other complementary valuation approaches
that might also help decision making are not yet developed. This includes
. . . ) . : - Markandya et al.,
Ecosvstem Complementary valuation of the assessment of disservices and negative externalities. It might also | Remaining gap 2019. Wang et al
-COSY ecosystem services and assets, | include consideration of disparity in the access to services. The last | discussed in Lo g :
services accounts . ; . . o 2019; United
©) information might also help to inform reference condition in an urban Chapter 6

ecosystem asset, which should be representative of reference (optimal)
condition for all the humans inhabiting the asset.

Nations, 2021

Clear principles and practices
for the accounting of
intermediate ecosystem
services (0)

Recognising flows of ecosystem services between ecosystem assets,
even if they are not final services (i.e., received by an economic unit)
might help to track exchanges among assets and their dependencies. By
tracking them, the accounting system will support the development of
ecological production functions that describe linkages among ecosystem
assets in the supply of services. Therefore, establishment of clear

Remaining gap
discussed in
Chapter 6

Hein et al.,, 2019
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Category

Conceptual (C) and
operational (O) challenges

Description

Further
details

Key references

principles and practices for these intermediate accounts, even when they
are not final services, is also necessary.

Uncertainty in

Assessing and reporting

There is a lack of reflection on the need or not of reporting uncertainty

Remaining gap

Virtual Expert

ecosystem uncertainty in ecosystem There is also a lack of uncertainty estimation guidance and what is an | discussed in Forum SEEA EEA.
accounts accounts (C) acceptable level of uncertainty for the different ecosystem accounts. Chapter 6 2020i,j,k
Few illustrative pilot ecosystem | Many existing accounting pilot experiences do not fulfil rules of SEEA EA, | _.
. . o Pilot accounts
accounts, especially for some especially for some accounts such as ecosystem condition. Due to the . . .
. X . . presented in United Nations,
account types (e.g., ecosystem | novelty of the standard there is a lack of practical guidance and pilot
o . L : Chapter 34 2021
condition), and lack of practical | accounts. This is especially true also for urban ecosystem accounts. and 5
guidance (O)
Comcapuland el | o sty
complexity of ecosystem Accounts WOUid need to bep regularly u datgd therefore their. Remaining gap | Forum SEEA EEA
accounts, which makes them development will not be a one—timegeffor); ang Woula require a stron introduced in 2020n, 20200;
knowledge, time and resource pm . : ; . guire. g Chapter 6 United Nations,
; protocol in place (including quality controls) for which a specific budget
. demanding (O) L 2021
Practical allocation is needed.

bottlenecks for
national and local
implementation
and data
exchange

Lack of consensus on input
data, data quality standards,
principles and practices, and
agreed generalizable models
for accounts (O)

Input data will need to be collated and integrated from multiple sources,
which will require consensus in terms of data quality standards. There is
still lack of common principles and protocols in terms of accessibility of
input and output ecosystem accounting data as well as on agreed
generalizable models (e.g. ecosystem services models). Lack of coherence
in input data, standards, models and principles might jeopardise
comparability and exchange of information between ecosystem accounts
developed by different stakeholders.

Remaining gap
introduced in
Chapter 6

United Nations,
2021

Lack of principles and practices
for the development of spatial
data infrastructures for
ecosystem accounting that
support interoperability and
data sharing among
stakeholders (O)

A common framework for the development of spatial data infrastructures
that can easily communicate and exchange data or be shared by multiple
stakeholders will be necessary before a full implementation. It might be
especially important if as part of the scope of ecosystem accounts, data
will need to be exchange between public authorities and private
organisations such as businesses.

Remaining gap
introduced in
Chapter 6

United Nations,
2021

Source: JRC Analysis
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222 Key examples from recent urban ecosystem accounting experiences and the
synthetic review

Recent urban ecosystem accounting applications and the synthetic review provided key lessons learned on
five challenges that are summarised in the following lines. Further details can be found in Annex | - Table I.3.

Purpose of urban ecosystem accounts

Regarding the purpose of urban ecosystem accounts, Cryle et al., (2021) informed on their value beyond their
roles as satellite national ecosystem accounts. They emphasized that urban ecosystem accounts,
especially thematic, should be used as an opportunity to inform public policy related to:

— urban planning,
— urban management, and
— investment decisions.

These potential uses should therefore influence how urban ecosystem accounts are draft. In terms of
investment decisions, it was emphasized the potential roles of accounts on deciding about future
interventions such as those related to nature-based solutions. To better support the potential uses in decision
making, it was recommended to include in urban ecosystem accounts auxiliary data such as expenditure on
management and restoration of ecosystem assets, disservices derived from urban ecosystem assets and
socio-economic distribution of benefits derived from ecosystem services (i.e., local environmental justice
considerations).

Differentiation of urban ecosystem accounts, spatial delineation of accounting areas and reporting units

It is highlighted by several sources that urban ecosystem should be more than accounts referring
strictly to artificial surfaces as an ecosystem type (EFTEC 2017; ONS 2019; Grenier et al,, 2020). They
should include green and blue open spaces embedded in between patches of artificial surfaces, but also
surrounding them (i.e., periurban green and blue open spaces). To capture urban ecosystems as accurately as
possible in terms of spatial delineation, and reporting units, several options have been already applied:

— buffers around built-up areas (EFTEC, 2017 and ONS 2019);

— municipal boundaries with a constraint on population number to differentiate between urban and rural
municipalities (Heris et al., 2021)

— OECD functional urban areas, city statistical areas, metropolitan region (Cryle et al., 2021);

Clustering of urban ecosystems in sub-functional groups

For the clustering of urban ecosystems in sub-functional groups, two main alternatives have been proposed:

— Clustering based on physical composition and configuration metrics representing properties such as
compactness, centrality, complexity, porosity (Lemoine-Rodriguez et al., 2020)

— Clustering based on the above metrics plus socio-economic factors such as population density,
population, and density of infrastructure features or artefacts per person (e.g. vehicles per inhabitant)
(Schwarz 2010; Huang et al 2007).

Additionally, the EU-wide Methodology (Vallecillo et al, 2022) composition and configuration metrics and
socio-economic factors also recommends the use of geophysical characteristics (e.g. climate zones) for the
definition of clusters.

Internal differentiation of single urban ecosystems in more detailed ecosystems types

For the internal differentiation of single urban ecosystems in more detailed ecosystem types, four main
alternatives have been suggested:
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— The use of local climate zone classification (Stewart and Oke, 2009);

— The use of aggregated land cover classifications such as CORINE (Heris et al, 2021; Petersen et al,
2022);

— The development of specific urban land cover classifications based on the combination of different types
of biophysical characteristics such as buildings, surface materials, water, vegetation, and vegetation
height (Zhou et al,, 2014; Hamstead et al., 2016);

— The differentiation of urban ecosystems along an urban gradient (e.g. core area, inner area, suburban)
based on built up area density and/or population density (Dong et al., 2019).

Reference conditions for anthropogenic ecosystems not grounded on a classic rational of ecological integrity

For the identification of reference condition in urban ecosystems, urban ecosystem health was identified as a
valuable underpinning concept in the synthetic review. Ecosystem health should always include the human
dimension, and therefore, how urban ecosystem condition influences human health (Guo et al,, 2002; Guo
2003). It was also highlighted the need to consider also the social and technological dimension, when
evaluating urban ecosystem processes that might influence urban ecosystem health, and therefore condition
(Alberti et al., 2003, 2010; Meerow et al.,, 2016). To identify reference conditions for urban ecosystems, it was
suggested to rely on comparative assessments based on the current conditions of existing urban ecosystem
assets or future scenarios for them (Guo et al.,, 2002). The approach suggested is similar to the definition of
best-attainable conditions by the use of statistical approaches based on ambient distributions, as suggested
in the Annex 5.2, Table 5.9 of SEEA EA (United Nations, 2021).

2.2.3 Key insights from the expert workshop

Relevant insights gathered for eight challenges are described below. In some cases, alternatives were
proposed, illustrated with short examples. In other cases, the feedback only emphasized the relevance of
some challenges for specific accounts or methodological decisions to be considered for developing them.

Clustering of ecosystem in sub-functional groups

Experts strongly suggested to cluster ecosystem types in sub-functional groups based on agreed-
upon criteria for differentiating sub-ecosystems at national and international level (e.g., among
EU and EFTA countries). Despite works might be done independently by each responsible authority,
ensuring some level of coordination will permit the development of crosswalks at European level. They will
ensure that exchange of data is possible for ecosystem sub-types.

This clustering was considered important also in the case of anthropogenic ecosystems such as urban
ecosystems. It was stressed the relevance of comparing only urban ecosystems among those of the same
sub-functional group to avoid misleading comparisons. The clustering was also considered relevant for an
appropriate definition of reference levels.

Differentiation of ecosystem condition and ecosystem extent accounts

Two main alternatives were proposed:

— For the differentiation of ecosystem sub-types, it should be avoided the use of
characteristics (and gradients of variables representing them) that might be suitable
condition variables.

— When the above option is not possible, especially at detailed levels of ecosystem
differentiation, the use of a variable should be prioritized for the most suitable type of
account (extent or condition).
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In the case of urban ecosystems, the first alternative can be applied by prioritizing the use of auxiliary data
such as population density, which will not be suitable condition variables, for the differentiation of urban
ecosystem sub-types. The second alternative applies to the case of features such as hedgerows, tree lines
and small forested areas (sometimes referred as “landscape features”). When the spatial resolution of
available data allows it, they should be treated as sub-ecosystem types instead of using them in relation to a
condition variable (e.g. linear density of hedgerows). This rationale considers that for the accounts of some
services, such as soil retention, might be necessary to know the location of features such as hedgerows.
Therefore, mapping them as ecosystem assets (prioritizing the use in ecosystem extent accounts), when
working at detailed levels of ecosystem type differentiation, might be more helpful than accounting them in
ecosystem condition accounts. This decision does not prevent to use the same variables as condition
variables at higher levels of ecosystem type aggregation.

For the same challenge, experts also pointed out that morphological attributes, such as size and shape of
single ecosystem assets, especially at high level of ecosystem sub-type differentiation, could be valuable
condition variables. Those attributes should not be seen strictly associated to ecosystem extent accounts. For
example, size of specific ecosystem assets is considered in the index of condition (IBECO) developed by the
Norwegian Institute of Nature Research for forests (Framstad et al, 2022). In fact, size and shape of
ecosystem assets might represent condition variables for which reference levels might be identified by using
a best-attainable condition approach.

Condition variables beyond pure ecological characteristics to describe anthropogenic ecosystems

Whenever possible, it was strongly suggested to not include variables beyond the ecological
dimension in ecosystem condition accounts. However, it was also recommended to monitor and report
key auxiliary variables used in those accounts, which might not relate to the condition dimension. For
example, for urban ecosystems, variables such as ownership of green space or their accessibility, which
might inform on the equitable distribution of some services, should be monitored and reported despite they
might be considered auxiliary.

It was also recognised that there has been little reflection on the need to integrate condition
variables related to the social and technological dimensions, in the case of anthropogenic
ecosystems such as urban ecosystems and agroecosystems. It was acknowledged the potential
value of investigating this topic for anthropogenic ecosystems, which would allow a more informed
discussion and future recommendations.

Reference conditions for anthropogenic ecosystems not grounded on a classic rational of ecological integrity

It was acknowledged that in some cases underpinning concepts of ecosystem condition, such as ecological
integrity, might generate issues when applying them, since they do not fit all ecosystem types. As a result,
they are not being useful in guiding works on steps such as defining reference conditions for some
ecosystem types such as urban ecosystems. In those cases, it was suggested to use and interpret
underpinning ecosystem condition concepts in a flexible way. It was also acknowledged that future updates
of SEEA EA or their implementation in specific contexts should be more careful with the use of general
concepts that might not suit all ecosystem types.

As a general remark, for reference levels in anthropogenic ecosystems such as urban ecosystems,
the use of a best attainable approach was suggested as a default suitable approach for defining
reference levels. Best attainable conditions can be defined by sampling the values in similar ecosystem
sub-types, being an appropriate clustering of ecosystem sub-types highly relevant. It was also emphasized
that values should pass a validation assessment to ensure statistical significance of the results and to avoid
setting ecologically meaningless reference values.

Aagreqgation of ecosystem condition indicators into synthetic indices

There were doubts raised about the real ecological meaning of aggregating ecosystem condition
indicators into indices, especially regarding the development of a final single ecosystem condition
index. The development of that single index, especially the weighting of components appeared subjective. In
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some cases those weights cannot be defined based on empirical analysis and would rely on expert opinion. It
was also considered relevant to investigate the propagation of potential errors associated with the
aggregation, which somehow related to the consideration of uncertainty in ecosystem accounting.

Experts also stressed that the aggregation should be done in a different way depending on its
final purpose, including policy purposes. For example, optimal condition might (or not) need to consider
how condition influences optimal supply of ecosystem services. Including this kind of constraint will influence
the weighting of single condition indicators. Implicitly this issue is associated with how anthropocentric or
non-anthropocentric is the value perspective applied when developing the accounts. In the case of some
anthropogenic ecosystem types, such as urban ecosystems, a highly anthropogenic perspective might be
appropriate, but this might not be the case for the condition accounts of other ecosystem types. Additionally,
whether the aggregated indexes should inform single policy topics (e.g. biodiversity) or multiple topics (e.g.
biodiversity and ecosystem condition for human health) will influence what is considered optimal condition
and therefore the weighting applied to develop indices.

In terms of credibility, experts suggested that the aggregation should be considered credible and
legitimate by scientists, policy makers and when possible society (or groups representing them). This
is especially relevant in those cases, where aggregation will be based on expert opinion and not on empirical
analysis.

Assessing and reporting uncertainty in ecosystem accounts

Experts agreed on the need of considering and reporting uncertainty as part of ecosystem
accounts. It was suggested the option of exploring the applicability of the standardized
uncertainty scales used in IPCC and IPBES reports. It was also suggested to investigate more than one
methodological approach for reporting uncertainty, before agreeing and implementing a specific one.

Few illustrative pilot ecosystem accounts and lack of practical guidance

Experts emphasized the need of having a general guidance with some specific details at ecosystem level to
support the implementation of these accounts by national and local authorities. It was also stressed that
different guidance should be designed for public and private organizations. They stressed the value that
ecosystem accounting data could have as part of the reporting (e.g. sustainability reporting) of private
organizations and the importance of considering their needs also at early stages of the ecosystem
accounting implementation. Among other reasons because a common language and shared frameworks will
ensure communication and exchange of data and knowledge.

Conceptual and technical complexity of ecosystem accounts, which makes them knowledge, time and
resource demanding

Experts agreed that excessive knowledge, time and resource demand should be (and can be)
minimized by using a minimum common set of core indicators among different national
authorities and among private organisations. The minimum set can be combined with indicators that
are not shared, since are specific of the interest of few parties. Moreover, it was suggested that specific
training should be organized for private practitioners and public officers. As part of this training it would be
relevant to clearly explain to them why these accounts are relevant and the derived benefit that could derive
from them in terms of informing public and private policies.

2.3 Key messages

Considerations when implementing urban ecosystem accounts

— For accounting purposes, urban ecosystems should be differentiated from artificial surfaces, since
urban ecosystems are also formed by green and blue open spaces, including those of periurban
contexts;
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Policy purposes for urban accounts influence the delineation of ecosystem accounting areas and the
selection of reporting units;

Urban ecosystems, similarly to other ecosystem types like natural ecosystems, should be clustered
in upon agreed sub-functional groups for which reference conditions should be defined specifically;

Urban ecosystems are landscape mosaics that can be internally differentiated in further
disaggregated ecosystem sub-types;

Future research should investigate the potential added value of considering the social and
technological dimensions in urban ecosystem accounts, as auxiliary or core variables accounted.
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3 Urban Extent Ecosystem Accounts

As described in Chapter 2, some of the current SEEA EA challenges are related to ecosystem extent accounts
(see Table 1). Chapter 3 briefly discusses solutions considered for those challenges (Section 3.1 and 3.2)
considered during the development of the pilot accounts for urban ecosystems at European level (Section
3.3). As indicated in Chapter 1 (Section 1.3), this technical report is strongly related to the research activities
developed in BiodiverCities (Zulian et al, 2022b) and EU-wide Methodology (Vallecillo et al, 2022). As a
result, some challenges have been partially considered in previous reports and some analysis have been
already developed. For those cases, this report will provide brief descriptions and will refer to specific
sections in the EU-wide Methodology and BiodiverCities for further details.

3.1 Distinction and delineation of accounts for urban ecosystems and
settlements and other artificial surfaces

In terms of ecosystem type classification, this report follows the SEEA EA recommendation and uses the IUCN
Ecosystem Typology as a reference. Specifically, it follows the current recommendations of a Task force on
Ecosystem Accounting formed by EUROSTAT and statistical offices of several Member States (MS) of EU-27
and EFTA. Among other activities, the Task force is developing a guidance note on ecosystem extent accounts,
which includes an EU ecosystem typology for accounting purposes. This report makes uses of the EU
ecosystem typology of Eurostat at Level 1 (Table 2).

Table 2. EU ecosystem typology Level 1

Category | Name of ecosystem type
Settlements and other artificial areas
Cropland

Grassland (pastures, semi-natural and natural grasslands)
Forest and woodland

Heathland and shrub

Sparsely vegetated ecosystems
Inland wetlands

Rivers and canals

Lakes and reservoirs

Marine inlets and transitional waters
Coastal beaches, dunes and wetlands

Marine ecosystems (coastal waters, shelf and open ocean)
Source: Task Force Ecosystem Accounting
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Each ecosystem type corresponds to an aggregation of specific CORINE land cover classes Level 3. There are
only two land cover classes (“beaches, dunes and sand” and “bare rocks”) that can belong to more than one
ecosystem type Level 1 (categories 6 and 11 in Table 1), for which the allocation to specific ecosystem types
is done making use of additional rules. The correspondence table between specific CORINE land cover classes
and ecosystem types is included in Annex Il — Table II. 1. In Annex Il, there is also a brief description of the
additional steps applied to allocate “beaches, dunes and sand” and “bare rocks™ land cover classes to
Sparsely vegetated ecosystems or to Coastal beaches, dunes and wetlands depending on their geographical
position.

The ecosystem type “settlements and other artificial areas” refers to any artificial land cover, including
mineral extraction sites, roads or railways or landfills of any kind, independently of their relation or not to
urban areas. It also refers to any kind of built feature, independently of their urban or rural character. This

5 The procedure to allocate both land cover classes to a specific ecosystem type are still being discussed in the Task force
by the time this Technical Report is published. Therefore, the allocation rules used in this report might not represent the
final set of allocation rules proposed in the Task force.
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means that individual buildings embedded in natural ecosystems will also belong to this ecosystem type.
However, this kind of ecosystem definition does not represent urban ecosystems because:

— itincludes human artefacts of any kind;
— it accepts single artificial objects independently of the context in which they are embedded; and

— it does not include periurban green and blue open spaces that despite their non-artificial nature are
urban in character.

Similar concerns were already raised during the last SEEA EEA expert forum (Virtual Expert Forum SEEA EEA.
2020a, 2000b,) and the development of the EU-wide Methodology (Vallecillo et al., 2022). As a result, for
ecosystem accounting purposes, it cannot be assumed that the ecosystem type “settlements and other
artificial areas” represents urban ecosystems due to conceptual differences. In a broad sense, the concept
of urban ecosystem refers to the densely built and populated artificial zones that form urban
areas and the surrounding green and blue open spaces strongly related to them. According to this
conceptualisation, in an urban ecosystem built-up areas are only one of the components of a complex mosaic
formed by ecosystem types such as agroecosystems, forests and freshwater ecosystems (Maes et al,
2020a). This differentiation between urban ecosystems and “settlements and other artificial areas” is also
consistent with the lessons and insights presented in Chapter 2.

As a consequence of the above rationale, the definition of ecosystem accounting areas for
“settlements and other artificial areas” and “urban ecosystems” should follow two different
approaches, as described in detail in the EU-wide Methodology (Vallecillo et al., 2022). In the first case, a
general approach should be applied. This approach omits overlaps with other ecosystem types for what
concerns delineation of ecosystem types and their assets. It should be the preferred approach when the aim
is to develop spatially exhaustive accounts for all the ecosystems of an entire territory, such as the entire
territory of EU-27 and EFTA MS (Figure 2A). Instead, when the focus should remain specifically on urban
ecosystems, a thematic approach (i.e., urban ecosystem accounts), should be used. In this second case, the
scope of analysis is narrowed down to highly urbanised zones and their surroundings, whose extent defines
the ecosystem accounting area.

As anticipated in Chapter 2 - Section 2.2.2, recent pilots of urban ecosystem accounts have already proposed
several alternatives to define ecosystem accounting areas. Two of the alternatives proposed use population
constraints and local political boundaries to differentiate areas of rural and urban character (Heris et al.,
2021; Cryle et al, 2021). By considering local political boundaries, both alternatives are suitable for
developing thematic ecosystem accounts that among their policy uses include informing local urban policies.
For the case of EU-27 and EFTA MS, both alternatives can be translated in the definition of ecosystem
accounting areas by making use of the extent of two EU regulated territorial units:

— Local Administrative Units (LAU) classified as “cities”, “towns and suburbs” according to the Degree of
Urbanisation (Regulation (EU) 2017/2391; EUROSTAT, 2018);

— Functional Urban Areas® (FUA) (Regulation (EU) 2017/2391; EUROSTAT, 2018).

An exploratory analysis comparing both territorial units for the definition of urban ecosystem areas have
already been developed in BiodiverCities — Section 2.1 (Zulian et al., 2022b). This study shows that making
use of FUA leaves out a 20.7% of the urban population and a significant part of settlements classified as
towns and suburbs. Therefore, the use of all LAU classified as “cities”, “towns and suburbs” (hereafter urban
LAU) was considered more suitable for the definition of urban ecosystem accounting areas in Europe (Figure
2B). Annex Il — Figure 11.1 differentiate types of urban LAU in the urban ecosystem accounting area for EU-27
and EFTA MS.

6 Functional urban areas are formed by cities and their commuting zone, which might encapsulate rural areas. Both, cities
and the commuting zones are formed by single local administrative units, and therefore also defined according local
political boundaries.
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Figure 2. Ecosystem accounting areas in EU-27 and EFTA MS. A) according to the general approach, including only
Settlements and Other Artificial Areas; B) according to the thematic approach (urban ecosystem accounting areas)
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For this report, the urban ecosystem accounting area for EU-27 and EFTA MS was defined making use of the
most updated LAU dataset classified according to the Degree of Urbanisation (LAU 20207). Like in
BiodiverCities, the dataset was corrected to remove LAU misclassified as “cities” or “towns and suburbs”. The
rules applied to correct misclassified urban LAU are included in Annex II. Figure 2b represents the refined
ecosystem accounting area and simple clustering of urban LAU according to population and population
density factors (i.e,, cities above 50,000 inhabitants, cities below 50,000 inhabitants, towns and suburbs).
Section 3.3, presents the pilot urban ecosystem extent accounts using this clustering of urban LAU.

3.2 Definition of reporting units, urban ecosystem sub-types and assets
suitable for national and local policy purposes

As introduced in Chapter 2, the policy purposes of the ecosystem accounts will influence the definition of
reporting units, and in some cases the definition of ecosystem types and their assets. In EU, it is expected
that ecosystem accounts, including thematic urban ecosystem accounts, would be developed to fulfil
obligations of the proposed amendment of the EU Regulation on environmental accounts (European
Commission, 2022a). It is also expected that these accounts would be valuable to monitor the progress of MS
on targets of the proposed Nature Restoration Law (European Commission, 2022b). However, as emphasized
in few references (e.g., Cryle et al,, 2021), urban ecosystem accounts could be also a valuable tool to inform
local urban policy purposes. Hence, to maximise the value of urban ecosystem accounts for EU-27
and EFTA MS they should be developed to be suitable for local and national policy purposes.

By making use of ecosystem accounting areas that correspond to the extent of all the urban LAU in EU-27
and EFTA MS, the use of individual LAU as a minimum reporting unit are a convenient solution. LAU usually
correspond to the lowest administrative divisions within a country (EUROSTAT, 2018). In most EU and EFTA
MS, LAU correspond to municipalities or communes. Local urban policies are usually defined at the level of
municipalities or an aggregation of municipalities (e.g., metropolitan areas), making LAU a suitable reporting
unit for local policy purposes. Concurrently, outputs of ecosystem accounts at LAU level can be further
aggregated at different NUTS Level (1, 2, 3) or at national level (NUTS Level 0) in case they should serve
regional or national policy purposes. Therefore, the use of LAU as minimum reporting units permits the
development of urban ecosystem accounts suitable for national and local policy purposes.

For the subdivision of urban ecosystems in single ecosystem types or sub-types®, it becomes relevant to
ensure the interoperability between thematic urban ecosystem accounts and general national ecosystem
accounts. This will help to avoid double counting issues as well as to permit the exchange of data between
accounting systems. For example, it would permit to transfer data collected by local authorities for their
urban ecosystem accounts to spatially exhaustive national ecosystem accounts without interoperability
issues. Consequently, as one of the alternatives suggested in Cryle et al. (2021) urban ecosystems should
be subdivided in single ecosystem types by making use of the same ecosystem typology of
general national ecosystem accounts. In the case of EU-27 and EFTA MS accounts, by making use of the
EU ecosystem typology Level 1, as presented in Table 1.

The use of the EU ecosystem typology does not impede their further subdivision in sub-types that are only
relevant for thematic urban ecosystem accounts. For example, making use of specific urban land cover
classifications such as STURLA or HERCULES (Zhou et al., 2014; Hamstead et al., 2016) or sub-ecosystem
types defined through an urban gradient approach (Dong et al., 2019). In the pilot urban ecosystem extent
accounts presented in Section 3.3, CLC+ Backbone raster land cover classes®® were tested as potential
ecosystem sub-types.

7 https://ec.europa.eu/eurostat/web/gisco/geodatal/reference-data/population-distribution-demography/degurba

8 For clarity, hereafter when referring to EUROSTAT EU ecosystem types at Level 1 the term “ecosystem type” is used.

Instead, the term “ecosystem sub-type” is used when referring to a further disaggregation of ecosystems in more

detailed types.

9 https://land.copernicus.eu/pan-european/clc-plus/clc-backbone

10 CLC+ Backbone was internally validated, but external validations is still pending. For the purposes of this report, The
Environment Agency provided early access to the dataset, which is publicly accessible since January 2023
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3.3 Pilot European ecosystem extent accounts for urban ecosystems

This section presents a brief comparison between extent accounts for urban ecosystems, i.e., thematic
approach, and settlements and other artificial surfaces, ie., general approach (Section 3.3.1). It further
describes extent accounts for urban ecosystems regarding their distribution in different types of urban LAU
(i.e., cities above 50,000 inhabitants (CC), cities below 50,000 inhabitants (C), and towns and suburbs (T)) and
internal differentiation in ecosystem types (EU Ecosystem Typology Level 1) and sub-types (CLC+Backbone
land cover classes). This further description together with the results of condition accounts (Section 4) would
help to understand the results of services accounts (Chapter 5), and therefore, the interrelation between
accounts.

3.3.1 Comparison between extent accounts for settlements and other artificial areas
and urban ecosystem accounts
Ecosystem extent accounts for “Settlements and other artificial areas” and urban ecosystems aggregated at

country level (NUTS Level O) are presented in Table 3 and 4, respectively. Figure 3 summarises the share of
Settlements and other artificial areas in MS, and the amount of it present in urban ecosystems.

Figure 3. Percentage of the ecosystem type Settlement and Other Artificial Areas with respect to the overall land of each
MS in 2018. Per each MS, it is indicated the amount of area of this ecosystem type that belong to urban LAU, i.e., inside
urban ecosystem accounting areas. Values are sorted from smallest to largest percentage.

Settlement and Other Artificial Areas
30%

25%
20%
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10%
505 EU-27 & EFTA: 3% Urban + 1% Rural

IS FI NO SE EE IE LV EL ES LT SI HR PT BG IT AT FR HU PL RO SK CH CZ DK CY DE LU LI NL BE MT
B Urban =Rural — UrbanEU-27 & EFTA  --- Rural EU-27 & EFTA

Source: JRC analysis

As visualised in Figure 3, and further detailed in Table 3 (Overall column) and Table 4 (Settlements column),
the overall share of Settlement and other artificial areas, as well as its urban share, varies greatly among
MS. In most MS, except Liechtenstein (LI), Netherlands (NL), Belgium (BE) and Malta (MT), Settlement and
other artificial areas represent less than the 10% of the entire territory. When considering only urban
Settlement and other artificial areas, the value goes below 7%. Regarding the share of urban Settlement and
other artificial areas, in cases such as Romania (RO), Greece (EL) or Estonia (EE) it represents less than a 40%
of the total extent of this ecosystem type. In other cases, such as Malta (MT), Netherlands (NL), Italy (IT) or
Spain (ES), it corresponds to more than a 60% of the total extent of this ecosystem type. These results
clearly illustrate that urban ecosystems do not represent well the entire extent of Settlement and
other artificial areas in many MS, since a great part of it occurs beyond urban LAU. Moreover,
urban Settlement and other artificial areas usually represent a tiny fraction of their entire territory of MS,
which does not justify a detailed attention to urban dynamics as part of general ecosystem accounts
including all ecosystem types. Therefore, a good understanding of urban ecosystem extent and their changes,
but also of Settlement and other artificial areas, including those of rural character, would require the use of
thematic and general accounting approaches respectively.
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Table 3. Ecosystem extent of the ecosystem type Settlement and Other Artificial Areas (general approach) in each MS for
the year 2018. Values are provided by type of local administrative unit (cities above 50,000 inhabitants, cities below
50,000 inhabitants, towns and suburbs, rural) and as overall values. Values are rounded to the first decimal digit and

provided in km? and percentage. Values in percentage refer to how much land inside cities, towns and suburbs and rural
LAU corresponds to Settlement and Other Artificial Areas. MS are sorted in alphabetical order.

Settlement and Other Artificial Areas
Cities =2 50,000 | Cities < 50,000 Towns and

inhabitants inhabitants Suburbs AIE e

km? % km? % km? % km? % km? %
AT 500.9 54% - - 15070 | 15% | 29524 4% 4960.3 6%
BE 8217 60% 308.4 58% 38704 | 27% | 14079 10% 6408.4 21%
BG 1150.7 10% - - 1675.8 5% 24959 4% 53224 5%
CH 226.4 49% 2805 26% 15674 | 14% 737.0 3% 28114 7%
CY 96.9 67% 1251 39% 126.8 25% 502.7 6% 8515 9%

Ccz 831.0 41% 34.6 33% 14928 15% | 2895.6 4% 5254.0 7%

DE 83120 | 44% 4470 32% | 14506.8 | 13% | 10350.1 5% 33615.8 9%

DK 486.7 24% 204.2 61% 11899 10% 1678.1 6% 3558.8 8%

EE 1701 45% - - 194.6 6% 632.1 2% 996.8 2%

EL 447.1 45% 204.3 59% 903.8 13% | 26917 2% 4246.9 3%

ES 35658 | 15% 302.0 27% 5078.3 5% 3937.3 1% 128834 3%

Fl 9725 9% 6.0 98% 1562.2 4% 21383 1% 4679.0 1%
FR 25187 | 66% | 31670 | 57% 99809 | 21% | 171471 3% 32816.7 6%
HR 3354 27% - - 652.3 8% 11232 2% 21109 4%
HU 10254 | 27% 206 39% 1865.7 9% 3069.9 4% 5981.7 6%
IE 1151 80% 409.4 30% 297.7 9% 855.6 1% 16779 2%
IS 54.2 22% 238 15% 80.6 10% 2284 0.2% 387.0 0.4%
IT 32678 | 19% 606.6 42% 8564.5 9% 4048.6 2% 16487.5 5%
LI - - - - 212 13% - - 212 13%
LT 422.3 52% - - 350.9 4% 14345 3% 22076 3%
LU 294 56% - - 119.7 23% 1234 6% 2725 10%
LV 286.6 58% - - 2838 5% 753.9 1% 13243 2%
MT - - 36.1 72% 52.3 23% 37 9% 921 29%

NL 21715 | 35% 2421 33% 24480 12% 561.3 6% 54230 15%

NO 336.9 14% 20.0 14% 1336.1 3% 11350 0.4% 2828.0 1%

PL 36184 | 47% 101 77% 5316.0 11% | 103433 4% 19287.8 6%

PT 89.6 61% 9523 31% 1320.7 12% 1285.0 2% 3647.6 4%
RO 1189.1 | 32% - - 25228 9% 9504.1 5% 13216.0 6%
SE 1366.9 8% 67.1 40% 2746.2 3% 25499 1% 6730.1 1%
Sl 1027 24% - - 254.6 6% 350.8 2% 708.1 3%

SK 1889 33% 136.7 31% 783.7 12% 1862.8 5% 29721 6%

EU 340832 | 25% 7279.6 43% 69668.2 9% 86699.2 3% 1977332 4%

EU &

EFTA 347007 | 25% 76039 41% 726735 9% 88799.6 2% 2037808 4%

Source: JRC analysis
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Table 4. Thematic urban ecosystem extent in each MS for the year 2018. Values are provided in km2, Values are rounded
to whole numbers and MS are sorted in alphabetical order.

Ecosystem Type *

1 2 3 4 5 6 7 8 9 10 | 11 |12

2 = = ) 0

c L) - k] o8 % (@] 4] += o

E| B 8|25 =) 5| 8|2 s || %

t | 5| 2 | €8 5| 2| 2 || ¢| 5| 8|5

3 S o) 2= £ & = = 8 = 8 | =
AT | 2007 | 2714 | 1059 | 4257 | 197 | 336 | 23 | 75 | 153 0 0o | o
BE 5000 7702 1377 1781 125 3 28 52 87 46 15 6
BG | 2826 | 21825 | 3267 | 15862 | 150 | 259 | 66 | 179 | 314 0 13 | 6
CH | 2074 | 3276 | 1548 | 4010 | 229 | 1050 | 27 | 29 | 889 0 0o | o
CY 348 461 16 18 104 5 04 0 4 0 10 4
Ccz 2358 5257 898 3230 0 0 8 21 99 0 0 0
DE | 23266 | 45032 | 20895 | 36386 | 336 | 134 | 280 | 450 | 1123 | 91 | 41 | 10
DK 1881 9600 269 1618 96 2 182 0 161 22 77 70
EE | 365 | 814 | 306 | 1909 1 1 207 | 5 37 0 3 | 8

IR
a1
o1
g
~
[ERN

EL | 1555 3683 459 1115 914 169 15 27 35
ES | 8946 | 68576 | 10140 | 22856 | 10752 | 2830 96 219 490 144 773 | 174

Fl 2541 6636 7 33292 0 4 851 95 5342 0 34 | 296
FR | 15670 | 19543 4923 11772 1558 649 231 393 343 309 417 | 50
HR 988 3751 684 3609 157 66 27 62 53 0 4 51
HU | 2912 | 14139 2553 4216 0 7 227 175 389 0 0 0
IE 822 819 2471 292 130 15 255 9 9 33 19 7
IS 159 1 142 48 544 200 82 4 7 14 4 6
IT | 12439 | 73413 2651 18363 | 3261 2158 115 221 736 300 291 | 226
LI 21 27 28 70 2 9 2 2 0 0 0 0
LT 773 5053 849 3724 3 3 74 21 161 1 4 1
LU 149 152 85 190 0 0 0 1 0 0 0 0
LV 570 1752 747 2999 0 34 259 57 158 0 5 3
MT 88 135 0 2 37 5 0 0 0 0 0 5
NL | 4862 9189 7480 2514 304 21 321 409 | 2168 12 48 5

NO | 1693 4508 150 20493 6043 | 15369 | 2316 95 1913 22 26 | 550

PL | 8945 | 23104 4581 19050 27 30 141 225 | 1009 2 5 9
PT | 2363 6353 423 4474 529 22 9 58 43 78 223 | 26
RO | 3712 | 14199 3564 10135 118 69 113 376 274 0 3 7
SE | 4180 | 19415 1121 65741 9 173 2269 | 172 | 11030 67 48 | 392
SI 357 1254 316 2927 24 30 2 13 11 0 7 1
SK | 1109 3505 339 2582 6 4 5 37 74 0 0 0
EU | 111034 | 368074 | 71480 274912 | 18837 7027 5805 | 3350 | 24302 | 1120 | 2096 |1426
Ell:JTi 114981 | 375885 | 73347 299532 | 25655 | 23655 8232 | 3480 | 27112 | 1156 | 2125 |1983

* Complete names of ecosystem types 1 = Settlement and Other Artificial Areas; 2 = Cropland; 3 = Grassland; 4 = Forest
and Woodland; 5 = Heathland and Shrubland; 6. = Sparsely Vegetated Ecosystems; 7. = Inland Wetlands; 8 = Rivers and
Channels; 9 = Lakes and Reservoirs; 10 = Marine Inlets and Transitional Waters; 11 = Coastal Beaches, Dunes and
Wetlands; 12 = Marine.

Source: JRC analysis

Despite urban Settlement and other artificial areas (Figure 3), and in a minor extent urban ecosystems as a
whole (Figure 4a), represent a small fraction of EU-27 and EFTA MS’ territory, they are still a key
environmental theme. As Figure 4b illustrates, in all cases at least a 50% of the population lives in urban
ecosystems, being all the households located in Settlement and other artificial areas. Cases such as Iceland
(1S) are very illustrative because urban LAU represent less than a 2% of its territory, but more than an 80%
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of its population. This clearly justifies thematic accounts on urban ecosystem in terms of extent, condition,
and services supplied, demanded, and their potential mismatch.

Figure 4. Distribution of urban and rural local administrative units (LAUs) per EU-27 and EFTA MS in 2018. Distribution
based on share of their territory (A) and on share of their inhabitants (inh.) (B).
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3.3.2 Urban ecosystem accounts per type of urban local administrative unit, and their
differentiation in ecosystem types and sub-types

Regarding the distribution of different types of urban LAU, Figure 4 shows that towns and suburbs are
relevant in terms of area and total population covered. This can also be easily grasped in a spatially explicit
way in Figure 2b. For all the MS, they represent more than 50% of the area covered by all types of urban
LAU, and in most they also cover more than 50% of the population present in urban LAU. Cities above 50,000
inhabitants represent in most countries the second type of urban LAU in terms of area (Figure 4a), being the
exceptions Iceland (1S), Ireland (IE), Cyprus (CY), Slovakia (SK), Portugal (PO), Switzerland (CH), and Malta (CH).
In general, cities above 50,000 inhabitants also covered, together with towns and suburbs, most of the
population in urban LAU, being still the exceptions Ireland, Portugal and Malta. Hence, in general terms, EU
policies targeting an overall enhancement of urban ecosystem condition and ecosystem potential
to deliver services at national level should not disregard towns and suburbs and cities above
50,000 inhabitants, due to the large amount of area and population covered by them.

In terms of the composition of urban ecosystems, Figure 5 shows that in more than half of the MS Cropland
is the largest ecosystem type, in a third part of them Forest and woodland is the largest, and only in Ireland
(IE) and Iceland (IS) Heathland and shrubland and Grassland are the largest ecosystem type. These numbers
showcase how relevant are Cropland and Forest and woodland for the condition of urban ecosystems and the
local supply of services. As Figure 6a showcases this is especially relevant in the case of towns and suburbs,
where Croplands can occupy easily around a 50% of the whole urban ecosystem, such as it occurs for Spain
(ES), Italy (IT) or Hungary (HU). It is anyway, relevant for all the other types of urban LAU, where Forest and
woodland or Cropland form at least a 20% of their area. In general terms, this means that EU policies
looking to enhance the overall condition and capacity of urban ecosystem should not only target
urban Settlements and other artificial areas, but also other ecosystem types. As highlighted above
some of them make a great extent of urban ecosystems or, like Rivers, are key for their functioning.

With respect to the share of Settlements and other artificial areas in urban ecosystems, Figure 5 shows that
in some MS States it is not even the third largest ecosystem type. Especially relevant is the case of
Scandinavian countries (Finland, Sweden and Norway), where Settlements and other artificial areas form less
than a 6% of urban ecosystems. In those cases, besides differences in the typical urban ecosystem structure,
usually quite green, this low values illustrate potential issues associated with the size of LAU. Compared to
countries such as France or Italy, Scandinavian countries organise their territory in larger municipalities. This
issue might make less suitable the use of LAU for the definition of urban ecosystem accounting areas. It
might be particularly relevant if policy targets relate to the entire accounting areas without applying an
additional filtering.

When looking at the distribution of Settlements and other artificial areas by type of urban LAU, Figure 6
showcases some unexpected results. As it can be expected, towns and suburbs are the type of urban LAU
with the lowest percentage of Settlements and other artificial areas this ecosystem in all MS. Instead, in
some MS, cities below 50,000 inhabitants are more artificial than more populated cities. This is
the case of MS such as Spain (ES), Italy (IT), Poland (PL) or Denmark (DK). This output might look as an
artefact of the aggregation of land cover classes in ecosystem types. However, this is not the case. When
looking at Figure 7 and 8, where ecosystem types are differentiated in sub-types represented by
CLC+Backbone land cover classes, this interpretation remain consistent. Figure 7 clearly showcases that at
European level Settlements and other artificial areas in cities above and below 50,000 inhabitants have a
very similar land cover composition. Figure 8 also shows that the fraction of sealed surfaces in urban
Settlements and other artificial areas for MS such as Spain, Italy, Poland and Denmark remain quite similar.
This means that the outputs of Figure 6 are not an artefact of the spatial aggregation of EU ecosystem types
Level 1. Results such as those of Figure 6 could be used as an early signal to control changes in ecosystem
extent for cities below 50,000 inhabitants that lead to an increase in artificial areas, and an associated
potential diminishment in ecosystem condition and supply of services.

A more detailed look to urban ecosystem sub-types (Figure 7) shows that at European level natural
features in urban Settlements and other artificial areas are mainly represented by broadleaved
deciduous trees (~10-15%) and permanent herbaceous (~20-25%). In Croplands, besides periodically
herbaceous, it is also significant the amount of broadleaved trees, especially deciduous, which cover around a
15% of this ecosystem type. These results showcase the relevance that deciduous trees and permanent
herbaceous have in urban ecosystems.
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At MS (Figure 8), a similar dominance of ecosystem sub-types is kept. There are few exceptions such as
Finland and Southern MS. In Finnish Settlements and other artificial areas, the share of woody-needle leaved
trees is similar to (or higher than) the one of broadleaved deciduous trees. In Southern countries (i.e., Spain
(ES), Portugal (PT), Italy (IT), Greece (EL), Cyprus (CY) and Malta (MT)), Settlements and other artificial areas
have a share of woody vegetation below 5%. For most of those countries, a low presence of woody
vegetation, compared to the European average, is also occurring in other ecosystem types such as Grassland
or Forest and Woodland. These commonalities might be partially explained by geographical or climatic
factors, and should be considered when defining urban greening policy targets.

As a last insight, related to practical bottlenecks for implementation (as presented in Table 1), Table 4, Figure
5 and 7 illustrate the importance of rules for data quality standards. Table 4 and Figure 5 present a small
share of Marine ecosystems in MS with access to sea. However, the administrative units of urban LAU in EU
and EFTA MS do not overpass the coastline. Then, in this case Marine ecosystem extent is an artefact
generated due to the spatial accuracy of the official LAU datasets and the spatial resolution of CORINE
dataset, the basis for the definition of ecosystem types. Similarly, in Figure 7 Marine ecosystems include
classes beyond water. This is because CORINE cells used to delineate Marine ecosystems due to the
resolution included more than Marine ecosystems, and this is reflected when further dividing those
ecosystem types in sub-types. On purpose, to illustrate these issues, refinement was not applied to the data
presented in Table 4 and Figure 5 and 7. Because of their very low value those data issues do not influence
the interpretation of results presented. This example clearly illustrates that without agreed rules for data
quality standards, including input data refinements, errors such as the above ones could end appearing in
mandatory ecosystem accounts. It also justifies the importance that training schemes, guidance notes and
illustrative pilots would have for professionals in charge of ecosystem accounts.

Figure 5. Percentage of EU ecosystem types Level 1 in the urban ecosystems of each MS (MS) in 2018. MS are sorted
from smallest to largest percentage of Settlements and Other Artificial Areas.
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Figure 6. Percentage of ecosystem type extent in MS aggregated by type of urban local administrative units (LAUs) in 2018. LAUs are split in three groups (CC = cities above 50,000
inhabitants, C = cities below 50,000 inhabitants, T = towns and suburbs). MS are sorted from minimum to maximum normalised values of settlements and other artificial areas.
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Figure 6b. Percentage of ecosystem type extent in MS (MS) aggregated by type of urban local administrative units (LAUs) in 2018. LAUs are split in three groups (CC = cities above 50,000
inhabitants, C = cities below 50,000 inhabitants, T = towns and suburbs). MS are sorted from minimum to maximum normalised values of settlements and other artificial areas.
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Figure 7. Percentage of CLC+ classes per ecosystem type aggregated by type urban local administrative units (LAUs) for
the entire EU-27 and EFTA MS in 2018. LAUs are split in three groups (CC = cities above 50,000 inhabitants, C = cities
below 50,000 inhabitants, T = towns and suburbs).
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Figure 8. Percentage of CLC+ classes in Settlements and Other Artificial Surfaces (a), Forest and Wooodlands (b) and Grassland (c) aggregated by type urban local administrative units
(LAUs) in each MS in 2018. LAUs are split in three groups (CC = cities above 50,000 inhabitants, C = cities below 50,000 inhabitants, T = towns and suburbs. MS are sorted from minimum
to maximum percentage of sealed land cover in Settlements and Other Artificial Surfaces.
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3.4 Key Messages

Learnt lessons on urban ecosystem extent accounts

The definition of ecosystem accounting areas for settlements and other artificial areas and urban
ecosystems should follow two different approaches (general and thematic);

The use of local administrative units (LAU) as minimum reporting units permits the development of
urban ecosystem accounts suitable for national and local policy purposes;

To ensure interoperability between accounts, thematic urban ecosystem accounts should make use
of the same ecosystem typology used in general national ecosystem accounts;

EU policies looking to enhance the overall condition of urban ecosystems should not only target
actions for urban Settlements, since on average in EU-27 and EFTA MS make less than a 50% of the
extent of cities and towns;

At EU-27 and EFTA level, natural features in urban Settlements are mainly formed by broadleaved
deciduous trees (~15% of its extent) and permanent herbaceous (~15-25% of its extent).
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4 Urban Ecosystem Condition Accounts

A reference condition is a condition against which past, present and future ecosystem condition is
compared to, in order to measure relative changes over time. It represents the condition of an ecosystem that
is used for setting the upper reference level (‘optimal’ endpoint) of ecosystem condition variables.

Ecosystem integrity implies an unimpaired condition of being complete or undivided (Karr, 1993).
Ecosystem integrity is defined as the ecosystem’s capacity to maintain its characteristic composition,
structure, functioning and self-organisation over time within a natural range of variability (Pimentel et al.,
2000; United Nations, 2021).

Definitions of other relevant concepts are included in the Glossary at the end of this report.

As introduced in Chapter 2 and recognized in the most recent urban ecology paradigms, ecology of cities and
ecology for cities, urban ecosystems are truly socio-ecological-technological systems (McPherson et al., 2016,
Picket et al., 2016). This generates certain challenges, as mentioned in Table 1 (Chapter 2), when developing
SEEA EA ecosystem condition accounts, which are defined to suit especially non-anthropogenic ecosystems.
Chapter 4 briefly discusses potential solutions (or adjustments in SEEA EA rules) for some of those
challenges. It briefly discusses the use of condition variables beyond pure ecological ones and approaches to
define reference conditions in urban ecosystems. It introduces the selection of a minimum set of condition
variables for urban ecosystems, and develops a pilot condition account for a subset of them:

— imperviousness per inhabitant (and share of imperviousness),
— share of tree canopy cover,

— share of green spaces (and green spaces per inhabitant),

— air pollutant concentration (PM10 and PM2.5).

As reminded in Chapter 3, this technical report is strongly related to previous and parallel research activities.
In the case of Chapter 4, activities were developed in coordination with the EU-wide Methodology (Vallecillo
et al, 2022), where a minimum set of condition variables for urban ecosystems was already presented. This
Chapter briefly introduces the minimum set, but it mainly focuses on the subset for which pilot accounts are
developed. For further details about the minimum set of urban condition variables, Chapter 4 refers to
specific sections of the EU-wide Methodology. Hence, Chapter 4 briefly discusses potential solutions for
challenges related to urban condition accounts (Section 4.1), introduces a minimum set of condition variables
(Section 4.2), and presents pilot condition accounts for a subset of them (Section 4.3).

4.1 Urban ecosystem condition variables beyond the ecological dimension,
approaches and methods to estimate their reference conditions

As socio-ecological-technological systems, besides the ecological dimension, the social and
technological dimensions are also relevant in urban ecosystems (EImgvist et al, 2018). This means
that humans and their processes/functions, including those related to artificial structures and processes (e.g.
human mobility, waste generation), should also be monitored to fully understand urban ecosystem dynamics,
how they influence ecosystem condition, services supply and demand. Hence, in the case of urban
ecosystems, the conceptualisation of ecosystem condition should include the following adaptations:

— Leaving aside a classical understanding of ecological integrity. In urban ecosystems, pristine (unimpaired)
states or absence of human modifications should not be associated with optimal ecological integrity,
neither should represent a valid reference of ecosystem condition.

— Ecological integrity, resilience and health, concepts underpinning urban ecosystem condition, should
integrate humans as a core component. Urban ecosystems are anthropogenic ecosystems where humans
are a dominant component (Alberti et al, 2003; Alberti 2010), aspect that should be reflected in the
monitoring and assessment of urban ecosystem condition.

— Optimal urban ecosystem health and resilience requires capacity to satisfy societal demand
for ecosystem services as well as to guarantee its long-term ecosystem capacity. This implies
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that monitoring urban ecosystem condition should inform on how biotic and abiotic variables, including
human and technology related variables, influence ecosystem resilience and health of the urban
ecosystem itself and of others onto which it depends. In other words, urban ecosystems are global
ecological forcing functions (Alberti et al, 2003), i.e., they deeply influence condition of ecosystems
located beyond urban boundaries, and cannot sustain their functions based only on their own ecosystem
capacity. Consequently, when monitoring urban ecosystem condition, changes on local (urban ecosystem)
and global (elsewhere) ecosystem resilience and health should be considered. Therefore, as important
as to consider how urban ecosystem condition influences supply of local ecosystem services
would be to consider how it influences demand of ecosystem services produced in the urban
ecosystem or elsewhere.

Suitable social and technology-related variables for ecosystem condition accounts should
represent attributes or processes that influence ecological integrity, resilience and health of
urban ecosystems. Variables from the social and technological dimensions should be included because in
socio-ecological-technological systems the different dimensions are strongly interrelated. However, the main
purpose of urban ecosystem condition accounts is still to monitor changes in ecological conditions.
Consequently, monitoring of ecological conditions requires consideration of attributes, processes or functions
beyond the ecological dimension, but which influence it. As mentioned in Chapter 2 - Section 2.2.3, the
identification of suitable social and technology-related variables for urban ecosystem condition accounts still
require further investigation.

Regarding the definition of reference conditions in urban ecosystems, in Chapter 2 best-attainable approach
was already suggested as a default suitable approach in the literature (Section 2.2.2) and by experts (Section
2.2.3). According to SEEA EA (Annex 5.2), best-attainable condition is the expected condition of a socio-
ecological stable ecosystem under best possible management practices (United Nations, 2021). A best-
attainable condition as a reference condition can be estimated through four methods (United Nations, 2021):

— Modelled reference conditions,

— Statistical approaches based on ambient distributions,
— Prescribed levels,

— Expert opinion.

As mentioned in Section 2.2.2, Guo et al. (2002) suggested to assess urban ecosystem health making use of
comparative assessments between existing independent urban ecosystems and/or potential future scenarios
for them. In this context, scenarios mean a represented future reality (of an existing urban ecosystem) to
inform whether current actions (e.g., restoration activities) would help to achieve possible and desirable
futures (Godet 2001). In other words, Guo et al. (2002) suggests a combined (or alternative) use of modelled
reference conditions and statistical approaches based on ambient distributions for estimating a reference
urban ecosystem health, and therefore, a reference condition.

In the EU-wide Methodology (Vallecillo et al., 2022), expert opinion is also suggested in combination with the
above two methods (Section 4.1.3). The combined use of expert opinion and modelled conditions could be
relevant for corroborating potential desirable scenarios. For example, lungman et al. (2023) modelled urban
ecosystem scenarios where tree cover increased up to a 30%. This threshold was previously defined on an
evidence-based guideline that strongly relied on expert opinion (Knoijnendijk, 2022). The EU-wide
Methodology also suggested the use of prescribed levels for condition variables for which environmental
laws, guidelines or standards already exist. For example, in the case of air pollutant concentration (PM10 and
PM2.5) as a condition variable, the Air Quality Directive!! already dictates legal thresholds based on scientific
evidence. Those can be used as prescribed levels to define reference conditions. Therefore, depending on
the specific condition variables for which reference condition should be estimated one of the
above methods or a combination of several of them might be more or less suitable.

11 The European Commission has proposed a revision of the Air Quality Directive which is better aligned with the stricter
thresholds proposed on the most recent World Health Organisation’s guideline on the topic (WHO 2021)
(https://environment.ec.europa.eu/publications/revision-eu-ambient-air-quality-legislation_en).
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As urban ecosystem condition is highly influenced by the human component, and their perception, it may vary
across different geographic regions and cultures (Ryder, 2000). As discussed in Chapter 2, it is necessary to
split urban ecosystems in sub-functional groups, for which specific reference conditions should be defined.
The EU-wide Methodology (Vallecillo et al,, 2022), in Section 4.1.3 points to the need of classifying urban
ecosystems into clusters of “homogenous urban areas” to ensure that operational meaningful reference
levels could be defined. Among the characteristics suggested to define clusters, the use of population and
population density (to define discrete classes of urban ecosystems) was mentioned. In fact, as anticipated in
Section 3.1, by classifying individual LAU according to the Degree of Urbanisation, this report already clusters
(in simple terms) urban ecosystems based on their population and population density. Therefore, the
physical and socio-economic characteristics of urban ecosystems, including human perception,
influences the definition of reference levels, which should be specific for each sub-functional group.

4.2 Selection of a set of condition variables for urban ecosystems

A set of condition variables for urban ecosystem condition accounts'? at European level was already
presented in the EU-wide Methodology (Vallecillo et al., 2022). This set is a result of the parallel research
activities of the EU-wide Methodology and the ones presented in this report. For simplicity, Table 5 briefly
summarises the set of condition variables included in the EU-wide methodology, and it highlights the subset
for which pilot urban ecosystem condition accounts are developed in this report (Section 4.3). Annex Il -
Table Il1.1 includes a brief description of each condition variable.

In this report there are three updates on the set of condition variables presented in the EU-wide
methodology.

The definition of ‘green spaces’ has been updated, making it more specific regarding its components, the
ownership and built-up character of the land where these spaces occur. Additionally, the definition of green
spaces is not associated anymore to CORINE land cover classes. These changes clarify better what is (and
what is not) an urban green space in condition accounts. It also avoids operational constraints by not linking
its definition to land use classes of a specific dataset (CORINE). In the updated definition, urban green
spaces correspond to any piece of urban land covered with mosses and lichens, permanent herbs,
shrubs, or trees. Urban green spaces can be of public, semi-private, or private ownership and be present in
land of different built-up character (e.g. ground open space, building rooftop, building facade). Additionally, to
facilitate the monitoring of urban green spaces, a definition of their specific land cover components (e.g.,
herbs, shrubs) has been prepared, and the type of green spaces in which they can be present enumerated
(see Annex Il - Table 111.2). For the same purpose, a descriptive list of common types of urban green spaces
as land use classes has been drafted (see Annex Il - Table 111.3). In terms of policy uses, the above updates
and clarifications should facilitate the reporting of green spaces to measure the progress towards urban
targets of the proposed Nature Restoration Law.

When the EU-wide Methodology was published, one of the preferred data sources (CLC+) for the condition
variables “green spaces per inhabitants” and “patch richness of land cover types” was still not available, being
classified as “Type: Coming Soon”. This data source became recently available, and it has been reclassified as
“Type: Optimal”. In fact, this source has been used for the calculation of the sub-set of pilot condition
accounts presented in Section 4.3. In addition, Table 5 only refers to condition variables relevant for the
thematic approach (thematic urban ecosystem accounts), whilst EU-wide Methodology referred to both the
thematic and general approach.

12 The set of condition variables follow the structure of the Ecosystem Condition Typology of the SEEA EA. For details
about this typology, please consult Vallecillo et al. (2022) or United Nations (2021).
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Table 5. Set of condition variables proposed in the EU-wide methodology for urban ecosystem condition accounts of EU-27 and EFTA MS. The subset of variables included in the pilot urban
ecosystem condition account are shaded in green, only values for 2018 are used. The temporal series available refer to the availability for that source.

Condition Variable Units Source of the variable at Tempor_al series Spatial Resolution Typet?
Typology EU level available
2006-2012-2018
Imperviousness per Copernicus HRL Land + é%%%e_%?fgg% 10 m (Copernicus HRL);
inhabitant (share of ha/inhabitant ~ GEOSTAT population grid (or (GEOSTAT); 1 km (GEOSTAT); Optimal
imperviousness) GHS pop) 1975-1990-2000-2015 250 m (GHS pop)
(GHS pop)
14
Al. Physical Waste generated per kg waste/ Eurostat™ (env_wasmun, 2000-2020 Complementary (very
; ; ; : env_wasgen, env_wassd, . Country X
state inhabitant inhabitant (annual data collection) coarse spatial scale)
env_wasflow, env_wastrt)
Normalised Difference : . 1982 to date ,

Moisture Index (NDMI) Dimensionless LANDSAT (freq. 16 days) 30m Optimal
. Complementary (not
. . . Urba_n agglomeranc_)ns 2012-2017 (every 5 . full EU coverage, no

Noise pollution exposure  Inhabitants (Environmental Noise Urban agglomeration . .
Directive) years) consistent reporting
unit)
EMEP 2000-2018 (from EMEP 01°
A2. Chemical Air pollutants modelled data updated )
' S taetneuca concentration (NO, PMx, ug/m? CAMS 2018 (CAMS expected to 01° Optimal / Modelled
03, SO, CO) be updated regularly) '
Annual AQ statistics from 2003-2022 Ground monitoring points

13 Optimal data: spatially explicit data covering the full EU territory, frequently and regularly collected/measured and made available in a timely manner; Modelled data: variables
derived from modelling to provide spatially explicit and regular time series at the EU level;, Complementary data: data that does not match some of the conditions of optimal data;
Data gap: condition variable for which there is no data available for the entire EU territory and which is not expected to be developed soon.

14 The online data codes included correspond to Eurostat datasets currently available from where waste generated per capita, and related specific waste variables per capita, can be
calculated. Variable options related to specific waste categories, materials, treatments and management operations despite the data is available at national level is not presented to

avoid overcomplications. Further analysis might identify necessary calculation by specific waste-related categories.
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Condition Variable Uniits Source of the variable at Tempor.al series Spatial Resolution Typets
Typology EU level available
European Environment Agency  (Annual AQ Statistics)
Soil organic carbon stock kg C/ha Blogeochgm@ al models and - - Data gap
soil monitoring databases
Heavy metals in soll Ha/g Soil databases (e.g. LUCAS) - - Data gap
Autochthonous woody Number of
X X X i - - - Data gap
vegetation species species (traits)
B1. Urban bird species Number of
L. . . - - - Data gap
Compositional richness species
state

Pressure by invasive

Complementary

: . Dimensionless JRC-EASIN No 10 km (currently no time
alien species 4
series)
Greenness - annual max .. . 1982 to date ,
NDVI Dimensionless LANDSAT (freq. 16 days) 30m Optimal
i Ozéﬁ canopy % HRL Land 2012-2015-2018 10 m Optimal
B2. | .
Structura Share of green spaces % or LANDSAT 1982 to date 30m Optlmal
state and/or green spaces per . . (freq. 16 days)
. . ha/inhabitant -
inhabitant CLC+ 2018 10 m Optimal
Semi-natural and natural Riparian Zones Copernicus &
riparian % P . P 2012-2018 05ha&10m Optimal
Copernicus HRL Land
land cover
B3. Functional s
state Plant evapotranspiration mm/d PML V2 model 2002-2020 500 m Modelled
Integrity of the green % Copernicus HRL Land 2006-2012-2018 10m Optimal
network
Fragmentation of the 0 . .
C1. Landscape green network % Copernicus HRL Land 2006-2012-2018 10m Coming soon
and seascape Riparian Zones Copernicus
Riparian fragmentation meters Land & Copernicus HRL Land 2012-2018 05ha&10m Coming soon
Patch richness or Dimensionless CLC (or CLCH+) 1990-2000 - 2006-2012- 100 m (CLC); Optimal
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Condition Variable Uniits Source of the variable at Tempor.al series Spatial Resolution Typets
Typology EU level available
Shannon diversity index 2018 (CLC); 10 m (CLC+)
of land cover types 2018 (CLC+)

Source: Modified from the EU-wide Methodology (Vallecillo et al., 2022)
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4.3 A pilot urban ecosystem condition account

The subset of variables included in this pilot were selected because they might help to inform current EU law
proposals, test the added value of technology-related variables, and illustrate connections between condition
and services accounts. Regarding law proposals, for two condition variables (share of green spaces and tree
cover) there are urban targets in the proposed Nature Restoration Law. Share of imperviousness, green
spaces and atmospheric concentration of particulate matter are also included as condition variables in the
proposed amendment of the Regulation on environmental accounts. Imperviousness also represents a
technology-related attribute, which influences the supply of local ecosystem services (e.g., water infiltration,
local climate regulation). Imperviousness per capita might inform how urban ecosystems influence ecological
resilience and health of other ecosystems in which it depends. Finally, the four condition variables included in
this report are related to air purification and or local climate regulation as ecosystem services, which are
included in the pilot of urban ecosystem services accounts (Chapter 5).

4.3.1 Share of imperviousness and imperviousness per inhabitant

Imperviousness condition accounting values for urban ecosystems aggregated at country level are visualised
in Table 6. In terms of the overall share of imperviousness and imperviousness of urban Settlements and
other artificial areas, Malta (MT) is the MS with the highest share of imperviousness (59.9%), which is much
higher than average values at EU-27 and EU-27 and EFTA levels (25% and 25.8%). However, Malta is also the
MS with the lowest imperviousness per inhabitant, also much lower than values at EU-27 and EU-27 and
EFTA levels. From one side, this means that urban ecosystems in Malta might have reduced in a greater
extent their local natural water infiltration capacity and their local climate regulation capacity compared to
other MS. From the other side, it also means that urban ecosystems in Malta, compared to those of other MS,
seem to be more efficient in terms of sealed surface per inhabitant. This implies that a lesser amount of the
urban ecosystem is artificial per inhabitant. It also implies that urban ecosystems in Malta might have had a
more efficient consumption of artificial built-up materials (e.g., concrete) per inhabitant. This means that they
might have required a lower demand of raw materials and land (from urban ecosystems and elsewhere) per
each inhabitant compared to urban ecosystems in other MS. This case clearly illustrates a situation where
urban local ecosystem capacity for some services (e.g. water infiltration) seems more hampered compared to
other countries, whilst urban demand for other services (e.g. provisioning of inorganic materials) seems more
efficient.

From Table 6, it also stands out that urban Coastal beaches, dunes and wetlands have a very low share of
imperviousness (0.1% at EU-27 and EU-27 and EFTA levels). It seems to be an artefact of how ecosystem
types are delineated, because when the share of imperviousness is very high, the land use is usually classified
as an artificial land uses classes, which are allocated to Settlements and other artificial areas. This means
that the level of imperviousness in these areas cannot be interpreted as a relevant driver in the condition
when monitoring environmental health of Coastal beaches, dunes and wetlands. For example, the proposed
amendment of the Regulation on environmental accounts includes as a mandatory condition variable “the
share of artificial impervious area cover, present in coastal areas that includes ecosystem type coastal
beaches, dunes and wetlands”. Depending on how this share is measured, values might be informative or not.
If the share of imperviousness is measured only in the ecosystem type Coastal beaches, dunes and wetlands
the values will not be informative. Instead, if the estimation extends to other ecosystem types present in the
“coastal area” the value will be informative, providing information on urban sprawl in coastal areas. However,
in that case what is understood as “coastal area” compared to “coastal beaches, dunes and wetlands” should
be defined. As a third alternative, the ecosystem types Coastal beaches, dunes and wetlands and Settlements
and other artificial areas should be defined differently, i.e., not mainly based on land use class allocation, to
better capture artificial encroaching in coastal areas.

An analysis of imperviousness per type of urban LAU (Figure 9), show larger differences among MS than
among types of urban LAU inside each MS. In other words, there are not evident commonalities among the
same type of urban LAU in different MS. This implies that, at least for this variable, type of urban LAU as
single characteristic might not be enough to split urban ecosystems in homogeneous clusters. This is
especially evident for the share of imperviousness in urban Settlements and other artificial areas (Figure 9a),
where values for different types of urban LAU are very similar in many MS. However, when looking at
imperviousness per inhabitant, a different output emerges (Figure 9c). In that case, cities above 50,000
inhabitants in different MS share a great similarity. Most of them have an approximate range value of 100 to
150 m? of impervious land per inhabitant. For cities below 50,000 inhabitants and for towns and suburbs, this
similarity across MS is not maintained.
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A spatial analysis of imperviousness at LAU level illustrates that a great part of urban LAU in Southern and
Western Europe (i.e., Spain, Italy, France, north of Belgium, Netherlands, Luxembourg, France, and Malta) have
a higher share of imperviousness than the rest (Figure 10a). These pattern is not maintained when values are
analysed as imperviousness per inhabitant (Figure 10b). Only most of the West of Poland (PL), Slovakia (SK)
and Romania (RO) maintain a low imperviousness per inhabitant and a low share of imperviousness.

Table 6. Average imperviousness per ecosystem type (in percentage) and overall imperviousness (in percentage and in m?
of land surface per inhabitant) in urban local administrative units of EU-27 and EFTA MS in 2018. Values are rounded to
the first decimal digit and MS are sorted in alphabetical order.

Ecosystem Type *
1 2 3 4 5 6 7 8 9 10 11 12
% 1=
2 = 2 g o s £
@ 5 2 42 £ 2 8 2 L o « S =
IS = © (o] (1] o) =R = — % = _
< A = — (3 o3 [= © () = = <
[5) =) [72) n o = (5] n — +— c © c C
s [=3 2] o O = = = o % [5) - 17 = o W e
B 8| & 88| §| 2| Z |25 2 B 8| Bl 2|88
S - —
%) (5] & L T %) S o 34 = o = @) 6L

AT |327% 35% | 1.7% [09% | 0% | 0% 01% 18% | 08% 0% | 0% | 0% 78% 156.0
BE [33.7%36% | 30% 12% | 18% | 0% |02% |23% | 0.6% |04% | 02%| 0% 12.8% 2105
BG |22.8%|06% | 03% 01%| 0% |01% |01% 03% 04% | 0% | 0.1% 0.1% 16% 1384
CH |375% 4.3% 08% [0.8%| 0% | 0% 01% 09%| 18% 0% | 0% | 0% 78% 1466
CY |325% 28%  0.7% |1.6% 0.6% 05% 0% K 0% | 02% 0% 02% | 28% | |142% 2017
CZ [36.6%|25% | 1.2% [08%| 0% | 0% | 0% |04% | 03% | 0% | 0% | 0% 92% 1623
DE [450% 24% | 35% [11% | 01% 0% |0.1% 0.6% | 05% |0.1% 0% | 0.1% 97% 1896
DK 136.7%|31% | 1.3% 16%| 0% | 0% |[18% 0%  13% |0.3% 0.6% 27% 6.1% 2429
EE [242%31% | 18% [ 12%| 0% | 0% |0.4% 11%  03% | 0% |0.1%  3.4% 30% 1328
EL |39.3%  3.8% 0.6% [0.6% 05% 04% 0% | 0% | 0% | 0% | 0.3% 2.8% 92% 1036
ES [465% 36% | 34% 0.7% | 1.0% | 02% |0.1% | 0.3% | 0.1% |0.5% | 0.6% | 0.8% 42% 1346
FI. 1249%|13%| 0% |08%| 0% | 0% | 0% 04% 02% | 0% | 0.1%  0.9% 17% 2264
FR [40.9% 38% | 20% ' 14% | 04% 0% |0.1% | 11%  05% |0.4%  0.2%  0.3% | |140% 188.2
HR 130.5%|19%  0.7% 04%| 01% | 0% |0.3% 05% 03% | 0% | 0.6% 2.1% 42% 1557
HU 128.0% 1.1% 1.0% [03%| 0% | 0% 0.2% 02%| 04% 0% | 0% | 0% 41% 1517
IE [352%23% | 21% [0.7% | 01% 0% |0.3% 06%| 0% |27% 04%| 14% 6.6% 1378
IS [27.6%|02%  1.0% 04%| 03% | 0% [ 02% 0% | 0% |0.7% 0% | 3.8% 40% 1823
IT [458%|52% | 05% 0.7% | 01% | 0.1% | 0% |0.3% | 0.1% | 0% |05%  0.9% 69% 1604
LI 130.1% 25%| 0.8% 08%| 0% | 0% [ 02%|29% | 0% | 0% | 0% | 0% 51% 2254
LT 123.7%|27%| 1.0% [05% | 06% | 0% |0.1%  0.6% 02% |15% 0% | 0.2% 22% 1486
LU [457% 25% | 31% [11%| 0% | 0% | 0% |19% | 0% | 0% | 0% | 0% 13.7% 196.7
LV [212%|23%| 14% 08%| 0% | 0% |02% 1.8%  03% | 0% |0.1%  0.3% 23% 1263
MT 160.8% 83% 6 0% | 0% | 11% | 0% H 0% | 0% | 0% | 0% |13%  11.2%| |214% 1350
NL [455%  6.6%  3.3% [19%  03% 0% |06% 18%| 1.3% 02% 0.1%| 02% | |10.6% 183.7
NO [28.8%1.8% | 01% 0.3% | 0.1% | 0.1% |0.1% |0.6% | 0.1% |12% | 0% | 4.4% 12% 1881
PL |127.3%22%  14% [0.8% | 0% | 0% [0.1% 03% 03% | 0% | 0% | 0.1% 53% 1242
PT |42.0%  84% 07% [32% 07% | 0% | 0% 03% | 01% 05% 05% | 04% | |100% 196.7
RO |259%  1.0% 0.8% [0.3% | 0% |0.1% 04% 11% | 03% | 0% | 0.1% 0.1% 38% 106.0
SE [253% 14% | 14% [06%| 0% | 0% |0.1% 05% | 01% |04%  0.1% | 1.3% 14% 186.8
Sl [36.9%28% | 1.2% 03%| 0% | 0% | 0% |1.0%  0.6% | 0% |0.3%  1.2% 38% 1650
SK 131.2% 19% | 04% 03%| 0% | 0% | 0% |06% 03% | 0% | 0% | 0% 57% 1400
EU ]40.8%  38% | 19% | 11%| 0.3% |0.1% 0.1% 0.7% 0.4% | 0.2%  0.2% 0.5% 60% 1654
EU &
EFTA

40.5% | 3.8%  1.8% |11%  0.3% | 01% 01% 0.7%  0.4% | 0.2% 0.2%  0.5% 58% 1653

* Complete names of ecosystem types 1 = Settlement and Other Artificial Areas; 2 = Cropland; 3 = Grassland; 4 = Forest and Woodland; 5
= Heathland and Shrubland; 6. = Sparsely Vegetated Ecosystems; 7. = Inland Wetlands; 8 = Rivers and Channels; 9 = Lakes and
Reservoirs; 10 = Marine Inlets and Transitional Waters; 11 = Coastal Beaches, Dunes and Wetlands; 12 = Marine.

** Values corrected to avoid accounting incoherencies result of limitations in the spatial resolution of the input data used for the
delimitation of ecosystem types.

Source: JRC analysis.
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Figure 9. Average imperviousness of EU-27 and EFTA MS aggregated by type of urban local administrative units (LAUs) in 2018. a) Average percentage of imperviousness in urban
Settlements and Other Artificial Areas; b) Overall average percentage of imperviousness considering the entire urban ecosystem; c) Average amount of impervious land (m2) per inhabitant
considering the entire urban ecosystem. LAUs are split in three groups (CC = cities above 50,000 inhabitants, C = cities below 50,000 inhabitants, T = towns and suburbs). MS are sorted
from minimum to maximum normalised values in settlements and other artificial areas (a).

EU-27 & EFTA: 47% CC; 48% C; 39% T
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Source: JRC analysis
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Figure 10. Map of imperviousness per urban local administrative units (LAU) of EU-27 and EFTA MS in 2018. A) Share of
imperviousness (%) of Settlements and Other Artificial Areas. B) Impervious land (m?) per inhabitant
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4,.3.2 Share of urban green and urban green per inhabitant

Values of green spaces?® for urban ecosystems aggregated at country level are visualised in Table 7. Based
on the values of Table 7, we can derive that in most Southern European countries urban Settlements and
other artificial areas have a share of urban green in between 30 and 40%, in line with the average EU-27 and
EU-27 and EFTA values (40& and 41%). When looking at those values disaggregated per type of urban LAU
(Figure 11a), the pattern is maintained, but also cities and towns and suburbs of many other MS show a
similar share of green in urban Settlements and other artificial areas. Both the aggregated and disaggregated
results also show that Northern European countries (e.g. Finland, Poland, Sweden, Estonia) tend to have a
higher share of green in their urban Settlements and other artificial areas. From these results, it seems that in
part similarities and differences in the share of urban green are influenced by regional factors.

Comparing these results to those of imperviousness, also some commonalities can be seen. Malta (MT) is the
MS with the lowest share of green spaces in urban ecosystems and the one with the largest share of
imperviousness. Results for both condition variables reinforce potential reduced ecosystem potential to deliver
water infiltration and local climate regulation. Additionally, results at MS level for share of urban green and
imperviousness, despite not being a perfect inversion (i.e., high imperviousness always corresponds to low
share of green spaces), is close to it as it could be expected. On the contrary, this is not the case between
imperviousness per inhabitant and share of urban green or urban green per inhabitant.

A spatial analysis of the share of green spaces in urban Settlements and other artificial areas (Figure 12a)
seem to be also kind of a specular image of the map of share imperviousness (Figure 10a). Instead, values of
urban green spaces per inhabitant seem to be related to the types of urban LAU in Europe. Figure 11c clearly
shows that cities (above and below 50.,000 inhabitants) in most MS have less than 0.1 hectares of urban
green per inhabitant (LAU represented in red and orange in Figure 12b), while on average towns and suburbs
easily overpass this threshold.

Figure 12 suggests that values of green spaces per inhabitant, and values of overall share of green spaces in
urban ecosystems, are influenced by the size of LAU. Then, to reduce the risk of biases in policy targets linked
to these condition variables, the targets should be established relative to the LAU, or to its artificial surfaces,
and not as absolute values. For example, for urban green spaces, an option could be to make targets relative
to the extent of Settlements and other artificial areas inside urban LAU. This could be articulated as an
increase in green space equivalent to a certain percentage of the extent of urban Settlements and other
artificial areas. Another alternative could be to avoid the use of LAU as a reporting accounting unit and policy
reference unit. However, this alternative could have other drawbacks. As described in Section 3.2, in most EU-
27 and EFTA countries, LAU correspond to municipalities making them suitable reporting units for ecosystem
accounts that should also serve local policy purposes. In many European countries implementation of urban
policies, or their derived actions occur at local level, making LAU also very suitable reference units for policy
targets.

15 As indicated in Section 4.2, as urban green space is understood any piece of urban land covered with mosses and
lichens, permanent herbs, shrubs, or trees.
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Table 7. Average green spaces per ecosystem type (in percentage) and overall green spaces (in percentage and
Ha/inhabitant) in urban local administrative units of EU-27 and EFTA MS in 2018. Values are rounded to the first decimal
digit and MS are sorted in alphabetical order.

Ecosystem Type *

1 2 3 4 5 6 7 8 9 10 11 12
2 o 5o - &
[= i=} 5 Q = g XX ‘S
S 2 5 <5 5 & £ e = 2 2 ¢ | T _Z
S 8 % | 55| = ] 2 0 o3 = IQ = S ®©c
= [=% %] o O = => = o % @ e 1] = o O
g o & 59 8§ o Zz 2= % &8 & 8 2 ¢33
%) S o o = I » S 206 4 = O = 65 o6
AT |449% | 52.1% |87.7% 89.6%  94.9% 51.5% 93.0% | 0% | 0% - - - 63.0% 0.14
BE |47.9%  50.8% | 68.9% | 76.3%  82.6% | 70.4% 86.8% | 0% @ 0% |17.3% | 51.3% | 0% 524% 09

BG |55.8% 53.3% 92.2% | 97.7% 96.5% | 75.6% 88.0% 0% 0% | 0% |21.2% 0% ||66.6% 0.58

CH |38.0%  57.0% |87.8% 89.4%  95.1%  40.2% 86.9% | 0% | 0% - - - 615% 0.12
CY |30.7%  38.9% |61.9% 33.7%  76.4%  60.6% 38.1% | 0% | 0% | 0% 544% 0% |/391% 05
CZ [43.1%  40.1%  84.0%|87.7% 0% 0% |744% 0% | 0% - - - 53.0% 0.10

DE ([36.4% 34.3% | 81.3%  91.9% 93.0% 36.9% 89.2%| 0% 0% |17.8% 81.7%| 0% ||586% 0.11
DK |46.2% 45.4%  86.5% | 84.9%  96.8% | 96.7% 87.9% 0% 0% |27.2%  78.1% 0% ||46.8% 0.18
EE |53.3% 725% |88.6%  95.9% 98.9% |94.1% 875%| 0% | 0% | 0% |381%| 0% ||70.6% 0.37
EL [37.0%|71.7% 90.8% 51.2%  90.6%  64.8% 83.2% | 0% 0% |21.9% 60.9% 0% |[581% 07
ES |32.6% 58.8% |81.5%  76.2% |90.7% |69.6% 70.8% | 0% | 0% |14.0% 41.9% 0% || 61.8% 0.20
FI |575%  47.6% 865%|92.7%| 0% |651% 76.1% 0% 0% | 0% |707% 0% ||72.6% 1.00
FR |40.6% 49.1% | 80% | 76.0% |90.3%|658% 81.4% 0% 0% | 153%  46.0% 0% ||533% 08
HR |47.7% 59.3% | 84.3% | 95.7% | 90.3% | 75.9% | 77.0% | 0% | 0% | 2.9% |374%| 0% || 67.1% 0.27
HU |47.2%  36.7% |89.9% 94.0% 0% |76.2% 89.5% 0% | 0% - - - 51.0% 0.17
IE |42.1%  57.5%  89.6% 57.3%  97.0%  81.6% 89.4% 0% 0%  132% 67.6% 0% ||584% 0.16
IS |454%  90.8%  92.6% | 75.9%  90.1% | 23.1% 93.4% | 0% | 0% |151% 354% 0% ||66.4% 0.33
IT |33.3% 61.2% |84.5% | 66.6% |93.6% |72.3% |73.8% | 0% | 0% |19.0% 35.6% 0% |/589% 0.14
LI |50.4%  67.6%  95.8%94.7% 86.1% | 26.4% |94.0% 0% 0% - - - 768% 0.34
LT |56.7%  63.0%  87.3% | 96.8% | 44.4% |59.9% 88.7% | 0% 0% | 4.0% 37.3%| 0% ||68.3% 047
LU [37.4% 62.0%  858%96.6% 0% 0% 0% 0% 0% | 0% 0% 0% ||703% 0.10
LV [60.2% 755% | 90% | 96.2%| 0% |650% 804%| 0% | 0% | 0% |(259% | 0% ||754% 044
MT [22.6%|459% 0% | 6.0% 678% 771% 0% | 0% 0% | 0% '201% 0% ||341% 03
NL |36.7%  56.0% | 78.8% 77.6%  93.8%  48.7%  80.4% 0% | 0% |21.0% 48.0% 0% ||57.3% 0.10
NO |482% 65.2%|91.9%  94.7% | 90.3% | 68.6% 91.8% | 0% | 0% |23.6% |476%| 0% ||755% 1.11
PL [50.2% | 50.3% 83.6% 92.6%  96.9% | 55.9% 89.1% 0% 0% |20.3% 30.8% 0% ||61.2% 0.15
PT [37.5%|645% 83.0%  79.6%  89.7%  52.2% 86.6% 0% 0% |14.6% 433% 0% ||/61.8% 0.14
RO [47.3% | 48.7% 89.3%  88.1% 93.7% 59.7%  732% 0% | 0% | 0% |332%| 0% ||58.0% 0.17
SE |57.0% 58.1%  87.3% 94.0%  81.6%  81.2% 93.6% 0% 0% 265% 63.1% 0% || 69.3% 1.02
Sl |45.4%  73.0% | 88.2% | 98.1% 80.1% | 65.7% | 96.0% | 0% | 0% | 0% |39.0% 0% ||81.0% 0.39

SK |44.5% | 44.3%  89.3% | 84.5%  99.9% | 63.9% | 81.6% 0% 0% - -% - 55.7% 0.15
EU | 40% |51.7%  81.0% | 81.2% 67.0% |20.4% 61.1% 0% 0% | 16.8%  452% 0% ||56.9% 025
EU &

41.5% | 53.0% | 83.2%  89.0% 91.0% | 67.0% 88.2% | 0% 0% | 17.4% 458%| 0% |[621% 0.28

EFTA

* Complete names of ecosystem types 1 = Settlement and Other Artificial Areas; 2 = Cropland; 3 = Grassland; 4 = Forest and Woodland; 5
= Heathland and Shrubland; 6. = Sparsely Vegetated Ecosystems; 7. = Inland Wetlands; 8 = Rivers and Channels; 9 = Lakes and
Reservoirs; 10 = Marine Inlets and Transitional Waters; 11 = Coastal Beaches, Dunes and Wetlands; 12 = Marine.

** Values corrected to avoid accounting incoherencies result of limitations in the spatial resolution of the input data used for the
delimitation of ecosystem types.

Source: JRC analysis
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Figure 11. Average percentage of urban green in MS aggregated by type of urban local administrative units (LAUS) in 2018. a) Average percentage of urban green in Settlements and Other
Artificial Areas; b) Overall average percentage of urban green considering all ecosystem types; c) Average amount of urban green (Ha) per inhabitant (values above 0.5Ha are indicated
numerically). LAUs are split in three groups (CC = cities above 50,000 inhabitants, C = cities below 50,000 inhabitants, T = towns and suburbs). MS are sorted from minimum to maximum
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Figure 12. Green spaces in urban local administrative units of EU-27 and EFTA MS in 2018. A) Share of green in urban
Settlements and Other Artificial Areas. B) Urban green (ha) per inhabitant in urban ecosystems.

Cyprus Malta
0 50 km 0 10km
L 9 L
0 25km 0 10km
(ped —
Canary Islands (SP) *  Azores (PT)
. W, .
1 o«
° op7
<] ,dd & 1
0 100 km 0 100 km L e
= — . '

Legend
B oox-15% [l 45%-60%
15%-30% [l >e0%

3096 - 45%

Cyprus Malta

0 25km 0 10km
‘7.—‘ i —
Canary Islands (SP) ‘  Azores (PT)
. W .

o

W
0 100 km o o
— - 1

Legend  (Units: ha/inhabitant)

W o-o0s 02-03
oos-o1 [l >o3
01-02
e D
: 0 250 500 km
» .

Source: JRC analysis

46



4.3.3 Share of tree cover

Values of share of tree cover for urban ecosystems aggregated at country level are visualised in Table 8. In
terms of commonalities among urban ecosystem types, Settlements and other artificial areas, Croplands, and
Grasslands show values below 20% for most MS. For the other ecosystem types, values are more variegated.
This pattern also emerges when values are disaggregated per type of urban LAU (Figure 13a). Regarding
commonalities among countries, it can be seen that Scandinavian countries (Norway (NO), Sweden (SE) and
Finland (FI)) have the highest overall share of tree cover in urban ecosystems and in their Settlements and
other artificial areas. Disaggregated values also show that in these countries high values of tree cover are
maintained across all types of urban LAU (Figure 13). Cyprus (CY), Malta (MT) and Iceland (IS) are the only
countries with an overall share of tree cover below a 5% (Table 8). From all the countries, only Iceland have a
higher share of tree cover inside urban Settlements and other artificial areas (slightly above 5%) than in the
overall urban ecosystem.

A minimum 10% of tree cover in all cities, towns and suburbs by 2050 is included as a target for
urban ecosystems in the proposed Nature Restoration Law (European Commission, 2022h). Condition
accounting results of tree cover at national level, disaggregated per type of LAU and visualised in a spatial
explicit form at LAU level can inform on where tree restoration actions are required. Results aggregated at
country level show that Cyprus, Malta, Iceland and Ireland (IE) have an average overall share of tree cover in
urban ecosystems below 10% (Table 8). A low value when compared it to the average value for EU-27 and
EU-27 and EFTA (23.1% and 25.5%). Disaggregated results (Figure 13), showcase that besides the above MS,
cities (above and below 50,000 inhabitants) in Greece, and cities above 50,000 inhabitant in Portugal (PT)
also have an average overall share of tree cover below 10%. At LAU level, and in a spatialized form (Figure
14a), it can also be seen that a large part of urban LAU in Italy (IT), France (FR), Spain (ES), Greece (EL),
Hungary (HU), Netherlands (NL), North western of Belgium and Eastern of Romania (RO) do not overpass a
minimum 10% of tree cover. Many other countries, include also urban LAU that do not overpass this
threshold. Therefore, for few countries (e.g. Malta, Ireland) restoration efforts should be generalised,
others such as Portugal should focus on major cities (e.g. Lisbon or Oporto), and a third group such
as Italy should focus in specific geographical contexts (e.g. Po Valley in the North of Italy).

Tree cover results can also inform about the potential feasibility of science-based targets tailored
to specific ecosystem types. For example, lungman et al. (2023) estimated that increasing the share of urban
tree cover to 30% at grid-population level (1km x 1km) could avoid a 40% of deaths attributed to urban heat
island. Simplifying this threshold from grid level to ecosystem type level, could be framed as a 30% of tree
cover in urban Settlements and other artificial areas, since it is where population is mostly located.
Results aggregated at country level (Table 8) already informs that on average no MS overpasses this
threshold. It is also much higher than the average value for EU-27 and EU-27 and EFTA (8.4% and 8.8%).
Disaggregated results show that on average only cities below 50,000 inhabitants in Finland overpass it
(Figure 13). Spatialized results at urban LAU level confirm that very few cities, towns and suburbs in EU-27
and EFTA are close to this threshold (Figure 14b). In fact, most MS would need to triplicate (e.g., most
urban LAU in Spain) or double (e.g, most urban LAU in Sweden) their share of tree cover in urban
ecosystems to fulfil a proposed policy target based on this threshold. A less ambitious policy target could be
to transpose the minimum 10% of tree cover of the proposed Nature Restoration Law directly onto urban
Settlements and other artificial areas. For this second alternative, results at country level showcase that
on average only Poland (PL), Lithuania (LT), Estonia (EE), Belgium (BE), Latvia (LV), Sweden (SE), Norway (NO)
and Finland (FI) already overpass this threshold. Disaggregated results showcase that all except Lithuania and
Estonia have an average value above 10% for all types of urban LAU (Figure 13). However, spatialized results
at LAU level show that, except for Finland, Norway, Sweden and Estonia, most urban LAU in EU-27 and EFTA
MS have values below a 10% of tree cover (Figure 14b). In simple terms, application of this second
alternative still would require a generalised urban tree restoration effort in Europe, very significant in
the case of countries with a very low share of urban tree cover such as Malta, Cyprus or Greece. The above
examples illustrate how condition ecosystem accounts of specific variables, such as tree cover, could be
useful also to inform the definition of policy targets.
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Table 8. Average share of tree cover per ecosystem type and overall share of tree cover in urban local administrative
units of EU-27 and EFTA MS in 2018. Values are rounded to the first decimal digit and MS are sorted in alphabetical order.

Ecosystem Type *

1 2 3 4 5 6 7 8 9 10 11 12
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AT | 82% | 8.7% |15.2% |68.6% 37.5%| 7.8% 24.1% 0% | 0% | 0% 0% | 0% 29.0%
BE [13.3% | 135%|11.1% | 67.9% 33.4% 54% |(26.8% | 0% | 0% | 3.3% | 4.0% K 0% 17.8%
BG | 9.6% |10.9%  12.2%  62.6% 17.0%  10.3% 186% 0% | 0% | 0% | 1.6% | 0% 28.2%
CH [80%  95% 14.7% 72.9% 23.7%  3.3% | 20% | 0% | 0% | 0% 0% | 0% 27.3%
CY |15%  3.0% | 1.0% | 29% | 20% | 14% | 49% 0% | 0% | 0% | 1.8% | 0% 2.2%
CZ | 72% | 95% | 9.9% |64.7%| 0% 0% [356%| 0% | 0% | 0% 0% | 0% 21.9%
DE [ 85% | 6.2% |[14.1%|72.6% 20.5% 7.3% |20.2% | 0% | 0% | 1.5% | 0.1% | 0% 26.9%
DK | 95% | 9.8% | 9.7% |64.4% | 12.9% | 36.3% | 26.0% 0% | 0% | 1.3% | 58% | 0% 14.9%
EE [131%  16.7%  10.1% | 62.4%  51.0%  26.2% 131% | 0% | 0% | 0% |19.2% 0% 30.9%
EL | 42% 125% | 5.8% |34.0%  152% | 3.3% 14.1% 0% | 0% | 02% | 57% | 0% 10.8%
ES |57% |131% | 82% |41.9%19.1% 69% | 88% | 0% | 0% | 1.9% | 2.6% | 0% 18.7%
FI 1233%|14.7%14.4% 56.7% | 0% |265% 82% | 0% | 0% | 0% | 87% | 0% 39.4%
FR | 8.3% |10.9% | 17.5% |63.4%  30.8%  13.3% 29.6% | 0% | 0% | 2.0% | 3.2% | 0% 19.8%
HR | 44% 115%  11.6%  56.4%  134% 2.9% 29.5% 0% | 0% | 05% | 1.6% | 0% 24.8%
HU | 6.8% | 6.1% |11.0% 60.3%| 0% | 0.1% |19.0% 0% | 0% | 0% 0% | 0% 18.0%
IE | 50% 75% | 7.2% | 50.6% | 6.1% | 26% | 9.0% | 0% | 0% | 0.8% | 3.6% | 0% 6.3%
IS | 52% [188% 1.3% @ 20% | 12% | 04% | 08% | 0% | 0% | 0.7% | 0.1% | 0% 2.5%
IT | 65% 18.0% | 15.8%  60.4% |31.7% | 16.0% 199% 0% | 0% | 35% | 51% | 0% 22.6%
LI 7.9% | 7.1% | 15.8% 64.3% 42.8% | 88% |302%| 0% | 0% | 0% 0% | 0% 31.8%
LT |11.3%|10.9% 6.3% | 68.0% 15.0%  14.3% 272%| 0% | 0% | 1.6% |10.6% 0% 29.0%
LU | 85% | 9.7% | 8.0% |71.0%| 0% 0% 0% | 0% | 0% | 0% 0% | 0% 30.3%
LV [141%  153%  10.8%  651%| 0% |21.0% 17.7%| 0% | 0% | 0% | 6.1% | 0% 32.8%
MT | 21%  31% | 0% [282% 14%  21% | 0% | 0% | 0% | 0% | 23% | 0% 24%
NL | 8.7% | 9.6% | 65% |54.3% 18.1%  75% 159% | 0% | 0% | 0.1% | 0.7% | 0% 11.6%
NO |165% |23.3%|20.4% |61.7%19.3%  81% 29.8% 0% | 0% | 59% |13.5%| 0% 36.4%
PL |102% 9.8% |14.7% |659%  11.3% 11.2% 26.0% 0% | 0% | 50% | 7.1% | 0% 252%
PT | 49% 124%| 58% |42.8% 19.9% 5.6% 157% 0% | 0% | 1.0% | 27% | 0% 17.6%
RO | 51% | 81% | 85% |65.8% 239%| 7.8% | 7.5% 0% | 0% | 0% | 43% 0% 20.4%
SE |15.8%  14.1% 21.0% |62.8% | 17.2%  20.7%|22.6% 0% | 0% | 7.4% |11.0% 0% 36.8%
Sl | 65% |158% |17.8%  71.9% 27.7%| 83% |294% | 0% | 0% | 0% | 1.8% | 0% 42.7%
SK | 59% | 9.7% |17.9% |685%  6.2% | 6.5% 39.7% 0% | 0% | 0% 0% | 0% 25.8%
EU | 84% 11.8%|11.5% 56.5%  16.2% | 32% 132%| 0% | 0% | 25% | 35% | 0% 23.1%

EIL:JTiL 88% 122% 119% 61.7%  21.0% 86% 21.6% 0% | 0% | 26%  3.7% | 0% 25.5%

* Complete names of ecosystem types 1 = Settlement and Other Artificial Areas; 2 = Cropland; 3 = Grassland; 4 = Forest and Woodland; 5
= Heathland and Shrubland; 6. = Sparsely Vegetated Ecosystems; 7. = Inland Wetlands; 8 = Rivers and Channels; 9 = Lakes and
Reservoirs; 10 = Marine Inlets and Transitional Waters; 11 = Coastal Beaches, Dunes and Wetlands; 12 = Marine.

** Values corrected to avoid accounting incoherencies result of limitations in the spatial resolution of the input data used for the
delimitation of ecosystem types.

Source: JRC analysis

48



Figure 13a. Average share of tree cover per ecosystem type in MS (MS) aggregated by type of urban local administrative units (LAUS) in 2018. Values are only presented for those
ecosystem types that overpass a value of 20% in one or more MS. Average overall share of tree cover values per type of LAU, beyond ecosystem types, are also represented. LAUs are split
in three groups (CC = cities above 50,000 inhabitants, C = cities below 50,000 inhabitants, T = towns and suburbs). MS are sorted from minimum to maximum normalised values in
Settlements and other artificial areas.
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Figure 13b. Average share of tree cover per ecosystem type in MS (MS) aggregated by type of urban local administrative units (LAUs) in 2018. Values are only presented per ecosystem
type (only those that overpass a value of 30% in one or more MS) and as overall average values per type of urban LAU. LAUs are split in three groups (CC = cities above 50,000 inhabitants,
C = cities below 50,000 inhabitants, T = towns and suburbs). MS are sorted from minimum to maximum normalised values in settlements and other artificial areas.
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Figure 14. Tree cover in urban local administrative units (LAU) of EU-27 and EFTA MS in 2018. A) Overall share of tree
cover. B) Share of tree cover in urban Settlements and Other Artificial Areas. Values are visualised per LAU.
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4.3.4 Particulate matter concentration

Values of particulate matter in urban ecosystems aggregated at country level are visualised in Table 9 and
10. In terms of commonalities, Scandinavian and Baltic countries (Iceland (IS), Norway (NO), Sweden (SE),
Finland (FI), Estonia (EE), Latvia (LV)) share low values of PM;o and PM,s compared to other countries. These
values are also very low compared to the average values of EU-27 and EU-27 and EFTA. Another
commonality is that different ecosystem types inside the same MS have very similar average values. In part,
this is because the area of scope is already limited, i.e., urban ecosystem accounting areas, and all ecosystem
types are influenced by regional pollution levels occurring in each urban ecosystem. In fact, when differences
are larger (e.g., Heathland and Shrubland compared to other ecosystem types in Switzerland (CH)), it is due to
variations in the geographical distribution of those ecosystem types compared to the rest. For example, some
ecosystem types, might be only be present (or more extensively present) in certain urban ecosystems with
much lower or higher particulate matter concentration. Disaggregated results also confirm this pattern (Figure
15), where values per ecosystem type per type of urban LAU are quite similar per MS and major differences
(e.g., Grasslands for towns and suburbs in Portugal (PT)) are a result of a different distribution of those urban
ecosystem types in the MS.

The map at LAU level (Figure 17) also informs that differences are mainly associated with the geographical
position of urban ecosystems and the ecosystem types present in them. This is evident in countries such as
Italy (IT), Germany (DE) or Poland (PL), which clear regional differences in terms of PM10 and PM2.5 levels
across its territory. In part, this similarity in results among ecosystem types is also influenced by constraints in
the spatial resolution of the input data, which is provided at 0.1° (~11 km) and therefore cannot capture
differences in air pollution levels at a detailed spatial scale. Therefore, for variables such as air pollution,
condition accounting results per ecosystem type at MS level should be considered carefully for
policy making and monitoring ecosystem condition, since might not represent the real conditions of
urban ecosystems in specific regions.

Besides spatial issues, the use of annual average values of particulate matter could also hide relevant
seasonal differences in ecosystem condition. A visualisation of monthly average PMyo values per ecosystem
and MS makes evident this issue (Figure 16). Most countries do not have a similar PMyo concentration across
the year, and in some cases few months have values that might double the concentration of many others. For
example, in the case of Poland (PL) PMyo levels on February double the levels occurring from May to
September. Monthly values also make evident that in many MS, those PM;o peak periods occur in specific
winter months, especially February. Peak values in winter occur mainly in countries with a high dependency on
fossil fuels, such as Poland. This seasonal differences are especially relevant since they influence ecosystem
potential to mitigate air pollution pressures across the year. In general, trees in urban ecosystems of most MS
have a dominant share of deciduous broadleaved woody plants, as shown in Chapter 3 - Figure 7 and 8.
Especially, some ecosystem types, such as urban Settlements and other artificial areas are mainly composed
of deciduous broadleaved trees. In many cases, also trees in urban Forests and Woodlands include a
dominant (or relevant) share of broadleaved species (Figure 8). In practice, this means that in some MS during
peak periods of PMyo levels, urban ecosystems might have a very low ecosystem potential, and therefore
might be limited as mitigation solutions. Therefore, for condition variables such as air pollution condition
accounting results calculated as annual averages might not fully capture relevant ecosystem condition issues
that might be intermittent on time and can end being masked.

In terms of reference level, the EU-wide Methodology proposed the use of prescribed levels for air pollutant
concentration. Building on this proposal, Figure 17 visualises annual PM;o (Figure 17a) and PM2s (Figure
17b) values making use of the thresholds of the Air Quality Directive® and the recommended
values of the last guidance note of the World Health Organisation (WHO 2021), which inform a
proposal for the modification of the Air Quality Directive (European Commission, 2022c). Figure 17a shows
clearly that all LAU fulfil thresholds for the Air Quality Directive. However, considering WHO recommended
value, almost all the urban ecosystems in Poland, Czechia (CZ), Slovakia (SK), Croatia (HR), the Netherlands
(NL) and Belgium (BE) will overpass the WHO recommendations in terms of air quality. It will also occur in
several regions of other countries such as Italy (IT), Germany (DE) and Spain (ES). A very similar situation

16 Threshold values for PM1o correspond to 40 pg/m?3 in the current Air Quality Directive and 15 pg/m? in the guidance of
the World Health Organisation. Instead, threshold values for PM2s correspond to 25 pg/m? in the current Air Quality
Directive and 5 pg/m? in the guidance of the World Health Organisation

52



occurs for PM,s (Figure 17b), but in that case already few urban LAU of Poland already overpass the
thresholds established in the Air Quality Directive (25 pg/m?3). In this sense, if reference levels are based
on thresholds set by the current Air Quality Directive, condition will be considered as optimal.
However, the result would be not so optimistic when using WHO recommended values.

Table 9. Average yearly PMio Concentration (ug/m3) per ecosystem type in urban local administrative units of EU-27 and
EFTA MS in 2018. Values are rounded to the first decimal digit and MS are sorted in alphabetical order.

Ecosystem Type *

1 2 3 4 5 6 7 8 9 10 11 12

% =] o ) %)

= - - o - % (&) Q = o

E E 5 %5 £ & 3 % & T B e

E 5 B 8 8 zZ 2 8 g g & &

3 S 5 2= £ & [ =z S = S =
AT 154 15.6 139 151 11.0 109 125 153 15.6 - -
BE 188 18.8 18.8 18.6 18.6 186 185 187 194 20.3 190 184
BG 139 13.9 137 135 10.7 128 150 154 14.0 - 144 147
CH 131 131 116 130 85 8.3 122 136 124 - - -
CcYy 20.0 19.9 198 19.6 198 204 20.1 - 20.2 - 20.8 20.7
(074 21.2 21.2 20.7 21.1 - - 234 216 21.4 - - -
DE 150 151 150 15.0 154 14.1 151 155 155 155 156 151
DK 13.0 129 129 129 124 11.0 129 - 13.0 12.6 12.8 129
EE 77 7.6 7.6 7.6 79 74 77 79 77 - 8.0 7.8

EL 186 | 172 | 168 | 178 | 182 | 186 | 165 | 159 | 147 H 160 | 172 | 189
ES 135 | 134 | 133 | 131 | 131 | 116 | 140 | 139 | 129 @ 148 | 136 | 127
Fl 6.4 6.2 58 6.1 - 6.0 56 5.7 6.2 - 6.6 6.4
FR 151 | 149 | 145 | 147 | 141 | 137 | 155 | 147 | 149 | 150 | 148 | 156
HR 161 | 161 | 158 | 159 | 126 | 124 | 174 | 176 | 173 | 139 | 133 | 134
HU 180 | 180 | 180 | 179 - 171 | 178 | 181 | 179 - - -

IE 100 | 100 9.9 9.9 9.7 9.3 95 9.7 94 101 | 103 | 104
IS 6.2 5.0 59 59 56 5.6 53 4.6 6.8 6.0 57 6.6
IT 192 | 192 | 167 | 177 | 146 | 157 | 186 | 192 | 182 | 167 | 161 | 158
LI 102 | 103 9.6 9.8 9.0 9.3 107 | 102 - - - -

LT 116 | 116 | 116 | 115 116 | 119 | 111 | 120 | 115 118 | 113 | 112

LU 157 | 157 | 157 | 157 - - - 144 | 140 - - -
LV 9.7 9.6 9.6 95 - 91 9.8 9.8 9.6 - 103 | 101
MT | 220 | 220 - 213 | 221 | 220 - - - - 212 | 221

NL 177 | 177 | 177 | 177 | 178 | 177 | 176 | 179 | 177 | 172 176 | 174
NO 80 77 74 74 6.7 6.5 6.7 7.1 7.3 6.0 6.1 81
PL 230 | 229 | 229 | 229 | 182 | 209 | 202 | 233 | 231 | 159 | 177 K 164
PT 135 | 134 | 108 | 134 | 122 | 100 | 137 | 140 | 122 | 167 A 161 | 100

RO 160 | 160 | 158 | 157 | 105 | 140 | 166 K 163 | 16.2 - 148 | 148
SE 84 83 83 81 82 76 75 6.8 7.8 73 89 93
SI 164 | 163 | 160 | 161 | 139 | 136 | 154 @ 165 | 159 - 157 | 165

SK 197 | 197 | 191 | 195 | 172 | 168 | 197 | 206 | 203 - - -
EU 155 | 154 | 150 | 118 | 101 | 39 7.3 153 | 94 147 | 143 | 82
EU &
EFTA

158 156 | 153 | 124 | 119 86 93 | 156 | 103 | 149 144 | 105

* Complete names of ecosystem types 1 = Settlement and Other Artificial Areas; 2 = Cropland; 3 = Grassland; 4 = Forest and Woodland; 5
= Heathland and Shrubland; 6. = Sparsely Vegetated Ecosystems; 7. = Inland Wetlands; 8 = Rivers and Channels; 9 = Lakes and
Reservoirs; 10 = Marine Inlets and Transitional Waters; 11 = Coastal Beaches, Dunes and Wetlands; 12 = Marine.

Source: JRC analysis
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Table 10. Average yearly PMzs Concentration (ug/m3) per ecosystem type in urban local administrative units of EU-27
and EFTA MS in 2018. Values are rounded to the first decimal digit and MS are sorted in alphabetical order.

Ecosystem Type *

1 2 3 4 5 6 7 8 9 10 11 12

% =] < 1) %)

= - - o - % (&} [} = o

E E 8 %5 & & 3 % 5 T 0§ o

E 8 4 88 § = = s | £ 5 8 £

3 S 5 £ £ & = =z s = 8 =
AT | 106 | 108 | 95 | 105 | 72 | 70 | 87 | 103 | 109 | - - -
BE | 113 | 113 113 | 112 111 112 | 112 112 117 119 | 110 107
BG | 100 100 98 | 97 | 75 @ 91 | 107 111 100 | - 98 | 96
CH| 91 91 | 81 91 60 58 86 95 87 - - -
cYy | 108 108 108 108 108 109 112 - | 107 & - | 110 110
cz | 156 @ 157 | 153 | 155 - - 172 | 156 | 158 @ - - -
DE | 102 | 102 | 101 | 101 | 100 @ 95 | 100 104 104 96 | 95 & 91
DK | 79 | 78 77 |78 | 70 57 @ 78 - 78 | 74 | 75 | 76
EE | 50 | 51 51 | 51 49 45 51 54 | 52 - 49 | 50

EL | 101 | 97 94 9.9 9.7 97 | 103 | 101 | 87 9.3 9.6 9.8
ES 7.9 7.9 7.7 77 7.6 7.2 7.8 7.7 7.2 75 7.8 7.8
Fl 41 39 35 39 - 35 35 35 39 - 4.1 39
FR 9.1 9.0 8.7 89 82 8.0 9.1 89 9.0 7.7 7.7 82
HR | 119 | 120 | 117 | 118 | 84 83 | 131 135 132 | 92 8.7 8.8
HU | 139 | 140 | 139 | 139 - 133 | 137 | 140 | 138 - - -
IE 50 4.9 49 4.9 47 44 4.6 4.6 45 48 48 4.8
IS 26 20 23 25 22 20 20 19 26 25 20 27
IT 134 | 135 | 113 | 123 | 85 | 102 | 133 | 139 | 127 | 101 | 93 89
LI 75 7.6 7.1 7.3 6.7 6.9 79 7.6 - - - -
LT 8.2 82 82 81 81 85 79 8.7 81 8.0 7.6 7.5

LU 9.3 9.3 9.3 9.3 - - - 8.6 82 - - -
LV 6.8 6.7 6.6 6.6 - 6.0 6.8 6.8 6.7 - 6.8 6.6
MT 9.6 9.6 - 9.3 9.5 9.3 - - - - 9.3 9.6

NL | 105 | 105 | 105 | 105 | 106 | 105 | 104 | 107 | 104 | 100 | 97 95
NO 42 41 35 4.0 33 31 35 39 39 29 25 41
PL | 166 | 166 | 165 | 166 | 132 | 152 | 146 | 168 | 167 | 104 | 114 | 106
PT 7.7 7.6 7.3 7.6 7.3 7.1 7.7 7.3 6.8 81 7.7 7.1

RO | 123 | 124 | 122 | 121 | 80 | 108 | 127 125 124 - 100 | 10.0
SE 4.8 47 4.7 4.6 45 4.1 4.3 39 44 41 50 51
Sl 124 124 | 122 | 122 | 99 99 | 117 | 129 | 121 - 106 | 110

SK | 147 | 147 | 143 | 145 | 128 | 122 | 145 | 152 | 150 - - -
EU | 103 @ 104 | 99 7.8 59 25 46 | 103 | 59 82 79 4.7

EIL:JTiL 105 105 | 101 | 82 6.8 4.8 56 | 105 64 8.2 79 59

* Complete names of ecosystem types 1 = Settlement and Other Artificial Areas; 2 = Cropland; 3 = Grassland; 4 = Forest and Woodland; 5
= Heathland and Shrubland; 6. = Sparsely Vegetated Ecosystems; 7. = Inland Wetlands; 8 = Rivers and Channels; 9 = Lakes and
Reservoirs; 10 = Marine Inlets and Transitional Waters; 11 = Coastal Beaches, Dunes and Wetlands; 12 = Marine.

Source: JRC analysis
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Figure 15a. Average annual concentration of PM2s and PMio (Ug/m?) per ecosystem type in MS (MS) aggregated by type of urban local administrative units (LAUs) in 2018. Values are only
presented for terrestrial ecosystem types. LAUs are split in three groups (CC = cities above 50,000 inhabitants, C = cities below 50,000 inhabitants, T = towns and suburbs). MS are sorted
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Figure 15b. Average annual concentration of PM2s and PMio (Ug/m?) per ecosystem type in MS (MS) aggregated by type of urban local administrative units (LAUs) in 2018. Values are only
presented for terrestrial ecosystem types. LAUs are split in three groups (CC = cities above 50,000 inhabitants, C = cities below 50,000 inhabitants, T = towns and suburbs). MS are sorted
from minimum to maximum normalised values in settlements and other artificial areas.
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Figure 16. Variations in average monthly PMio concentration per ecosystem type in each MS in 2018. The variations are
represented compared to average annual PM10 concentration values and represented as percentages. SE = Settlement
and other artificial areas; CR = Cropland; GS = Grassland; FO = Forest and Woodland; HE = Heathland and Shrubland; SV =
Sparsely Vegetated Ecosystems; IW = Inland Wetlands CO = Coastal Beaches, Dunes and Wetlands.
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Figure 17. Average annual particulate matter concentration (ug/mq) in urban local administrative units of EU-27 and EFTA
MS in 2018. A) Average concentration of PMao. B) Average concentration of PMzs. Values are aggregated and visualised at
local administrative unit level.
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4.4 Key Messages

Learnt lessons on urban ecosystem condition accounts

— For urban ecosystem condition accounts, besides the ecological dimension, the social and
technological dimensions are also relevant.

— To determine if urban ecosystems are in good condition, both societal demand and local ecosystem
potential to deliver services should be considered.

— Results for tree cover illustrate that to fulfil the tree cover target of the proposal for a Nature
Restoration law, few EU-27 and EFTA MS should focus on cities above 50,000 inhabitants, others in
specific regions and a third group distribute their efforts across the country.

— On average EU-27 and EFTA MS have only around an 8% of tree cover in their urban Settlements.

— In EU-27 and EFTA MS, atmospheric levels of particulate matter are in general below the thresholds
recommended by the latest guidance note of the World Health Organisation.
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5 Urban Ecosystem Services Accounts

Ecosystem services are the contributions of ecosystems to the benefits that are used in economic and
other human activity (United Nations, 2021).

Ecosystem capacity is the ability of an ecosystem asset to generate an ecosystem service under current
ecosystem condition, management and uses, at the highest use level that does not negatively affect the
future supply of the same or other ecosystem services from that ecosystem asset (United Nations, 2021).

As mentioned in Chapter 2 (Table 1), there are still discussions on the concept of ecosystem capacity,
especially on the implications of a systemic definition, and its links to the concept of ecosystem condition. In
the case of anthropogenic ecosystems, such as urban ecosystems, where humans are a fundamental
component, identifying optimal ecosystem capacity could also help to identify optimal ecosystem conditions.
For urban ecosystems, approaching ecosystem capacity from a systemic approach, instead of service by
service, would have several advantages. For example, it would ensure consideration of limits associated with
tipping points (United Nations, 2021), including those result of an unsustainable demand. As another example,
it would also ensure that supply of few services up to their individual capacity would not generate drawbacks
for the individual ecosystem capacity of others. Chapter 5 briefly discusses the concept of ecosystem
capacity in relation to ecosystem condition and extent (Section 5.1). Afterwards, it presents urban
ecosystem services accounts for air purification and local climate regulation for EU-27 and EFTA
MS (Section 5.2). The accounting results are also used to illustrate specific links with the pilot extent and
condition accounts for urban ecosystems already described in Chapter 3 and 4.

5.1 Ecosystem capacity and its links with ecosystem condition and extent
accounts

SEEA EA indicates that the extent and condition of ecosystem assets influence ecosystem capacity and the
supply of ecosystem services (Section 5.5.6 and 6.5 - United Nations, 2021). On the other hand, the use of
ecosystem services might influence ecosystem condition (United Nations, 2021), and consequently, ecosystem
capacity and the future supply of ecosystem services. Therefore, to ensure a sustainable flow of ecosystem
services is relevant to estimate ecosystem capacity as part of ecosystem services accounts. However, there
are still bottlenecks hampering an operational integration of ecosystem capacity accounts into SEEA EA:

— Lack of agreement about the most suitable approach to estimate ecosystem capacity, a systemic
perspective or a service by service basis. For operational purposes, SEEA EA suggests the service by
service basis until further research is available on the systemic perspective (United Nations 2021).

— To estimate ecosystem capacity, consideration of management and use actions is acknowledged, but not
the related social and technological attributes influencing them. In other words, social and technological
dimensions, and therefore variables, are not considered explicitly.

— Ecosystem capacity accounting tables are not required in SEEA EA, their compilation is suggested but as
auxiliary intermediate data.

— Ecosystem services demand, is not required either in SEEA EA. Together with ecosystem capacity,
ecosystem services demand permits estimation of unused ecosystem services potential, overuse of
ecosystem services and unmet ecosystem services demand.

— Unused, overused and unmet ecosystem services accounting tables are neither required in SEEA EA.

In urban ecosystem accounting (thematic approach), overcoming the above ecosystem capacity
bottlenecks might not be only useful to estimate ecosystem services supply and use, but also
reference ecosystem condition. As described in Chapter 2 and 4, a suitable approach to identify reference
conditions would be via the best-attainable approach. For urban ecosystems, the best-attainable approach
should also inherently reflect the best-attainable conditions for humans. In other words, the ecosystem
condition for which ecosystem services supply and use are optimal from a sustainable perspective, and there
is not unmet demand. For an ecosystem service flow to be sustainable there should not be overuse (La Notte
et al, 2018; Vallecillo et al, 2019; La Notte et al, 2022, 2022a). In other words, there should not be
ecosystem degradation, since it would diminish future ecosystem services potential, and therefore ecosystem
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capacity. The existence of ecosystem service unmet demand implies that there is an associated societal
(urban) challenge (e.g., lack of air quality) that can be mitigated or addressed by nature, which is not
completely addressed yet. Therefore, clarifying the ecosystem capacity approach, explicitly considering social
and technological factors (related to management and use actions), and including accounting tables for
ecosystem capacity, ecosystem services demand, ecosystem services overuse and ecosystem services unmet
demand might help to solve challenges related to both, ecosystem service and condition accounts.

In urban ecosystems, overuse and unmet demand might be a consequence of land cover and use decisions,
human consumption patterns or both. In urban ecosystems, overuse or unmet demand due to land cover and
use decisions can be mitigated via actions such as implementation of nature-based solutions (NBS). Before
NBS implementation, an understanding of the causal links between societal challenges, ecosystem services
and NBS is required together with an estimation of their potential net impact over time in terms of ecosystem
services supply (Babi Almenar et al, 2021, 2023). Hence, recording explicitly accounting tables on
ecosystem capacity, ecosystem services demand, ecosystem services overuse and ecosystem
services unmet demand, would also inform national and local policy making and planning of
future restoration actions such as NBS.

An adaptation of the SEEA EA accounting scheme for urban ecosystem accounting (thematic approach), that
takes into account the above reasoning, is summarised in Figure 18.

Figure 18. Scheme of SEEA EA adapted to thematic urban ecosystem accounting following the JRC INCA approach and an
urban ecology perspective. Dashed boxes and lines refer to relationships and tables not explicitly included in SEEA EA.
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5.2 A pilot urban ecosystem services account

Two ecosystem services, air purification and local climate regulation, are included in this pilot urban
ecosystem services accounts. As anticipated in Section 4.3, both are influenced by the ecosystem condition
variables included in the pilot urban ecosystem account of this report. They are also influenced by the extent
of specific urban ecosystem types (and sub-types) presented in the pilot of urban extent account (Section 3.3).
The description of accounting results draw lines to the results in Chapter 3 and 4, to illustrate with practical
examples the relationships between extent, condition and services accounts.

For both ecosystem services, accounts are not complete, since this pilot is focused on estimating ecosystem
services supply and use and drawing links to extent and condition accounts. In both ecosystem services it is
assumed that demand overpasses potential.

5.2.1 Urban ecosystem service account for air purification

Many scientific studies and urban policy documents have identified lack of air quality, especially particulate
matter (PM), as a major societal challenge in urban ecosystems (Babi Almenar et al., 2021). In fact, the EU
Green Deal, include among its ambitions a substantial improvement in air, water and soil quality in EU. This
ambition is translated into the Zero Pollution action plan (European Commission, 2021a'7), which integrates
as a target for 2030 the reduction of premature deaths due to air pollution by more than a 55%. Particulate
matter (PMzs and PMyo) has also been linked to many other health effects such as cardiovascular, respiratory
diseases and lung cancer in a wide range of epidemiological studies. The last guidance note of the World
Health Organisation (WHO) summarises the most updated scientific evidence (WHO, 2021).

PM removal from the atmosphere occurs through two environmental processes: wet deposition (particles in
raindrops) and dry deposition (adsorption of particles by artificial and living surfaces).

According to SEEA EA (Section 6.2.5), wet deposition might not be related to an ecosystem service flow, but to
an abiotic flow, since it depends exclusively on geophysical attributes, i.e., climate and the atmosphere (United
Nations 2021). PM removal by wet deposition occurs during rain events and specific biotic and abiotic
components of the ecosystem, besides the atmosphere, do not have a direct influence.

Instead, dry deposition on living surfaces of ecosystems relates to an ecosystem service flow. In terms of
abiotic and biotic attributes, it mainly depends on PM atmospheric levels, atmospheric conditions (e.g., wind,
rain, atmospheric stability), and properties of the vegetation surface where PM is deposited (Babi Almenar et
al,, 2021). In terms of vegetation surface properties, the amount of leaf surface (i.e., leaf area) is considered
the most relevant biotic attribute (Marando et al., 2016).

Hence, in terms of air purification of PM, ecosystem capacity (ecosystem service potential flow) only
reflects the dry deposition capacity of ecosystems, which in terms biotic and abiotic components
of the ecosystem mainly depends on the amount of leaf area and the tolerance of vegetation to
PM atmospheric levels.

5.2.1.1 Methods

As a proxy for air purification, only dry deposition of PMyo is estimated. The methodological procedure is an
adaptation of the methods reported in Hirabayashi et al. (2022) and Manes et al. (2016) for ecosystem
accounting purposes. As inputs, only data on leaf area, specifically leaf area index'® (LAI) and atmospheric
levels of PMyo are necessary®, For accounting purposes, the method assumes that dry deposition of PMy is
not very sensitive to changes in atmospheric conditions (e.g., wind speed), disregarding their influence. Since
atmospheric levels of PMyo have fast variations over time, input data should be used at the highest temporal
resolution possible. This pilot uses as input data the PMy, dataset of the Air Quality remote sensing product of
the Copernicus Atmosphere Monitoring Service?°?! at a temporal resolution of 1 hour and a spatial resolution

17 https://eur-lex.europa.eu/legal-content/EN/TXT/?2uri=CELEX%3A52021DC0400&qid=1623311742827

18 | eaf area index corresponds to the amount of leaf area per area of ground surface.

19 This report calculates supply and use ecosystem accounting tables, for ecosystem capacity it would be also necessary
to know the tolerance of vegetatlon to PM atmospheric levels.



https://ads.atmosphere.copernicus.eu/cdsapp#!/dataset/cams-europe-air-quality-reanalyses?tab=overview

of 0.1° (3 hours and 0.75° for Azores and Canary Islands). In the case of LAI, data should be able to capture
at least seasonal changes, therefore monthly time steps are suggested. This pilot combines the LAI300
product of the Copernicus Global Land Service (temporal resolution of 10 days and spatial resolution of 300
meters) and MODIS Terra+Aqua LAl product (temporal resolution of 4 days and spatial resolution of 500
meters). The methodological procedure is summarised in the following four steps:

— Preparation of the input data. In the case of PMy, the datasets are already refined. Instead for LAI, values
are aggregated at monthly time step and data gaps are corrected. Data gaps occur mainly in Northern
countries in winter months and in the centre of highly urbanised areas (see Annex IV — Figure 1V.1).

— Calculation of Velocity Deposition: Vd = w (m/s). For PMy, 0.0064 m/s is assumed as

suitable average value of PM;q velocity deposition for a reference LAl value of 6 (Manes et al,, 2016).

— Calculation of PMyo flux:  F = Vd * [PM,,] * time step (in seconds) (%). This pilot uses hour

time steps (i.e., 3600 seconds).
— Calculation of PMyo deposited:  PM,, Deposition = F x Ecosystem Asset Cell (Mass Unit).

Once annual PM10 deposition is calculated per cell and time step, its accumulated annual value is estimated.
Then values are aggregated per ecosystem type and urban LAU of each MS.

5.2.1.2 Results and discussion

Accounting tables for air purification supply and use in urban ecosystems, aggregated at country level, are
visualised in Table 11 and 12 respectively. In Table 11, average deposition of PM;, per land unit (Ton/km?) is
included to facilitate comparisons In terms of use, it is considered that households is the only sector
beneficiated (Table 12). Among MS, Iceland (IS) has the lowest deposition per land unit (0.13 Tn/km?), which is
a consequence of already low atmospheric levels of PMio and a low amount of leaf area. It is also quite low
compared to the average value in EU-27 and EU-27 and EFTA (0.70 and 0.66 Tn/km?). Ecosystem condition
accounting results for tree cover and PMi, atmospheric levels (Chapter 4 - Table 8 and Table 9) were also
quite low, anticipating the results of IS for air purification. Norway (NO), Finland (FI) and Estonia (EE) are the
MS with the lowest PMjo deposition per land unit, after IS. In this case, these results do not reflect a low
amount of leaf area or tree cover. They reflect low atmospheric levels of PMy. On the other side of the
ranking, Slovenia (Sl), Belgium (BE) and Netherlands (NL) are the countries with the highest deposition of PM1g
per land unit. In the case of BE an NL, it is due to their high atmospheric levels of PMio (as seen in Table 9).
Instead for SI, it is a combination of high atmospheric levels of PMi, and high values of leaf area. As
illustrated by the above examples, high (or low) values of air purification might not always reflect an
optimal (or poor) ecosystem condition and therefore diminished capacity. Therefore, it is important
that air purification supply and use tables are interpreted together with extent tables (to normalise
by area, when comparisons among countries are done) and condition tables for a good understanding of
the reasons underpinning results.

In terms of air purification per ecosystem type, Figure 19 summarises how much each ecosystem contributes
in each MS. By comparing those results to the share of ecosystem types per MS (Chapter 3 — Figure 5), it can
be seen that urban Settlements and other artificial areas contribute proportionally less than other
ecosystems. In other words, this ecosystem type has a lower PMio deposition per land unit than other
ecosystem types. Figure 20 provides further insights about PMio deposition per land unit, considering also
variations per type of urban LAU. It confirms that Settlements and other artificial areas is the lowest
performer for all type of urban LAU and MS due to its low amount of leaf area with respect to other
ecosystem types. Cropland and Grassland have a similar level of performance, and depending on the MS and
type of urban LAU one or the other is performing better. In most MS, Forest and Woodland are the best
performers.

Comparing PM;o deposition over the year (Figure 21), and PMy, pollutant levels over the year (Chapter 4 -
Figure 16), it can be seen that peak periods do not match in many MS. As it can be expected, for most
countries the highest values of PMi, deposition occur from April~May to September~October (Figure 21), i.e,
during the phenologically active periods, despite not being the periods with the highest atmospheric levels of



https://ads.atmosphere.copernicus.eu/cdsapp#!/dataset/cams-global-reanalysis-eac4?tab=overview

PM1o. This seasonal mismatch make clear that in urban ecosystems of some MS air purification might not be
available (or not perform at its best) when it is more needed and therefore, it should not be among the
suitable strategies to consider for mitigating air pollution issues.

Figure 19. Percentage of PM1o deposited per ecosystem type in the urban local administrative unit of each MS (MS) in
2018. MS are sorted from minimum to maximum contribution of settlements and other artificial areas to the overall PMio
deposition in each of them
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A map of air purification at LAU level show that Southern and Northern Europe have the lowest values of
PM1o deposition per unit of land (Figure 22a). However, when the values are also adjusted to the atmospheric
levels of PM10 (Figure 22b), it can be seen that only in the case of Southern Europe (Spain, Greece, Cyprus,
Malta, South of Italy) performance remains low. These spatialized results reinforce that air purification values
should be considered together with condition (e.g, atmospheric levels of PM10) to have a better
understanding of the ecosystem potential for this service.
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Table 11. Supply table of air purification in biophysical units (tonnes of PMio deposited on vegetation) in urban local
administrative units of each MS (MS) for the year 2018. Values are rounded.

EconoTlc Unit Ecosystem Type ** c
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5 I
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BE 3958 | 7861 15752302 | 102 | 0 | 27 oo | 0| 7 |0/ 099
BG 1392 | 14408 |2172 /15996 75 (73| 47 |0 | 0 |0 | 4 |0 | 077
CH 1131 | 2672 1004|3678 | 86 (64 23 |0, 0 0| 0 |0 071
cY 83 | 183 | 6 6 3 |1, 0 0/ 0/0/] 1 |0/ 033
cz 1459 | 4652 | 893 [4157| 0 (0| 9 |00 0| 0o |0/ 095
DE 13045| 32952 [18833/41620| 184 | 14 [ 228 | 0 | 0 | 0 | 27 |0 || 085
DK 831 | 5758 | 166 | 1350 | 51 | O | 116 | 0 | 0 | 0 | 42 |0 | 061
EE 70 | 222 |91 | 725 | 0o |0 | 4 o0 |0 0 |0 032
EL 611 | 2382 | 242 | 1077 | 673 | 73| 12 |0 | 0|0 | 18 |0 || 064
ES 2504 | 22266 | 3996 |15695|5137 (421 29 | 0 | 0 | 0 | 151 |0 | 04
FI 458 | 1463 | 2 (8937 0 |0 108/ 0 0 /0| 7 |0/ 025
FR 8035 | 13798 | 4218 |12462|1240 (128|182 | 0 | 0 | 0 | 140 | 0 || 073
HR 573 | 2983 | 475 [ 4104 | 99 |27 | 26 |0 | 0 | 0| 2 |0/ 089
HU 1521 | 9123 1759|4664 | O | 3 (164 0 | 0 0| 0 |0/ 072
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LV 153 | 541 | 267 (1340 0 |6 | 71 (0o 0|0 | 0 |0/ 037
MT 25 | 79 0 1 25 4, 0 0/ 0/0] 0o 0| o5
NL 3090 | 8851 |9789 3195|230 | 0 (3380 |0 | 0| 25 |0]|103
NO 445 | 1525 | 72 | 6599 | 878 /1968374 | 0 | 0 |0 | O | 0| 021
PL 6327 | 18801 | 4504 124020 25 |13 127 /0o | o |0 | o |0 || 096
PT 1081 | 4115 | 326 | 3566 | 366 7 0 8 |0, 0 O | 55 | 0| 066
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* Complete names of ecosystem types 1 = Settlement and Other Artificial Areas; 2 = Cropland; 3 = Grassland; 4 = Forest and Woodland; 5
= Heathland and Shrubland; 6. = Sparsely Vegetated Ecosystems; 7. = Inland Wetlands; 8 = Rivers and Channels; 9 = Lakes and
Reservoirs; 10 = Marine Inlets and Transitional Waters; 11 = Coastal Beaches, Dunes and Wetlands; 12 = Marine.

** Values corrected to avoid accounting incoherencies result of limitations in the spatial resolution of the input data used for the
delimitation of ecosystem types.

Source: JRC analysis.
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Table 12. Use table of air purification in biophysical units (tonnes of PM1o deposited on vegetation) in urban local
administrative units of each MS (MS) for the year 2018. Values are rounded.

Economic Unit * Ecosystem Type **
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EU &
EETA 596895

* Complete names of ecosystem types 1 = Settlement and Other Artificial Areas; 2 = Cropland; 3 = Grassland; 4 = Forest and Woodland; 5
= Heathland and Shrubland; 6. = Sparsely Vegetated Ecosystems; 7. = Inland Wetlands; 8 = Rivers and Channels; 9 = Lakes and
Reservoirs; 10 = Marine Inlets and Transitional Waters; 11 = Coastal Beaches, Dunes and Wetlands; 12 = Marine.

Source: JRC analysis.
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Figure 20a. Normalised Annual PM1o (g/m? of land surface) deposited per ecosystem type in MS aggregated by type of urban local administrative units (LAUs) in 2018. LAUs are split in
three groups (CC = cities above 50,000 inhabitants, C = cities below 50,000 inhabitants, T = towns and suburbs). MS are sorted from minimum to maximum normalised values of
settlements and other artificial areas.
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Figure 20b. Normalised Annual PM1o (g/m? of land surface) deposited per ecosystem type in MS aggregated by type of urban local administrative units (LAUs) in 2018. LAUs are split in
three groups (CC = cities above 50,000 inhabitants, C = cities below 50,000 inhabitants, T = towns and suburbs). MS are sorted from minimum to maximum normalised values of
settlements and other artificial areas.
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Figure 21. Monthly contribution to the annual PM1o deposition per ecosystem type in each MS in 2018. The values are
represented as percentages. In a hypothetical case of equivalent monthly contributions, each month would be around an
eight percent of the annual PMio deposition. Values in light red represent contributions lower than a hypothetical
equivalent monthly contribution, while values in light green, green and dark green represent contributions higher than an
equivalent monthly contribution. Values in yellow represent contributions inside a range closer to what would be expected
under an equivalent monthly contribution. SE = Settlement and other artificial areas; CR = Cropland; GS = Grassland; FO =
Forest and Woodland; HE = Heathland and Shrubland; SV = Sparsely Vegetated Ecosystems; IW = Inland Wetlands CO =
Coastal Beaches, Dunes and Wetlands
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Figure 22. Deposition of PMz1o in urban local administrative units of EU-27 and EFTA MS in 2018. A) Deposition per land
unit (g/m?). B) Deposition per land unit (g/m?) normalised by monthly atmospheric levels of PMio (ug/m?).
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5.2,2 Urban ecosystem service accounts for local climate regulation

High temperatures are responsible for the greatest number of fatalities due to natural hazards in Europe (EEA,
2022), and their impacts are expected to increase in the future due to anthropogenic climate change. Urban
areas are at elevated risk due to high population density and the urban heat island effect (UHI), a
phenomenon where higher air temperature in urban areas compared to peri-urban and rural areas are
observed (Ward et al, 2016). This is due to higher trapping of heat from concrete and other refractory
materials that compose the urban matrix, as well as direct emission of heat due to anthropogenic activities.
On the other hand, vegetation leads to a reduction in ambient temperature due to two main processes:
shading and evapotranspiration. The ecosystem service provided by urban vegetation in reducing urban air
temperature is referred to as “local climate regulation”.

In this urban ecosystem service account, local climate regulation has been estimated at LAU level using a
process-based, spatially-explicit statistical model based on the work of Marando et al. (2023) and Heris et al.
(2021). This model has been already applied and described in BiodiverCities Progress Report Section 4.1
(Zulian et al,, 2021) and Marando et al. (2023), which can be consulted for detail explanations about the
methodological procedure. A brief methodological explanation is included in the following lines.

5.2.2.1 Methods

In short, the approach consists in calculating the temperature difference between a real case scenario and a
scenario without vegetation. In order to do so, land surface temperature (LST) from satellite data and air
temperature data (from meteorological monitoring stations) are coupled to obtain a spatially explicit air
temperature dataset. Given that this ecosystem service is usually provided during the summer months, the
period from July to September is considered. The model runs for each LAU, individually, providing outputs at a
high spatial resolution (grid cells of 100x100 m). LST is obtained through a single-channel algorithm from
Landsat 8 OLI-TIRS thermal band data (Parastatidis et al., 2017), which is available at temporal resolution of
15 days. The main limiting factor in using satellite LST is data gaps due to the presence of clouds. The data
gap problem is particularly relevant in Northern MS, where a significant amount of clouds is present even in
the summer months. Therefore, all LST images within the aforementioned accounting period are considered,
and a median is calculated. By taking the median of the different images the influence of clouds and shadows
is removed and outliers in the form of very high and very low reflectance values are removed. In other words
only valid pixels are retained.

In this model, the role of vegetation in reducing temperature has been estimated by including tree canopy
cover (from Copernicus Tree Cover Density data) and evapotranspiration (from PML_V2 data, Zhang et al,
2019) as predictors. In fact, this model focuses on the role of trees in reducing temperature, given their higher
efficiency in cooling ambient temperature compared to other vegetation forms, such as grass (Armson et al.,
2012). However, the model estimates the temperature difference as a result of spatialy-explicit LST data,
therefore taking also into account the effect of other land cover types in reducing temperature, in an indirect
way. This means that in this modelling exercise all terrestrial ecosystem types are included for the estimation
of the service. Rivers, Lakes, Marine Inlets and Marine ecosystems are not included because the role of blue
infrastructure is not specifically analysed in this urban ecosystem accounting exercise. Since it is complex to
disentangle the contribution of assets of different ecosystem types in reducing air temperature within the
urban ecosystem, which as indicated in Chapter 3 are characterized by the presence of multiple ecosystem
types, a more conservative approach is adopted. It is assumed that all ecosystem types contribute to reducing
air temperature in an urban area, and not exclusively those located within the ecosystem type urban
Settlements and other artificial surfaces.

5.2.2.2 Results and discussion

Accounting tables for local climate regulation supply and use in urban ecosystems, aggregated at country
level, are visualised in Table 13 and 14 respectively. As showcased in Table 14 the ecosystem service use
values, are entirely allocated to households. Only for Malta (MT) it was not possible to calculate the service
due to lack of data. As showcased, in the pilot ecosystem condition accounts (Chapter 4 - Table 8), the share
of tree cover in Malta is very low in all ecosystem types inside urban ecosystems. This generates input data
issues, when calculating local climate regulation, since the method uses tree cover as a predictor. Furthermore,
evapotranspiration data is not available either. Mostly, Settlements and other artificial areas present the lower
supply values, whereas the highest can be observed for Forest and Woodlands and Inland Wetlands. The
results for Settlements and Forests are consistent with the ones for air purification and like in their case are
strongly related to ecosystem condition outputs (tree cover).
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In Figure 23, the annual average local climate regulation (°C) per ecosystem type in MS aggregated by type of
urban local administrative units (LAUs) is provided. MS are sorted from minimum to maximum values of urban
Settlements and other artificial areas. Settlements and other artificial areas display the lowest contribution,
compared to the other ecosystem types. Among MS, Settlements in Bulgaria (BG) and Iceland (1S)
display the highest values for towns and suburbs. There is no evidence of a clear pattern among local
climate regulation values observed in cities above and below 50,000 inhabitants or towns and suburbs. This
indicates a heterogeneous structure of urban green among the different MS. Urban Croplands and Grasslands
display slightly higher and similar values of cooling, ranging from 0.3 °C and up to 2 °C for urban Grasslands
in Lithuanian (LT) towns. Forests and woodlands present generally higher values, around 2 °C, but with
relatively low values in some cases such as in Cyprus (CY)' towns and in cities above 50,000 inhabitants in
Portugal (PT). Largely, relatively high values of cooling for forests and woodlands in cities above 50,000
inhabitants are observed (up to 2.7 °C in Luxembourg (LU)). It highlights the critical role of this ecosystem type
in reducing temperature even in the more urbanized and populated LAU. Urban Heatlands and shrublands,
despite less represented in the EU-27 and EFTA LAU, present the highest peaks of cooling among the
ecosystem types, with cities above 50,000 inhabitants displaying 5.5 °C of cooling, 2.8 °C in Polish cities (PL)
above 50,000 inhabitants, and 3 °C for towns in Slovakia (SK). Sparsely vegetated areas present relatively
high values of cooling and heterogeneity, whereas inland wetlands values are relatively constant among LAU
types. Coastal beaches, dunes and wetlands are also scarcely represented among LAUs but their role in
reducing temperature should not be underestimated.

In Figure 24a, spatialized local climate regulation values, aggregated at LAU level are provided. The majority
of LAU display an average cooling between 0 and 1 °C. Some LAU present an average value of cooling
equal to zero. It is particularly evident in southern LAU (e.g. Cyprus, Italy (IT)), where adverse environmental
factors such as drought might impair the efficiency of vegetation in decreasing air temperature (e.g. through a
lower evapotranspiration). However, a significant fraction of LAU present a relatively high value of cooling,
particularly in Germany (DE), Poland (PL), Italy and Bulgaria.

In Figure 24b, the average local climate regulation in urban LAUs is presented as a spatially explicit map at a
spatial resolution of 100 m x 100 m. Here, disaggregated cooling values can be observed in order to better
identify areas providing the different degree of cooling. Generally, it can be noticed how the most urbanized
areas characterized by a high degree of urban Settlements and other artificial areas present the lower values
of cooling. Instead, green spaces and vegetated areas present the highest values of cooling, as it is shown for
the case of Berlin illustrated in Figure 25. In the case of Berlin, urban green spaces provide generally lower
cooling levels respect to forest and other semi-natural areas.

In terms of policy value, this pilot illustrates that the development of urban ecosystem accounts (thematic
approach), informs on the biophysical reality of local climate regulation in urban ecosystem at local (LAU)
level. This local climate regulation model was already applied in 93 European cities in the study developed by
lungman et al. (2023), already introduced in the tree cover condition accounts (Section 4.3.3). It estimated that
increasing tree cover up to 30% would cut mortality attributed to urban heat island by one third. Those results
clearly illustrate that ecosystem services, extent and condition in urban ecosystems are tightly interrelated.
Their mix of natural, semi-natural and artificial ecosystem assets all likely contribute to the overall local
climate regulation within the areas where people live, particularly if they are characterized by high tree canopy
cover, such as forest and woodland ecosystems.
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Table 13. Supply table of local climate regulation in biophysical units (average cooling in °C) in urban local administrative
units of each MS (MS) for the year 2018. Values are rounded.

Economic Unit * Ecosystem Type **
1 2|3 |4]|5 1 2 3 4 5 6 7 8 9 |10 | 11 @ 12
©
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12 /3 |e I |B = = 3 3 =3 . o | x S | © =

E 8 £ O $ |° |9 |g | |9 |E |& |8 |= |°

£

AT 0.08 | 062 | 077 | 158 | 095 | 069 | 137 O 0 0 0 0
BE 033 /089|085 | 219 | 0.65 0 196 | O 0 0 018 | O
BG 068 089|111 |219 218 |120|232| O 0 0 |027 | O
CH 012 | 064 | 076 | 193|163 | 035|108 O 0 0 0 0
cYy 0.15 0 0 009 | 002|012 049 O 0 0 049 O
Cz 038 | 052 | 0.72 | 2.28 0 0 155, 0 0 0 0 0
DE 030|058 | 081 |220|046 | 033|142 0 0 0 |005]| O
DK 011 | 054|080 |165|079|139 127 O 0 0 |080| O
EE 034 | 042 1 025|109 | 118|170 | 004 O 0 0 |101 | O
EL 018 | 065|042 | 177|100 | 043 | 166 O 0 0 |027 ] O
ES 048 | 068 | 061 | 168 | 113|032 | 187 O 0 0 |085] O
Fl 019 | 066 | 0.88 | 0.81 0 003|039 | O 0 0 |104 | O
FR 025 | 083|106 | 207 | 107|054 147 O 0 0 |054 | 0
HR 019 | 084 | 076|167 | 072|062 161 O 0 0 |010| O
HU 049 | 101 | 075 | 1.97 0 0 176 | O 0 0 0 0
IE 0.07 | 065 | 050 | 129|116 |038 037 O 0 0 |035]| 0
IS 049 | 060 | 061 | 084 | 050 | 014 1 068 | O 0 0 |014 ] O
IT 021 | 076|102 | 237|142 | 114|165 | O 0 0 |09 | O
LI 047 | 130|190 | 238 | 167|228 211 O 0 0 0 0
LT 0.27 | 046 | 044 | 1.36 0 0 083 | 0 0 0 |008| O
LU 022|084 | 073|231 0 0 0 0 0 0 0 0
LV 047 | 059 | 063 | 1.34 0 021 053] O 0 0 |028| O
MT*** - - - - - - - - - - - -
NL 0.08 | 081 | 0.77 | 1.75 | 0.28 0 187 0 0 0O |017] O
NO 018 | 083|042 |117|031|001 065 O 0 0 |035] O
PL 025|061|100|171|169|013 136 6 O 0 0 0 0
PT 028 | 088 040|122 | 074|070 | 137 O 0 0 |150| O
RO 027 | 080 | 065 | 155|129 |091 142 O 0 0 |002] O
SE 0.03 | 046 | 058 | 088 | 076 | 046 | 030 | O 0 0 |028| O
Sl 0 086 | 097 | 159|164 |118 089 O 0 0 |026| O
SK 023 | 074|097 199|299 |160 132 0 0 0 0 0
EU 024 | 064 | 067|158 080|046 115, 0 | O | O [035| O
EIL:JTi 025|067 070|158 083|049 115, 0 | O | O |032| O

* Complete names of ecosystem types 1 = Settlement and Other Artificial Areas; 2 = Cropland; 3 = Grassland; 4 = Forest and Woodland; 5
= Heathland and Shrubland; 6. = Sparsely Vegetated Ecosystems; 7. = Inland Wetlands; 8 = Rivers and Channels; 9 = Lakes and
Reservoirs; 10 = Marine Inlets and Transitional Waters; 11 = Coastal Beaches, Dunes and Wetlands; 12 = Marine.

** Values corrected to avoid accounting incoherencies result of limitations in the spatial resolution of the input data used for the
delimitation of ecosystem types.

*** Due to lack of input data, it was not possible to calculate values for Malta.

Source: JRC analysis.
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Table 14. Use table of local climate regulation in biophysical units (average cooling in °C) in urban local administrative
units of each MS (MS) for the year 2018. Values are rounded.

Economic Unit * Ecosystem Type **

1 2 3 4 5 1 2 3 4 5 6 7 8 9 10 | 11 | 12
E| € %) . 4 T £ % | g
Z2| | 3 | = § o 2|g2 2 3 & JF & B o
SIE| § 1S 2|5 5| 282 2| 8|5 R || B e
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AT 6.06

BE 7.05

BG 10.84

CH 6.51

CY 1.36

Ccz 545

DE 6.15

DK 7.35

EE 6.03

EL 6.38

ES 762

Fl 4.00

FR 7.83

HR 6.51

HU 598

IE 477

IS 4.00

IT 953

LI 1211

LT 344

LU 410

LV 4.05

MT** 0.00

NL 573

NO 392

PL 6.75

PT 7.09

RO 6.91

SE 375

Sl 7.39

SK 9.84

EU 6.32

EU &

EFTA RCE

* Complete names of ecosystem types 1 = Settlement and Other Artificial Areas; 2 = Cropland; 3 = Grassland; 4 = Forest and Woodland; 5
= Heathland and Shrubland; 6. = Sparsely Vegetated Ecosystems; 7. = Inland Wetlands; 8 = Rivers and Channels; 9 = Lakes and
Reservoirs; 10 = Marine Inlets and Transitional Waters; 11 = Coastal Beaches, Dunes and Wetlands; 12 = Marine.

** Due to lack of input data, it was not possible to calculate values for Malta.

Source: JRC analysis.
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Figure 23a. Annual average local climate regulation (°C) per ecosystem type in MS aggregated by type of urban local administrative units (LAU) in 2018. LAU are split in: CC = cities above
50,000 inhabitants, C = cities below 50,000 inhabitants, T = towns and suburbs. MS are sorted from minimum to maximum values of settlements and other artificial areas.
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Figure 23b. Annual average local climate regulation (°C) per ecosystem type in MS aggregated by type of urban local administrative units (LAU) in 2018. LAU are split in: CC = cities above
50,000 inhabitants, C = cities below 50,000 inhabitants, T = towns and suburbs. MS are sorted from minimum to maximum values of settlements and other artificial areas.
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Figure 24. Average local climate regulation (°C) in urban local administrative units (LAU) of EU-27 and EFTA MS in 2018.
A) Values are aggregated at LAU level; B) Values are aggregated per cell of 100x100 meters.
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Figure 25. Map of the main land cover types and of the average local climate regulation in the LAU of Berlin in 2018.
Values are provided in °C and represented in cells of 200 m x 100 m

I settlements and other artificial areas

Cooling (°C)
| Green urban areas = <2 0
| Agricultural areas ENo-1
] Forest and seminatural areas [~ [
g Wetlands i 0 i 10 km s -2 0 5 10 km
Water bodies [ — -2 | S

Source: JRC analysis

5.3 Key Messages

Learnt lessons on urban ecosystem services accounts
1. Urban ecosystem capacity:

— Overcoming ecosystem capacity accounting bottlenecks, might permit to estimate sustainable
ecosystem service supply as well as to identify ecosystem condition reference levels.

2. Air purification:

— Highest values of air purification might not always represent highest ecosystem capacity, might also
represent high levels of air pollution.

— Highest seasonal values for air purification might not match highest seasonal values of particulate
matter, i.e., there might be a mismatch between when the services is more needed and when it can
be delivered.

— As expected, Forest and Woodlands are the most efficient ecosystem type in terms of particulate
matter deposition per land unit.

3. Local climate regulation:

— High resolution, spatially explicit process-based models are a suitable tool to properly estimate local
climate regulation provided by natural, semi-natural and artificial land covers within urban areas.

— Forest and Woodlands are highly efficient in reducing temperature compared to other ecosystem
types.

— Settlements and other artificial areas contribute the least to reducing temperature in LAU.

— It is necessary to consider the contribution of all ecosystem types in reducing temperature within
LAUs due to the fine-scale spatial heterogeneity which characterises urban areas.
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6 Conclusions

This research have explicitly identified conceptual and operational challenges of SEEA EA in the
application of urban ecosystem accounts, developed in this report. Many challenges originally identified
for urban ecosystems are shared with many other ecosystem types. For most challenges, potential solutions
have been also proposed based on literature and a workshop with experts. Some of those solutions have been
tested and further discussed in a pilot urban ecosystem accounting for EU-27 and EFTA Member States
presented in this report. As an overall result, this research provides useful insights for drafting urban
ecosystem accounts according to SEEA EA statistical standard. Therefore, this pilot urban
ecosystem account for EU-27 and EFTA MS can be used as an instructive example by national and
local agencies that are starting to develop this kind of accounts.

For each type of ecosystem account (extent, condition and services), main challenges are discussed before the
results of the pilots are presented. For each type of account, this research provided the following key insights:

Extent

— The policy level (e.g., national and local) and future policy uses should be clarified before selecting the
reporting unit and delimiting the ecosystem accounting areas to ensure they will fit to purpose.

— In general for EU-27 and EFTA MS, LAU as minimum reporting units are recommended when urban
ecosystem accounts should fulfil national and local policy uses.

— The difference between urban ecosystems and any kind of settlement and artificial surface, and the
implications of those differences when developing ecosystem accounts and defining ecosystem
accounting areas.

— The importance of interoperability between urban ecosystem accounts and general national ecosystem
accounts in terms of ecosystem classification.

Condition

— The relevance of social and technological factors for estimating more comprehensible urban ecosystem
condition.

— The importance of including humans and their health when evaluating and monitoring urban ecosystem
condition.

— Difficulties for the identification of meaningful reference conditions, suitable approaches and methods
for urban ecosystems.

— The use of prescribed levels should be applied with caution because different policy thresholds or
recommended levels for the same condition variable might exist, which might lead to very different
condition results

— The role of societal demand and local ecosystem capacity for the identification of reference condition in
urban ecosystems.

Services

— The importance in accounts of assessing ecosystem service demand, overuse and unmet demand to
inform more comprehensively policy making.

— The relevance of extent and condition accounting results for a full interpretation of ecosystem service
results and to avoid misleading interpretations.

— Intra-annual temporal mismatch between demand and supply of ecosystem services. For some services,
seasons with a high ecosystem service demand (e.g., poor air quality levels) have a low ecosystem service
potential. This mismatch might have implications for the selection of suitable implementation actions to
fulfil policy targets.
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Despite the useful insights and the practical value of this pilot urban ecosystem accounting, there are some
challenges that could not be discussed, or not with enough in detail, that should be further considered in
future research.

In general terms, uncertainty of ecosystem accounting results have not been discussed, neither their potential
implications for informing policies. Future researches should consider the added value of estimating
quantitatively and qualitatively uncertainty to better inform policy making.

Regarding practical bottlenecks for developing ecosystem accounting systems, only two challenges were
briefly considered. The end of Chapter 3 illustrated the importance of rules for data quality standards. The
report itself provide a new illustrative pilot that increments the available documentation on ecosystem
accounts. Future research should discuss further the relevance of upon agreed decisions on protocols and
data infrastructure and if possible propose pilot protocols and data infrastructure systems.

In terms ecosystem extent, but related to condition and services, this pilot has only tested a simple clustering
of urban ecosystems in cities (above and below 50.000 inhabitants) and towns and suburbs. However, future
works should further investigate the development of clustering urban ecosystems in sub-functional groups,
following the indicative list of clustering characteristics already compiled in the EU-wide methodology
(Vallecillo et al., 2022).

Regarding ecosystem condition, specific reference levels have not been identified, although the use of
prescribed levels from policy thresholds have been discussed. Future research should test the practical utility
of the best-attainable approach and specific methods (e.g., statistical approaches based on ambient
distributions) for estimating meaningful reference levels per condition variable and urban cluster.

The possible aggregation of condition variables into indices (per condition typology and overall) should be
investigated, pointing out to the most suitable approach depending on the targeted policies or applications.
For urban ecosystems, condition accounts have the potential to better inform ecosystem degradation,
informing also how urban ecosystems influence the condition of ecosystems elsewhere through their demand
of services. The integration of social and technological factors and learning from other lines of thoughts (e.g.,
(territorial) life cycle assessment or urban metabolism) could help on monitoring more comprehensively
ecosystem degradation.

With respect to ecosystem services, the importance of considering ecosystem capacity (potential) together
with demand has been highlighted, especially to understand sustainability issues (e.g. service overuse,
ecosystem deficit or unmet demand). However, explicit accounting tables for ecosystem service demand,
overuse and unmet demand have not been provided. Moreover, together with the research for ecosystem
condition, it should be investigated the practical feasibility of approaching ecosystem capacity from a
systemic perspective.

Finally, this research activity was focused on the biophysical ecosystem accounts. Future research should also
provide insights for accounts on ecosystem service (monetary flows) and monetary ecosystem assets. Future
research should also investigate the potential added value of complementary valuation of ecosystem services
and assets besides monetary valuation.
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Glossary

Anthropogenic ecosystems: ecosystems predominantly influenced by human activities where a natural
ecological state is unobtainable and future socio-economic interventions are required to maintain their state.

Ecosystem: is ‘a dynamic complex of plant, animal and micro-organism communities and their non-living
environment interacting as a functional unit’ (Convention on Biological Diversity, article 2, entitled ‘Use of
terms’).

Ecosystem accounting area: is the geographical territory for which an ecosystem account is compiled.

Ecosystem assets: are contiguous spaces of a specific ecosystem type characterised by a distinct set of
biotic and abiotic components and their interactions.

Ecosystem condition: is the quality of an ecosystem measured in terms of its abiotic and biotic
characteristics.

Ecosystem condition indicator: are rescaled versions of ecosystem condition variables using the upper and
lower reference levels.

Ecosystem condition variable: are quantitative metrics describing individual characteristics of an
ecosystem asset.

Ecosystem condition index (and sub-indices): composite indicator aggregated from the combination of
individual ecosystem condition indicators.

Ecosystem type: from Chapter 3 onwards, ecosystem type is used to refer to the types of the EU Ecosystem
Typology Level 1 developed by EUROSTAT.

Ecosystem sub-type: from Chapter 3 onwards, ecosystem sub-type is used to refer to a further
disaggregation of EU Ecosystem Types Level 1 (EUROSTAT) into more detailed types.

Ecosystem integrity: in natural ecosystems implies an unimpaired condition of being complete or undivided
(Karr, 1993). Ecosystem integrity making use of a traditional rationale is defined as the ecosystem’s capacity
to maintain its characteristic composition, structure, functioning and self-organisation over time within a
natural range of variability (Pimentel et al., 2000; United Nations, 2021). Ecosystems with high integrity or
condition are typically more resilient — able to recover from disturbances or to adapt to environmental
changes (Holling, 1973).

Good ecosystem condition: ecosystem is in good physical, chemical and biological condition or of a good
physical, chemical and biological quality with self-reproduction or self-restoration capability, in which species
composition, ecosystem structure and ecological functions are not impaired.

Natural ecosystems: ecosystems predominantly influenced by natural ecological processes characterised by
an ecological state maintaining ecosystem integrity; ecosystem condition ranges within its natural variability.

Reference condition: is the condition against which past, present and future ecosystem condition is
compared to in order to measure relative change over time.

Reference level: is the value of a variable at the reference condition, against which it is meaningful to
compare past, present or future measured values of the variable.

Semi-natural ecosystems: an ecosystem with most of its processes and biodiversity intact, though altered
by human activity in strength or abundance relative to the natural state.

Socio-ecological-technological systems: ‘A dynamic coherent system of biophysical, social and
technological factors that regularly interact and might be formed by several spatial, temporal and
organisational levels hierarchically linked (Adapted from Redman et al. (2004).

Urban local administrative units: local administrative units classified as “cities” or “towns and suburbs”
according to the Degree of Urbanisations (Regulation (EU) 2017/2391; EUROSTAT, 2018).
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Paper
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valuation problem: a review of the Paper
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Paper
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Design
91 Quantifying Spatla.l Heterog.ene|t.y in Pee_r— Zhou et al, 2014
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Baltimore Ecosystem Study: review
Conceptual Evolution in a Social- Paper

Ecological Research Project

102




93 ICharactenzmg and measuring urban Pegr— Stokes and Seto 2019
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Paper
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(STURLA) as an indicator of Paper
landscape function applied to surface
temperature in New York City
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Effects on the review
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Paper
100 | Measuring qrban Ian_d_scapes fo_r Pegr- Xing & Meng 2020
urban function classification using review
spatialmetrics Paper
101 | How urban dens_|f|cat|on influences Pee_r— Gret-Regamey et al, 2020
ecosystem services—a review
comparison between a temperate Paper
and a tropical city
102 | Structure of Urban Landscape and Peer- .
Surface Temperature: A Case Study review Mitz et al, 2021
in Paper
Philadelphia, PA
103 | Outdoor Atmospheric Microbial Peer-
Diversity Is Associated With Urban review Stewart et al, 2021
Landscape Structure and Differs Paper
From Indoor-Transit Systems as
Revealed by Mobile Monitoring and
Three-Dimensional Spatial Analysis
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Urban review
Structure Types Paper
105 ThermgI‘Summer Diurnal Hot-Spot Pee_r— Guerri et al., 2020
Analysis: The Role of Local review
Urban Features Layers Paper

103




Table 1.3. Key lessons extracted from the literature

Type of Study

Lessons

Source

- Urban ecosystems should include in their accounting
areas blue and green spaces beyond gardens.
- Internal division of an urban ecosystem in ecosystem

Urban Ecosys'Fem sub-types should allow reconciliation with broader EFTEC, 2017; ONS,
Accounts - United : .
) accounts (e.g. comprehensive national ecosystem 2019

Kingdom . L

accounts) to avoid double counting issues.

- Buffers around built-up areas might avoid leaving out

from accounting areas periurban green spaces.

Urban Ecosystem |~ Ownership of land (e.g. green open spaces) as an Gamasjordet et al,

Account - Oslo

(auxiliary) attribute could be valuable in the development
of extent or condition accounts

2020

Urban Ecosystem
Account - Canada
(input data analysis)

- Urban ecosystems (and their accounts) are composed by
a mix of natural and artificial features.

- Local Climate Zone classification (Stewart and Oke, 2009)
can be valuable for internal division of an urban
ecosystem in sub-types.

- The use of Earth Observation Technology as valuable
input data for enhancing the development of accounts
such as urban extent accounts.

Grenier et al., 2020

Accounting for the
ecosystem  services
delivered by nature-
based solutions -
Methodological
development

- Nature-based solutions classifications can help in the
internal split of urban ecosystems in sub-types.

- Their use would help to pre-identify in ecosystem services
accounts which ecosystem services are supplied by each
ecosystem subtype (presence/absence).

- Their use would help to pre-identify the socio-
environmental issues that each ecosystem sub-type could
address.

La Notte, 2018

- Municipal boundaries with a constraint on population

Urban Ecosystem number as an approach for defining urban ecosystem
Accounts - United accounting areas. Heris et al., 2021
States - Land cover classes as a simple way for splitting an urban
ecosystem in sub-types.
Ecosystem Extent |- Aggregation of CORINE land cover classes as a simple Petersen et al,

Accounts - Europe

way for defining broad ecosystem types

2022

Practical Guidance
Notes on Urban
Ecosystem Accouts -
Australia

- Thematic urban ecosystem accounts as an opportunity to
inform public policy related to urban planning,
management and investment decisions.

- Thematic urban ecosystem accounts might incorporate
auxiliary data such as expenditure (related to
management and restoration of urban ecosystem assets),
disservices, dependencies, socio-economic distribution of
benefits derived from services.

- Strict classification of the IUCN Ecosystem Typology
might lead to entire urban areas classified as “Urban and
Industrial Ecosystems” which would not be valuable for
analytical purposes. Instead, using IUCN Typology classes
to split the urban landscape mosaic into narrow
ecosystem types compatible with broader ecosystem
accounts (e.g. national) might be more desirable.

Cryle et al,, 2021
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Type of Study

Lessons

Source

- Several urban ecosystem accounting areas and reporting
units are possible, each of them have pros and cons and
the selection of a specific alternative depends on the
policy purposes. Four are specifically proposed in
Australia: OECD functional urban areas, city statistical
areas, urban growth boundary, and metropolitan region.

Synthetic  review -
urban characterisation

- Characterisation/clustering of urban ecosystems based on
five dimensions: compactness, centrality, complexity,
porosity, and population density.

- Use of auxiliary socio-economic variables (purchasing
power parity, telephone lines per person, vehicles per
person) for characterisation.

Huang et al., 2007

Synthetic  review -
urban characterisation

- Characterisation/clustering of urban ecosystems based on
metrics of composition and configuration of the physical
structure (landscape metrics) and socio-economic
variables such as population number and population
density

Schwarz 2010;
Lemoine-Rodriguez
etal, 2020

Synthetic review -
urban characterisation

- Review on metrics of urban characterisation.
Categorisation of them in three groups: landscape
metrics, geospatial metrics and spatial statistics.

Reis et al., 2016

Synthetic review -
urban characterisation

- Split of single urban ecosystems in sub-types (core area,
inner urban, suburban) based on the urban gradient
approach.

- Cluster urban ecosystems in groups based on their
physical compactness and population density

Dong et al, 2019;
Salvati and Sabbi,
2014; Qureshi et
al, 2014

Synthetic  review -
urban characterisation

- Split of single urban ecosystems in sub-types according
to the combination of three types of biophysical
elements: buildings, surface materials, vegetation.

- Development of a new urban land cover classification
(HERCULES) based on this approach.

Cadenasso et al.,
2013; Zhou et al.,
2014; Picket et al.,
2020;

Synthetic  review -
urban characterisation

- Split of single urban ecosystems in sub-types according
to the combination of six biophysical characteristics: tree
canopy, low-height plants, soils, water, paved surfaces,
building height.

- Development of a new urban land cover classification
(STURLA) based on this approach.

Larondelle et al,
2014; Hamstead et
al 2016, Kremer et
al., 2018; Mitz et al.
2021

Synthetic review -
urban characterisation

- Split of single urban ecosystems in sub-types according
to the combination of nine biophysical characteristics:
water area, tree area, shrub area, grass area, bare soil
area, buildings area, built surface, building height,
vegetation height.

Gret-Regamey et
al, 2020

Synthetic  review -
urban ecosystem
condition

- Proposed urban ecosystem health as an underpinning
concept for urban ecosystem condition.

- Urban ecosystem health should include the human
dimension and therefore human health.

- Proposal to find reference condition based on a
comparative assessment of existing urban ecosystem
assets and/or feasible scenarios for them.

Guo et al, 2002,
Guo 2003

105




Annex Il. Supplementary Material of Chapter 3

Table I1.1. Correspondence of CORINE land cover classes Level 3 to UE Ecosystem Types Level 1

(Task force on Ecosystem Accounting)

EU ecosystem types - Level 1

CORINE Land Cover - Level 3

01. Settlements and other
artificial areas

Continuous urban fabric

Discontinuous urban fabric

Industrial or commercial units

Road and rail networks and associated land

Port areas

Airports

Mineral extraction sites

Dump sites

Construction sites

Green urban areas

Sport and leisure facilities

02. Cropland

Non-irrigated arable land

Permanently irrigated land

Rice fields

Vineyards

Fruit trees and berry plantations

Olive groves

Annual crops associated with permanent crops

Complex cultivation patterns

Land principally occupied by agriculture, with significant areas of natural
vegetation

Agro-forestry areas

03. Grassland

Pastures

Natural grasslands

04. Forest and woodland

Broad-leaved forest

Coniferous forest

Mixed forest

Transitional woodland-shrub

05. Heathland and
shrubland

Moors and heathland

Sclerophyllous vegetation

06. Sparsely vegetated
ecosystems*

Beaches, dunes, sands

Bare rocks

Sparsely vegetated areas

Burnt areas

Glaciers and perpetual snow

07. Inland wetlands

Inland marshes

Peat bogs
08. Marine inlets and Intertidal flats
transitional waters* Estuaries

09. Rivers and canals

Water courses

10. Lakes and reservoirs

Water bodies

11. Coastal beaches, dunes
and wetlands*

Beaches, dunes, sands

Bare rocks

Salt marshes

Salines

Coastal lagoons

12. Marine ecosystems

Sea and ocean

*The land cover classes “bare rocks” and “beaches, dunes, sands” does not have a univocal correspondence, since those
classes can correspond to “06. Sparsely vegetated ecosystems” and “11. Coastal beaches, dunes and wetlands” depending

on contextual factors. The additional allocation rules applied to those CORINE land cover classes are described below.
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Additional allocation rules for assigning “bare rocks” and “beaches, dunes and sand” to “06.
Sparsely vegetated ecosystems” or “11. Coastal beaches, dunes and wetlands” in this technical

report.
Both CORINE land cover classes are allocated to “11. Coastal beaches, dunes and Wetlands” when certain

conditions regarding distance from “Sea and Ocean” CORINE land cover classes are fulfilled. Those conditions
are explained below per each land cover class.

Bare rocks

When “bare rocks” are in a distance from “Sea and Ocean” CORINE land cover classes below or equal to 200
meters, they are allocated to the ecosystem type “Coastal Beaches, Dunes and Wetlands”.

Beaches, dunes and sand

When a contiguous area of “beaches dunes and sand” is in a distance from “Sea and Ocean” CORINE land
cover classes below or equal to 200 meters, partially or completely, they are allocated to the ecosystem type
“Coastal Beaches, Dunes and Wetlands”. In this case, the allocation rule is made for an entire contiguous area
of cells and not individual cells. This because coastal dune systems in many cases extend beyond 200 meters.
Therefore, it is enough that part of the cells forming a contiguous area of “beaches dunes and sand” are
inside the 200 meter threshold.

As indicated in Section 3.1., the allocation rules described above are a specific output of this report and are
not representative of final allocation rules endorsed by the Task force on ecosystem accounting, since they
were still in discussion during the development of the research activity associated with this technical report.

Rules applied to refine Local Administrative Units (LAU) classified as DEGURBA Class 1 (cities)
and 2 (towns and suburbs)

1) LAU below 1000 inhabitants were removed.

They were not representing towns, sometimes were classified as “towns and suburbs” because were adjacent
to LAU classified as towns and the last raster cell classified as a town at raster level was partially in this LAU.
Other times it was not clear why they were classified as “towns and suburbs”, since there was not even a real
settlement on some of them. Above values of 1000 inhabitants, LAU were in many cases correctly classified,
they were just very small. It was not possible to move beyond this threshold without removing LAU that were
correctly classified as towns.

2) LAUs with a Population Density below 10 inhabitants/km2 were removed

Some LAU are very large, especially in the north of Europe (e.g., Sweden) and few parts of Southern Europe
(e.g., Spain). In Sweden, they contain clearly small settlements that in practice are towns (10.000-20.000
inhabitants), but in zones that occupy less than 10% of an entire LAU. Then, those LAU might appear to policy
makers and other stakeholders to be classified as “cities or “towns and suburbs” by mistake due to inherent
constraints of the original method. Consequently, tests showed that adding a threshold of 10 inhabitants/km2
permits to remove those LAU.

3) DEGURBA classes were recalculated to spot mistakes: every LAU that did not appear as Class 1 (cities) or 2
(towns and suburbs) were removed

Making use of GEOSTAT 2018 population dataset at 1 km resolution, the Degree of Urbanisation classes at
raster level and then its classification of LAU at vector level were recalculated. This refinement intended to
remove LAU still misclassified after steps 1 and 2. The intention was to remove all the LAUs that appear as
Class 3 (rural). This recalculation, identified LAU classified as “towns and suburbs” that were in fact “rural”.
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Figure I1.1. Urban Ecosystem Accounting Area for EU-27 and EFTA MS differentiated by type of urban LAU

(cities above 50.000 inhabitants, cities below 50.000 inhabitants, towns and suburbs)
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Annex Ill. Supplementary Material of Chapter 4

Table I11.1. Brief description and justification of the selection of condition variables for urban ecosystem accounts.

Condition Variable | Description and justification

Imperviousness is a well-known variable of ecosystem degradation, since it seals the
soil and limits functions such as the infiltration of water. It has also been widely
demonstrated its direct relationship with an increase of land surface temperature,
and consequently, intensification of urban heat island effect, especially during warm
months (Marando et al., 2022). Imperviousness is a consequence of the expansion of
built-up areas, which are needed to provide houses and infrastructure to people. For
this reason, the suggested variable measures the level of imperviousness in relation
to the population size (impervious area per capita). Imperviousness data is derived
from reliable and accurate remote sensing imagery (High Resolution Layers of
Copernicus product), covering the whole EU with comparable time series. Population

Imperviousness
per inhabitant:
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Condition Variable

Description and justification

data used to estimate imperviousness per capita is derived from the GEOSTAT 1x1
km population grid provided by Eurostat, providing also spatially accurate and
reliable data to be used consistently at EU level.

Waste generated
per inhabitant

Waste generation is related to the rate of urbanization, the population density, the
types, and patterns of consumption, household revenue, size, and lifestyles (Maes et
al,, 2020a). Monitoring or estimating changes in material consumption would provide
a better understanding of the amount of resources demanded by inhabitants in
urban ecosystems, and therefore the environmental pressure generated by them on
the condition of ecosystems on which they are dependent. The indicator is measured
per inhabitant to better acknowledge unit of demand (citizen), to ensure a fair
comparison among urban ecosystems of different sizes (population) and facilitate
definition of reference levels broadly applicable to urban ecosystems independently
of their size. Calculation of this variable disaggregated by category of waste,
material or waste treatment, disaggregation available at country level, might provide
relevant additional details. Currently, data at EU level are only available per country,
which is a too coarse spatial resolution for a detailed urban assessment. Data
disaggregated by local administrative unit (LAU) would be required instead.

Normalised
Difference
Moisture Index

Vegetation functional status can be influenced by natural factors (e.g. drought), or
human activities (e.g. urban green management or air pollution). Functional status of
vegetation is strongly linked to water availability. A higher water availability is
usually related to a higher ecosystem function, and to an enhanced capability to
provide ecosystem services. Remote sensing indices that estimate the water content
in tree canopies, such as NDMI (Normalised Difference Moisture Index), or other
plant/soil water content indices, are widely used and can detect early or ongoing
water stress in vegetation, therefore indicating a worsening or an improvement of
the functional status of vegetation. NDMI is derived from Near Infra-Red and Short-
Wave Infra-Red satellite bands and can be easily calculated from Landsat images at
no cost.

Noise pollution
exposure

Noise pollution negatively influences human activities (e.g. learning) and human
health. It also negatively influences fauna physiology, behaviour, and reproduction,
including those species already present in urban or peri-urban areas (Newport et al,,
2014). In the case, of urban ecosystems both aspects are relevant, since humans are
the species for excellence inhabiting this ecosystem and fauna is already highly
pressured in urban ecosystems and surrounding ecosystems (which could be also
impacted by noise from urban areas). In this sense, monitoring noise pollution
provides valuable data to understand urban ecosystem condition, including the one
of humans inhabiting this ecosystem. However, there is not consistent available
noise monitoring data and yet the possibility to model it in a consistent way for the
entire EU (with the aim to inform policy making). The only available dataset updated
every five years is the large-scale assessment data reported at agglomeration level
as a response to the Environmental Noise Directive. This variable cannot be
disaggregated by ecosystem asset (ecosystem subtypes) within urban ecosystems.

Air pollutants
concentration (NO,
PM1g, PMzs, O3, SO,
CO)

To maintain urban ecosystem health, it is essential to keep air pollution levels as low
as possible. The five pollutants used in the European Air Quality Index are here
proposed. Carbon monoxide (CO) is also added to these five pollutants since it is
considered in other air quality indexes (e.g. air quality index developed by the United
Stated Environmental Protection Agency), and therefore its monitoring is also
recommended. High levels of air pollution are still a main cause of premature
human death and chronic illness negatively influencing human quality of life. High
levels of air pollution also contribute to damage the health of terrestrial plants,
which is observable as an increased defoliation, poorer crown condition (in woody
plants), higher probability of insect damage. Air pollution also causes the reduction
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Condition Variable

Description and justification

of terrestrial plant species richness, including lichens and mosses, since those
resistant to high levels of air pollution are more advantaged (Bignal et al., 2007).
Data on air pollutant concentration can be derived from EMEP and CAMS products at
0.1°, which could be later downscaled to 1x1 km resolution using ground-monitoring
station data provided in the annual air quality statistics repository of the European
Environment Agency. The air quality database contains validated air quality
monitoring information for more than 30 participating countries throughout Europe.
Every year countries report air quality measurements for a set of pollutants at a
representative selection. Data are validated, sources are reputable and provide
reliable data continuously updated over time. The monitoring of air pollution at 1 km
resolution provides spatially accurate data to be used consistently at EU level.

Soil organic
carbon stock

Soil organic carbon, among other processes, influences soil structure and availability
of energy and matter for soil microorganisms and macroinvertebrates, as well as
organic bound nutrients in the soil (Billings et al., 2021). It indirectly influences net
productivity of land plants since they are dependent on the presence of nutrients,
macroinvertebrates and soil microorganisms that through a cascade of processes
make nutrients bioavailable for plants and mobilise those along the soil profile. In
addition, soils with higher levels of organic carbon provide increased resilience to
extremes of weather (i.e. droughts, floods). Consequently, soil organic carbon has a
relevant role in the functioning of terrestrial ecosystems, including urban
ecosystems, and the derived ecosystem services. In this context, it is well understood
that soils with low organic carbon stocks struggle to provide a balance of ecosystem
services. Currently, in the case of urban ecosystems there is a gap regarding soil
data, since monitoring schemes are not systematically developed, while remote
sensing products do not have the necessary spatial resolution or spectral
characteristics to capture soil condition. Moreover, biogeochemical models on soil
organic flows (e.g. RothC) are being developed to inform the dynamics of other
ecosystems but are difficult to be used for policy purposes since results are difficult
to be validated due to the use of theoretical carbon pools instead of real
monitorable pools. Finally, soil carbon stocks are expressed for a reference depth of
soil. IPCC Guidelines measure carbon stocks to a default depth of 30 cm.

Heavy metals in
soils (As, Cd, Cr, Cu,
Hg, Pb, Mn, Sb, Co, Ni,
Zn)

While low levels of heavy metals are required in the form of micro-nutrients for
good ecosystem functioning, high levels are of concern. Heavy metals cannot be
easily degraded and are sometimes difficult to be stabilised or to be modified to
reduce the associated risks. Moreover, heavy metals tend to bio-accumulate in many
trophic chains, with a long-term risk for the local biota and humans (Briffa et al.,
2020). In the case of urban ecosystems, heavy metals are of special concern
because they are a consequence of past and present commercial and industrial
activities and transport. Currently, as explained in soil organic carbon for urban
ecosystems there is a gap regarding soil data.

Autochthonous
woody vegetation
species (or
functional trait)
richness:

It represents the amount of native tree or shrub species (or their functional traits)
present in an area. Species (or trait) richness is positively correlated to ecosystem
health and function (Tilman, 1997). Higher levels of species richness are linked to
higher ecosystem stability and resilience. EU-Forest Dataset (JRC) and local urban
tree inventories are suitable sources of information on the amount and distribution
of native tree species. It is necessary to carefully evaluate the spatial resolution of
the analysis, as the relation between richness and ecosystem function is scale
dependent.

Urban bird species
richness

Presence of specific species of birds and their richness has already been used as a
variable informing about good ecological condition of urban areas (Morelli et al,
2021). In this sense, a condition variable measuring urban bird species richness
among a predefined set in European urban areas might be useful to inform on
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Condition Variable

Description and justification

ecological condition for animal biodiversity in a broad sense. Additionally, there are
already pilot studies relating species richness in urban areas to positive effects on
human mental health (Methorst et al, 2021). Beyond species richness, other
indicators are currently being tested in pilot studies for urban areas to provide
biodiversity indicators more robustly related to the condition of ecosystems (Zulian
et al,, 2022b).

Pressure by
invasive alien
species on urban
ecosystems

The pressure by IAS on ecosystems has a potential negative effect on their condition
due to the increased threat (PySek et al., 2020). Pressure by IAS can be measured as
the cumulative pressure exerted by IAS based on the sum of their occurrence in an
area, weighted by the extent of the ecosystem(s) potentially affected. This
cumulative pressure indicator was developed for the EU ecosystem assessment
(Maes et al., 2020a) using species records from the baseline distribution of IAS of
Union concern available on the European Invasive Species Information Network
(https://easin.jrc.ec.europa.eu/easin/Documentation/Baseline). It will be possible to
infer trends in relation to the baseline of IAS when the EU MS second reporting
under the IAS Regulation becomes available in 2025.

Greenness -
annual max NDVI

Greenness is defined as the amount of vegetation present in urbanised areas. This
variable has been used to identify urban green spaces and changes in vegetation
cover (Zulian et al, 2022a). Specifically, change in vegetation cover is used as
‘structural ecosystem attribute’ to analyse urban ecosystem condition. Gradual and
abrupt changes in greenness are used as a proxy of an improvement or worsening
of the amount of vegetation cover in urban areas. In particular, based on the
direction and intensity of the change, it is possible to discriminate between gradual
changes, likely due to vegetation growth, land degradation, or drought as well as
other factors, and abrupt changes, usually induced by land use change or shifts in
urban green space management, as well as extreme events such as fires or climatic
conditions. Greenness is estimated calculating the highest value of NDVI of the year,
therefore is always indicative of the maximum vegetation growth (influenced by
intra-annual phenological variations).

Tree canopy cover

‘Urban tree canopy cover’ means the total area of trees in an urban area, calculated
based on the Tree Cover Density data, as provided for by the Copernicus Land
Monitoring Service, representing the ‘vertical projection of tree crowns to a
horizontal earth’s surface. Trees and other woody plants along streets and in public
squares and car parks as well as private gardens contribute to biodiversity and
provide habitat for wildlife and supporting pollination. The link between the
abundance of tree canopy cover and several ecosystem services (such as air
temperature mitigation, runoff prevention and air quality regulation) is well
established in literature. An increase in tree canopy cover is indicative of an
improvement of ecosystem condition, whereas a decrease can be indicative of
ecosystem degradation (for natural or anthropogenic causes). High quality
Copernicus satellite data is already available going back to 2000 and will be
available every three years at high-resolution scale at 10m2 level of detail. This data
can very easily be set over urban areas and it is available online.

Green spaces per
total urban area
and/or green
spaces per
inhabitant

(Modified with
respect to the EU-

‘Urban green space’ is the proportion of existing green infrastructure in an urban
area. Specifically, Urban green spaces correspond to any piece of urban land covered
with mosses and lichens, herbs, shrubs, or trees, which do not correspond to
commercial arable land. Urban green spaces can be of public, semi-private, or
private ownership and be present in land of different built-up character (e.g. ground
open space, building rooftop, building fagcade). Urban green spaces can generate a
substantial range of social, environmental and economic benefits for urban citizens,
whilst also providing protection against the effects of climate change. As urban
green spaces are the basic building blocks of urban ecosystems, measuring and
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Description and justification

wide Methodology)

monitoring variations in % of the total urban area represents the fundamental
variable of urban ecosystem condition.

Semi-natural and
natural riparian
land cover

Riparian zones are transitional environments (ecotones) that provide a wide range of
services and functions, such as air and water filtration, flood control and habitat
maintenance. Riparian zones are key components of the green-blue infrastructure,
and exert an essential role in sustaining biodiversity and ecosystem integrity, as well
as in minimizing pressures (Clerici et al,, 2014). Nevertheless, riparian zones are also
highly vulnerable and susceptible to anthropic pressure and are easily degraded,
involving alterations in the hydrologic regimes and species composition. Due to the
multitude of benefits that semi-natural and natural riparian land covers deliver to
humans and the urban ecosystem as a whole, and their linkage with overall
ecosystem health, their presence can be considered as directly correlated with urban
ecosystem condition.

Plant
evapotranspiration

It is the amount of water evaporated from the soil and vegetation in a given amount
of time. It is a proxy of water status and reflects vegetation physiological status. In
case of vegetation stress, the rate of gas exchange between the plant and the
atmosphere usually decreases as a result of a reduction of water availability or an
impairment of photosynthetic rate, or as a change in climatic and environmental
conditions (Fusaro et al,, 2015). It can be derived from models such as the PML_V2
Penman Monteith Leuning model (Zhang et al., 2019), available at 500 m spatial
resolution every 8 days. However, it is uncertain how often it will be updated in the
upcoming years.

Integrity
(coherence) of the
green network

Integrity is defined as the degree of connectedness of all green spaces in a given
space and time, and it can be regarded as an additional metric to measure
ecosystem connectivity, whose relationship with condition is well established (Correa
Ayram et al., 2016). It describes the status of a given network of green spacs. The
increase in integrity is a measure of the success of a restoration scenario (i.e.
increase in size, consistency, and number of green spaces patches). An increase in
integrity is indicative of an increase in condition (higher coherence, connectivity),
whereas a decrease will be indicative of a worse condition (fragmentation,
deterioration). The quantitative variable values and their change (before/after) are
also usually applied to serve compelling arguments to define and defend the most
cost-efficient restoration scenarios. Moreover, it is critical to quantify temporal
progress towards policy goals and the final overall success of a restoration project.
Integrity is calculated using urban green spaces as input data.

Fragmentation of
the green network
at Fixed

Observation Scale

Landscape fragmentation is usually defined as the splitting of a habitat or
ecosystem asset into smaller pieces. In landscape ecology, it is commonly accepted
that landscape fragmentation can be assimilated to the inverse of structural
connectivity, i.e,, the degree to which a landscape mosaic does or does not facilitate
the movement of species among patches. In this case, it is also assumed that
fragmentation represents the inverse of structural connectivity. With Frag-FOS the
level of structural connectivity of the network of natural and semi-natural
vegetation patches (e.g. linear features, small woody patches and large forested
areas) in urban areas can be measured. Since fragmentation/connectivity depends
on the scale- of observation, a suitable, fixed observation scale must be chosen to
capture and quantify the degree of connectivity. Consequently, the analysis scheme
FOS (Fragmentation at Fixed Observation Scale), measuring fragmentation in five
categories from highly fragmented to little fragmented is proposed. Fragmentation
values can be measured at the patch level. The methodology is based on geometric
principles only; as such, it can be applied to any natural and semi-natural vegetation
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raster maps, independent of spatial resolution. In contrast to many existing
fragmentation schemes, the outlined methodology provides a normalised index
quantifying fragmentation within the range of 0-100 %. This metric can be
measured via the freeware Guidos Toolbox (Vogt et al., 2022).

Riparian
fragmentation

As previously described for the ‘semi-natural and natural riparian land cover
variable, riparian zones exert key function and provide essential services. However,
not only their presence and abundance are indicative of good ecosystem condition,
but also their connectivity. High levels of lateral and longitudinal semi-natural and
natural riparian land covers regulate the changes in matter, energy and biota
(Fernandes et al., 2016). Euclidean Nearest Neighbour of semi-natural and natural
riparian land covers informs about the distance to the nearest patch of the same
land cover class or group of them (Babi Almenar et al., 2019). This variable will help
to monitor changes in the structural connectivity of the semi-natural and natural
riparian land covers in a simple and cost-efficient form. In terms of input data, the
same sources of the variable ‘semi-natural and natural riparian land cover’ can be
used, from where distances between patches can be calculated.

Patch richness or
Shannon Diversity
Index (SHDI) of
land cover types

Natural and semi-natural land cover richness (heterogeneity) and its proportion
(amount) in the total extent of an ecosystem accounting area inform about the
capacity of a system to contribute to species richness and their abundance (Silva et
al., 2015). It is also expected that higher levels of natural and semi-natural land
cover diversity would contribute to maintain a more diverse set of ecological
processes and functions and therefore a more diverse set of derived ecosystem
services. Moreover, high levels of land cover richness or diversity are associated with
a general positive human (visual) perception of the surrounding landscape
(independently of cultural legacy) and might contribute to the supply of cultural
services such as outdoor recreation activities. The above attributes together with the
easiness to measure diversity (SHDI) or richness of land cover and communicate it to
policy makers made this variable suitable to monitor landscape characteristics
contributing to urban ecosystem condition. In terms of resolution, there is available
spatial data generated by reputable sources (Copernicus Land Project) at an
adequate temporal (every 6 years) and spatial resolution (100 to 10 m) for the
entire EU.

Source: Modified from EU-wide Methodology (Vallecillo et al., 2022)

Table 111.2: Core land cover components present in any type of urban green space. These land cover
components can be located in any ecosystem type present in an urban ecosystem.

Component Definition Urban Green Spaces in which can be
present*
High-growing |Perennial woody plants with single or|Forests, transitional woodlands/scrubland, parks,

woody plants
(trees)

multiple self-supporting stems, smaller
branches and shoots growing to a
considerable height (usually above 5
meters). It can be evergreen or deciduous
with needle leaf, broadleaf or palm leaf.

gardens (public or private), urban
farm/horticultural land (sparsely), tree-lined
streets, tree streets, urban meadows or

grasslands (sparsely), sparsely vegetated areas,
green roofs (intensive), raingardens (sparsely).

Low-growing
woody plants
(shrubs,
bushes)

Perennial woody plants with multiple
stems arising at or near the base, which
usually grows to a height below 5 meters.
It can be evergreen or deciduous with
needle leaf, broadleaf or palm leaf.

Forests, transitional woodlands/scrubland, parks
(independent of its size), gardens (public or
private), urban farm/horticultural land (sparsely),
urban hedges, urban meadows or grasslands
(sparsely), sparsely vegetated areas, green roofs
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(intensive or semi-intensive), raingardens.

Permanent Non-woody vegetation cover persistent|Forests, transitional woodlands/scrubland, parks
herbaceous |over the year (i.e., no bare soil occurs in|(independent of its size), gardens (public or
any seasons). Its attributes might change|private), urban farm/horticultural land, urban
over the year. It can have different types|hedges, urban meadows or grasslands, sparsely
of management (e.g, unmanaged,|vegetated areas, green roofs (extensive, semi-
intensively managed). intensive, intensive), green walls, raingardens,
swales, constructed or natural wetlands.
Non- Non-woody vegetation cover that is not|Forests, transitional woodlands/scrubland, parks
permanent persistent over the year (i.e, bare soil|(independent of its size), gardens (public or
(periodical) occurs in one or more seasons). Its|private), urban farm/horticultural land, urban
herbaceous |attributes might change over the year. It|hedges, seasonal meadows, wet grasslands,
can have different types of management|sparsely vegetated areas, green roofs (extensive,
(e.g., unmanaged, intensively managed). [semi-intensive, intensive), green walls,
raingardens, swales, retention ponds, constructed
or natural wetlands.
Permanent Persistent non-vascular vegetation cover |Forests, transitional woodlands/scrubland, parks
non-vascular |over the year, i.e.,, composed of mosses |(independent of its size), gardens (public or
plants and lichens). It is rarely present in urban |private), sparsely vegetated areas, green roofs
(mosses and  [ecosystems, but it might occur in LAUs in {(moss roofs), green walls.
lichens) northern Europe and in artificial urban

green spaces such as green roofs (moss
roofs).

* In some cases, components might appear in a sparse form (e.g., trees in grassland). Not always core land
cover components are present in the types of urban greens spaces in which they can be present.

Source: JRC own elaboration

Table I111.3; Descriptive list of common types of urban green space present in European urban ecosystems. The
list is based on the urban green space classifications and descriptions included in Babi Almenar et al. (2021),
Castellar et al. (2021) and FAO (2016). The urban green space types represented have been also identified in
the H2020 projects Nature4Cities, UnaLab, UrbanGreenUp and ThinkNature.

Types

Description

Alternative names

Green Roofs

A vegetated area that is implemented on the rooftop of
buildings. They are usually classified as extensive, semi-|
intensive and intensive based on the depth of its
substrate and weight.

Common land cover components per sub-type:

. Extensive: Mosses, permanent herbaceous and
non-permanent herbaceous.

. Semi-intensive: Permanent herbaceous, non-
permanent herbaceous, low-growing woody plants
(shrubs)

o Intensive:  Permanent  herbaceous, non-

permanent herbaceous, low-growing woody plants

Intensive/semi-intensive green roof;
Roof garden; Roof park; Public
Intensive  Green  Roof,  Social
Intensive Green Roof; Vegetated
roof, Living roof, Smart roof;
Biodiversity roof; Eco systemic roof;
Constructed wet roof, Green
covering  shelters; living roof;
\vegetated roof; moss roof

(shrubs), high-growing woody plants (trees)
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Types

Description

Alternative names

Green facades
& green walls

A vertical vegetated area composed of climbing plants
growing along a wall (in building facade or other types of]
walls). The wall can be covered partially or completely
with vegetation. The vegetation can be planted onto
different structures (e.g., ground, containers, the wall
itself) and depend on multiple types of supporting
structures (e.g., vertical panels, trellis).

Common land cover components:

Mosses, permanent herbaceous and non-permanent
herbaceous.

Climber green wall; Ground-based

green-wall; Green climber wall;
Green wall with ground-based
greening;  Climber plant  wall;

Ground-Based Green Facade with
Climbing Plants; Soil-based green
facade; Hydroponic green facade;
Facade-bound greening, Facade
bound green wall; Living wall
Continuous green wall; Plant wall
system; Green facade with vertical
panels; Greening vertical panel;
\Vertical greening panel; Wall-based
green facade

Raingardens

A small-vegetated area placed in a shallow depression
designed to collect, filter, store, and infiltrate urban
stormwater runoff. The soil usually includes layers of
sandy soil to facilitate infiltration and mulch to promote
microbial activity.

Common land cover components:

Permanent herbaceous and non-permanent herbaceous,
shrubs and (sparse) high-growing woody plants (trees)

Infiltration garden; Rainfall garden;
\Water control garden, Floodable
garden, Bioretention filter,
Bioretention area, Bioremediation
wet retention. Bioretention facility

Swales /An open vegetated channel designed for treatment and |Grassed swale; Green drainage
conveyance of stormwater runoff. It might be lined or  [corridor; Vegetative filter;
unlined and it usually has banks with a gentle slope. \Vegetated Bioswale; Bioswale
Common land cover components:

Permanent herbaceous and non-permanent herbaceous

Floating Small artificial floating platforms vegetated with aquatic |-

wetlands emergent plants, which are usually placed in urban river
stretches or other waterbodies. The platforms can be
aggregated forming larger structures.

Common land cover components:
Permanent herbaceous and non-permanent herbaceous

\Wetlands- A permanently or intermittently wet areas, shallow Planted horizontal/vertical filter

Constructed, [water, and land water margins that are vegetated which [Helophyte filter; Root-zone

natural and [can be of natural, naturalized or constructed. Wastewater Treatment; Natural

naturalized [Constructed wetlands are human-made wetlands used tolwastewater treatment; Treatment
depurate waste water and stormwater. Naturalized wetlands; Artificial Wetland;
wetlands are human-made wetlands that mimic the Subsurface constructed wetland;
structure and process of natural ones, whose main scope |[Planted sand/soil filters;
is not water depuration.
Common land cover components:
Permanent herbaceous and non-permanent herbaceous

Community  [A permanent or seasonal public urban vegetated area  [Community garden, allotment(s);

gardens & dedicated to the cultivation of vegetables, fruits and community allotment(s); urban

orchards flowers. It can be private, public or semi-public. allotment; Urban garden/gardening;

Common land cover components per sub-type:

. Orchards: High-growing woody plants (trees),
low-growing woody plants (shrubs)

. Gardens: Permanent herbaceous and non-

Urban agriculture; Urban farm;
Multi cultivated gardens; Edible city
solution; Semi- subsistence garden,;
Food growing area; Community
Growing Spaces; Community

orchard; Community urban orchard;
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Types Description Alternative names
permanent herbaceous Allotment orchard; Food forest
Urban (peri- [Forests and woodlands in (and surrounding) towns and  |Group of trees; Wood; Urban

urban) forests
and

cities that can provide goods and services such as wood,
fibre, fruit, other non-wood forest products, clean water,

woodland; Arboreal areas around
urban areas; Arboreal urban parks;

woodlands recreation and tourism Arboretum;
Common land cover components:
High-growing woody plants (trees), low-growing woody
plants (shrubs). It can include as low-vegetation layer
permanent herbaceous and non-permanent herbaceous.
Transitional |A vegetated area formed by herbaceous, scrublands and|-
urban (peri- [occasional scattered trees. It can represent a young
urban) forest development or form the edge of forested areas.
woodlands

Common land cover components:

Permanent herbaceous and non-permanent herbaceous,
low-growing woody plants (shrubs), (sparse) high-
growing woody plants (trees).

Urban parks

Publicly accessible large vegetated areas (>0.5 ha)
within a city with a variety of land cover and at least
partly equipped with facilities for leisure and recreation
(FAO 2016).

Common land cover components:

Permanent herbaceous and non-permanent herbaceous,
low-growing woody plants (shrubs), high-growing woody
plants (trees).

Large urban park; Urban park;
Public park; Park; Green Park;
Residential Park; Greened
recreation areas/regional parks;
Green resting areas; City park

Pocket parks

Publicly accessible small vegetated areas (<0.5 ha)
within a city equipped and at least partly equipped with
facilities for recreation/ leisure, (FAO 2016).

Common land cover components:

Permanent herbaceous and non-permanent herbaceous,
low-growing woody plants (shrubs), high-growing woody
plants (trees).

Small Park; Neighbourhood park;
Landscape park; Empowerment
Park; Pocket parks (FAO, 2016)

Lined urban
trees

A linear vegetated area where trees are the dominant
land cover, which is usually placed in (or adjacent to) a
public square, thoroughfare, street, road or similar. In
some cases, they can form part of other urban spaces
such as vacant lands, cemeteries, sport areas,
biodiversity agricultural land. It can include other land
cover components as understory. It can be single-lined
(in one side of the street) or double-lined (both sides of
the street.

Common land cover components:

High-growing woody plants (trees)

Tree-lined streets, boulevard,
alleys.

Individual
urban trees

Small vegetated area formed by an individual tree as
dominant land cover, which is usually placed in (or
adjacent to) a public square, thoroughfare, street, road or
similar. In some cases, they can form part of other urban
spaces such as vacant lands, cemeteries, sport areas,
high biodiverse agricultural land. The tree is not close
enough to others to form a group or a tree-lined street.
Common land cover components:

High-growing woody plants (trees)

Street trees
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Types

Description

Alternative names

Urban and
(peri-urban)
Grassland &
Meadow

/An open and continuous vegetated area formed by
herbaceous plants, in (and surrounding) towns and cities.
It can be of different sizes and might be present inside
other green spaces or informal urban spaces such as
\vacant lands or peri-urban agricultural areas. In some
cases, it can be used as filter strips in the adjacency of
waterbodies. Urban meadow usually suggest presence of
wildflowers, more species diversity and non-intensive
managements.

Common land cover components:

Permanent herbaceous and non-permanent herbaceous,

Wet Meadow

A shallow impound vegetated area that temporarily
detains water, or it is below the phreatic level, remaining
periodically or seasonally saturated with water.

Common land cover components:

Permanent herbaceous and non-permanent herbaceous

Urban (peri-
urban) moors
& Heathland

A vegetated area formed by low and closed cover
dominated by bushes, shrubs, dwarfs shrubs and
herbaceous plants. It can be of different sizes and might
be present inside other green spaces or informal urban
spaces such as vacant lands.

Common land cover components:

Permanent herbaceous and non-permanent herbaceous,
low-growing woody plants (shrubs),

Private
gardens

A vegetated area of private ownership adjacent to
private houses/buildings of residential or corporative
character. The land can be privately owned or rented. The
plants are cultivated mainly for ornamental purposes or
personal food production.

Common land cover components:

permanent herbaceous, non-permanent herbaceous,

Residential garden; House garden

Public
gardens

A vegetated area of public ownership adjacent to schools
or other public buildings

Common land cover components:

Permanent herbaceous and non-permanent herbaceous,
low-growing woody plants (shrubs), and (sparse) high-
growing woody plants (trees).

Heritage
gardens

A vegetated area of historical character and importance
that preserve outstanding social, cultural, aesthetic or
scientific values.

Common land cover components:

Permanent herbaceous and non-permanent herbaceous,
low-growing woody plants (shrubs), and (sparse) high-
growing woody plants (trees).

Heritage park/garden; Historical
park/garden

Other urban
green spaces

Any vegetated area in (and surrounding) towns and
cities, which does not fit any of the previous types of
urban green spaces and it does not correspond to
commercial arable land. It should be formed of at least

one of the core land components described in Table 1.

Source: JRC own elaboration
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Annex IV. Supplementary Material of Chapter 5

Figure IV.1. Visualisation of monthly LAl data gaps present in December 2018 to illustrate the two main types of LAI
data gaps (winter and urban gaps) in EU-27 and EFTA countries. The LAl data gaps presented are those that remain after
mosaicking data from MODIS (MCD15A3H Version 6.1) and Global Copernicus datasets.
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GETTING IN TOUCH WITH THE EU
In person

All over the European Union there are hundreds of Europe Direct centres. You can find the address of the centre nearest you online
(european-union.europa.eu/contact-eu/meet-us_en).

On the phone or in writing

Europe Direct is a service that answers your questions about the European Union. You can contact this service:
— by freephone: 00 800 6 7 8 9 10 11 (certain operators may charge for these calls),

— at the following standard number: +32 22999696,

— via the following form: european-union.europa.eu/contact-eu/write-us_en.

FINDING INFORMATION ABOUT THE EU
Online

Information about the European Union in all the official languages of the EU is available on the Europa website (european-
union.europa.eu).

EU publications

You can view or order EU publications at op.europa.eu/en/publications. Multiple copies of free publications can be obtained by
contacting Europe Direct or your local documentation centre (european-union.europa.eu/contact-eu/meet-us_en).

EU law and related documents

For access to legal information from the EU, including all EU law since 1951 in all the official language versions, go to EUR-Lex
(eur-lex.europa.eu).

Open data from the EU

The portal dataeuropaeu provides access to open datasets from the EU institutions, bodies and agencies. These can be
downloaded and reused for free, for both commercial and non-commercial purposes. The portal also provides access to a wealth
of datasets from European countries.
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