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Abstract

This report presents an ecosystem assessment covering the total land area of the EU as well as the EU marine
regions. The assessment is carried out by Joint Research Centre, European Environment Agency, DG Environment,
and the European Topic Centres onlBgical Diversity and on Urban, Land and Soil Systems.

This report constitutes a knowledge base which can support the evaluation of the 2020 biodiversity targets. It
also provides a data foundation for future assessments and policy developments, in platiwith respect to the
ecosystem restoration agenda for the next decade (202030).

The report presents an analysis of the pressures and condition of terrestrial, freshwater and marine ecosystems
using a single, comparable methodology based on Europeta on trends of pressures and condition relative to
the policy baseline 2010.

The following main conclusions are drawn:
1 Pressures on ecosystems exhibit different trends.

1 Land take, atmospheric emissions of air pollutants and critical loads of nitrogendecreasing but the
absolute values of all these pressures remain too high.

1 Impacts from climate change on ecosystems are increasing.

1 Invasive alien species of union concern are observed in all ecosystems, but their impact is particularly
high in urkan ecosystems and grasslands.

1 Pressures from overfishing activities and marine pollution are still high.
1 Inthe long term, air and freshwater quality is improving.

1 In forests and agroecosystems, which represent over 80% of the EU territory, there ga@u@ments in
structural condition indicators (biomass, deadwood, area under organic farming) relative to the baseline
year 2010 but some key bigndicators such as treerown defoliation continue to increase. This
indicates that ecosystem condition is nwhproving.

1 Speciesrelated indicators show no progress or further declines, particularly in agroecosystems.

The analysis of trends in ecosystem services concluded that the current potential of ecosystems to deliver timber,
protection against floods, cm pollination, and naturdased recreation is equal to or lower than the baseline
value for 2010. At the same time, the demand for these services has significantly increased. A lowered potential
in combination with a higher demand risks to further decredke condition of ecosystems and their contribution

to human weltbeing.

Despite the wide coverage of environmental legislation in the EU, there are still large gaps in the legal protection
of ecosystems. On land, 76% of the area of terrestrial ecosystermainly forests, agroecosystems and urban
ecosystems, are excluded from a legal designation under the Bird and Habitat Directives.

Freshwater and marine ecosystems are subject to specific protection measures under the Water Framework and
Marine Strategy Framework Directives. The condition of ecosystems that are under legal designation is
unfavourable.

More efforts are needed to bend the curve of biodiversity loss and ecosystem degradation and to put ecosystems
on a path to recovery.

The progress that isnade in certain areas such as pollution reduction, increasing air and water guality, increasing
share of organic farming, the expansion of forests, and the efforts to maintain marine fish stocks at sustainable
levels show that a persistent implementatioof policies can be effective. These successes should encourage us
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Executive summary

Background and context
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recreation, suffer from unrelenting pressures caused by intensive land or sea use, climate change, pollution,
overexploitation ad invasive alien speciegnsuring that ecosystems achieve or maintain a healthy state

or a good condition is thus a key requirement to secure the sustainability of human activities and

human well -being. This guiding principle applies for all ecosystemscliuding marine and freshwater
ecosystems, natural and senmatural areas such as wetlands or heathlands but also managed ecosystems such
as forests, farmlands and urban green spaces.

Knowledge about ecosystem condition, the factors that improve or dedivat condition, and the impacts on
ecosystem services, with the benefits they deliver to people, is key to effective management, deaisking

and policy design. Such an understanding helps target actions for conservation or restoration and moreybroadl
sustainable use.

The Biodiversity Strategy to 2020 includes the development of an integrated framework to monitor whether the
actions undertaken are delivering on the grourithis assessment presents the changes in pressures and
ecosystem condition in t he EU and its marine regions using the year 2010 as a policy baseline. The
following ecosystems are analysed: urban ecosystems, agroecosystems (croplands and grasslands), forests,
wetlands, heathlands and shrub, sparsely vegetated lands, rivers and laded, marine ecosystems. The
assessment is based on the best available European data. In addition, this report contains crosscutting
assessments on climate change, invasive alien species, landscape mosaic, soil and ecosystem services.

General results

Marine ecosystems are the most extended ecosystem type in the EU (5.8 milliof). Kbm land (4.4 million kin
according to the Corine Land Cover data 2018), forests (36%) and cropland (36%) are the dominant ecosystem
types in the EU, followed by grasslands (11%)yban areas, (5%) heathlands and shrub (4%), rivers and lakes
(2.5%), inland wetlands (2%) and sparsely vegetated land (1.5%). In terms of land cover changes, the extent of
most ecosystem types has reached a rather stable value over the last 10 yearstdpam urban areas, which
increased in size with a rate of 3.4% per decade. Agroecosystems, inland wetlands, heathlands and shrub slightly
decreased since 2010 (<1% per decade).

Despite the wide coverage of environmental legislation in the Hldre are still large gaps in the legal
protection of ecosystems. On land, 76% of the area of terrestrial ecosystems, mainly forests, agroecosystems
and urban ecosystems, are excluded from a legal designation under the Bird and Habitat Directives. Freshwater
and marne ecosystems are subject to specific protection measures under the Water Framework and Marine
Strategy Framework Directive$he condition of ecosystems that are under legal designation is largely
unfavourable . This conclusion is based on the data fromceat reporting from the Member States on the
conservation status of habitats, and the chemical and ecological status of water bodies. The share of habitats
that reaches a favourable conservation status remains very low and varies between 3 and 25%. The cha
freshwater bodies reaching at least a good chemical status is 36%, the share of freshwater bodies reaching at
least a good ecological status is 39%.

The analysis of trends in pressures on ecosystems shows a mixed picture. Despite declining tréamuls fake,
atmospheric emissions of air pollutants and critical loads of nitrogen, the absolute values of all these pressures
remain high and further reductions are needed. Impacts from climate change on ecosystems are increasing. Of
specific concern ar¢he rising land and sea surface temperatures, the reduction in effective rainfall, the higher
incidence of extreme drought events and the further acidification of marine ecosystems relative to the 2010
baseline values. Invasive alien species of union concare observed in all ecosystemslheir impact is
particularly high in urban ecosystems and grassland®hen considering habitatprotected by the Habitats
Directive, invasive alien species of union concern are most often reported by member states#tal habitats,
followed by forest and freshwater habitatPressures from overfishing activities and marine pollution are high,
leading to degradation and loss of marine biodiversity and habitats. Despite downward trends of emissions of
nitrogen and phosphumis to the environmentthe combination of these pressures and their possible
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interactions with climate change and the further spread of invasive alien species are causing serious
nbl _[ n ni nb_ ?20%m \ci*cp_I mecns [h” _]imsmn_gm(

The analysis of trends in awsystem condition delivers also a mixed outcome. In the long team,and
freshwater quality is improving . In forests and agroecosystems, which represent ove¥a3tf the EU territory,
there are improvements in structural condition indicators (biomassadieood, area under organic farming)
relative to the baseline year 2010 but some key bindicators such as treerown defoliation continue to
increase. This indicates thacosystem condition is not improving . Species-related indicators show no
progress or further declines, particularly in agroecosystems.

The analysis of trends in ecosystem services concluded thatcurrent potential of ecosystems to deliver

timber, protection against floods, crop pollination, and nature based recreation is equal to or | ower

than the baseline value for 2010. At the same time, the demand for these services has significantly
increased. A lowered potential in combination with a higher demand creates risks of further eroding the condition
of ecosystems and their contributioto human weltbeing.

Results per ecosystem type

Forests cover about 36% of the EU land area and are the most important reservoir of terrestrial biodiversity.
Forest habitats protected under the Habitats Directive cover 28% of the total forest area. Witisrarea, only
14.1% of forest habitats are in a favourable conservation status . Forests are exposed to major
pressures. Changes in climate and forest cover loss (due to wildfire, storms, harvesting) have been increased
notably. Likewise, pollutants remrai concern even if the trends point in the right direction. Invasive alien species
and insect infestations are a serious concern. Toendition of forest is, on average, considered as
degraded. For example, one out of four trees (25%) shows defoliatiovells indicating damage. Additionally, the
trend in defoliation is upward, resulting in further degradation. Ohtween 2% and 4% of forests are
primary forests undisturbed by man. The abundance of common forest birds did not show significant
changes in the longerm. A 3% decrease was reported since 1990 and 4% since 1980. Some indicators point in
the right direction: forest area, biomass (growing stock), productivity, and dead wiuel ratio between forest
available for wood supply and protected forests in the EU is 6:1f@aach square kilometre of protected

forests there are six square kilometres of potentially productive forest land

Agroecosystems cover about 8% of the EU &nd area (364% cropland and 1% grassland). They include
land area under agricultural management: annual and permanent crops cultivation, land temporarily fallow,
horticulture, pastures, meadows and natural grasslands, as well as s&hiral habitats sich as field margins,
hedges, grass strips, lines of trees, patches of uncultivated land. Grassland habitats protected under the Habitats
Directive cover 46% of the total grassland area. Within this arealy 14.3% of grassland habitats are in a
favourabl e conservation status and 83% of habitats dependent on adequate agricultural
management are in inadequate conservation status.  Pressures on agroecosystems are still high . At EU

level, gross nitrogen balance is stable at 50 kg/ha, pesticide sales remaianstant but high level of 38@00
tonnes/year, the consumption of mineral fertilisers has increased by 15% in 10 years. Improvements are
recorded in a diminishing atmospheric nitrogen deposition and nitrogen concentration in ground water but
nutrient levels remain too high. The impact of climate change is multiple: longer growing season, increasing
number of summer days, increasing frequency of drought events, increasing temperatures in winter. In summary,
there is evidence of a northwards migration ofjeo-climatic zones (100 km in 10 years; replacement of West
Continental zone by the Atlantic Zone). Eighteen square meters of agricultural land is lost per second to
urbanization in the EUStructural condition indicators  (landscape mosaic, crop diversishare of dominant

crop, high nature value farmland, and share of protected agroecosysteans)stable ; organic farming has
notably increased reaching 7.03% of the utilized agricultural ar@he farmland bird index and the
grassland butterfly index show a further loss (long -term changes of -13.5% per decade and -21.6%

per decade respectively). Since the start of the observations in 1990, the farmland bird index declined with
33% and the grassland butterfly with 39%.

Heathlands and shrubs cover about 4% of the total EU land area; this is less than 10% of their estimated area
in 1800. Almost 70% of the total area of heathland and shrub are habitats protected under the Habitats
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Directive.Only 14.3% of heath and scrub habitats and 21.2% of sclerophyllous scrub s habitats are in
favourable conservation status. In the most recent period, the level of pressures is slowing down. Land take
mainly from construction and mining decreased with 68% relative to the baseline year 2010 (with 36% relative
to 2000). Atmosphed nitrogen deposition dropped by 22%. Howevelpw and chronic nitrogen input might

still affect ecological functions as heathlands are very sensitive to eutrophication . There is an
increasing trend in fires (also used in management). The coverage ofhteaads by protected areas remains
stable with 41% of their area covered. The condition of heathlands and shrubs remains stable for 70% of their
area.

Sparsely vegetated ecosystems (covered by bare or sparsely vegetated rock, lava, ice and snow of cliffs,
screes, caves, volcanoes, glaciers and siimhds, dunes, beaches and sand plains) cover about 1.5% or the total
EU land area. Of this area, 54% coincides with habitats protected under the Habitat Dire25ivi8 of rocky

habitats is in favourable conser vation status. Pressures are, on average, declining with notable less land
take. Their level of protection is relatively high (53% of the area) while the condition remains largely unchanged.

Inland wetlands (peatlands and marshes) cover about 2% of the Hdhd area but an extended wetlands
definition that also includes coastal wetlands and other wet ecosystems yields a percentage that is four times
higher.Wetlands represent the ecosystem with the worst condition in Europe . Although all wetlands are
proteded by the Habitats Directive, only 10.7% of bogs, mire and fens habitats is in favourable conservation
status. There is no evidence that pressures and condition are improving. For example, changes in precipitation
and rising temperatures are contributirtg declining wetlands condition and they impact their capacity to provide
key ecosystem services, among others namely carbon retention and flood regulation.

Urban ecosystems cover about 5% of the EU land area but their immediate impact stretches well hdytheir
boundaries. Therefore, the system of functional urban areas, which cover 22.5% of the EU land area, was used in
the assessment to analyse trends in pressure and condition. Urban ecosystems are experiencing increasing
pressures. The trends in cottidh of urban ecosystems suggest degradatiddrban expansion occurs at the

cost of agroecosystems and natural areas such as forests

Rivers and lakes cover about 2.5% of the EU land area. Including riparian areas in the delineation of rivers and
lakes results in a coverage of 7.5% of the EU land area. Of this extended area, 22% consists of freshwater
habitats protected by the Habitats Directive. Theash of freshwater habitats in favourable conservation status

is 18.4%. Only 36% of water bodies is in good chemical status; 39% of water bodies is in good or high ecological
status. The resulting conclusion is that a large part of rivers and lakes are not in a good condition. The
assessment finds that while some pressures have decreased, showing the effectiveness of policy
implementation, the level of anthropogenic pressures on aquatic ecosystems remains high, thus hindering their
recoveryln particular, r iparian habitats are impacted by land take

Marine ecosystems outnumber terrestrial and freshwater ecosystem in terms of their extent. Nine percent of
the EU marine regions is covered with coastal and marine habitats protected under the Habitats Ditmatitres
number of habitats in favourable conservation status is particularly low (2.9%). Just over 70% of the habitats is
in an unfavourable conservation status; the remaining share has an unknown status. Climate change is affecting
all European seas. Datgaps limited the analysis of trends in the inputs of nutrients, contaminants and litter. EU
fishing is becoming more sustainable, but many stocks are still overexploRegssure from fishing activities

is high in the Mediterranean Sea and Black Sea while there is a decrease in the fishing pressure in the North
East Atlantic Ocean and the Baltic Sea, with recovery of some stocks. There was insufficient monitoring data to
infer conclusions about invasive alien species. The assessment of trends in ecosgstedition suffered from
substantial knowledge gaps with respect to terrestrial and freshwater ecosystems. In particular, there was a
significant disparity in knowledge and data availability (monitoring) for the North East Atlantic Ocean and Baltic
Sea vesus the Mediterranean and Black Sea.

Soils\' m> "nodh\o”_ oj “jg m /[/',0."+/2 fh- ja oc  @P%¥n
commonly referred to as peatlands, account for around 6.5% of the soil area. The remaining 93.5% are mineral
soils. Soils are under pressufeom urban expansion (resulting in soil sealing and loss of function), intensive
agriculture (resulting in compaction, loss of organic matter, loss of biodiversity, contamination, and increased soil
erosion) and industrial @lution (from both local and diffuse sources). This assessment reports trends for two key
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soil indicators: soil erosion and soil organic carbon. The stesrh soil erosion rates in 2016 show a limited
decrease of 0.4% in all lands and 0.8% in arable lancbmpared to 2010. Longerm trends (20062010) report

a stronger decrease in soil erosion by water, falling by 9% in all lands and 19% on arable land (driven largely by
the implementation of erosion reduction measures under the common agricultural politgweversoil erosion

by water across the EU (2.45 tonne per ha per yeai¥ above accepted soil formation rates  (between 1.4

and 2 tonne per ha per yearwhich means that the soil ecosystem will continue to degrade . Mineral
cropland soils exhibit théowest soil carbon stocks of all land cover types apart from artificial areas and may
already have reached a minimum equilibriu@roplands and grassland soils exhibit a slight decrease in

soil organic carbon stocks between 2009 and 2015 of about 0.06% and0.04% respectively, but with
marked regional differences.

Next steps

More efforts are needed to bend the curve of biodiversity loss and ecosystem degradation and to put
ecosystems on a recovery path . The progress that is made in certain areas such @dlution reduction,
increasing air and water quality, increasing share of organic farming, the expansion of forests, and the efforts to
maintain marine fish stocks at sustainable levels show that a persistent implementation of policies can be
effective. These successes should encourage us to act now and to put forward an ambitious plan for the
m nojm\odji ja @pmjk Yn ~~jntno hn)

This report is a first but necessary step to better describe and understand the condition and trends of
ecosystems. It delivers hasis for future assessments based on available European datasets. All indicators for
which trends have been analysed are delivered with an indicéot sheetand with the option to use the data

for further work.

This report used 2010 as a policy bags against which changes in pressures and ecosystem condition are
evaluated. Howeversubsequent work is needed to set a reference condition to compare the past,

current or future condition of ecosystem and to decide on a favourable target value . Such an
evaluation should ideally be based on a minimum set of key indicators which capture the full breath of
ecosystem condition and which can be used to monitor ecosystems over time. It also requires a scientifically
robust aggregation scheme or decision framesk for aggregating different indicators into a single conclusion
about the condition of ecosystems.

The capacity of the EU tmonitor biodiversity and ecosystems needs to be enhanced . A better biodiversity

and ecosystem monitoring system is essential mly to support possible legislation on ecosystem restoration
but also to help implement existing legislations and better connect existing actions that are dependent on
knowledge about key biodiversity and ecosystem parameters.

Increased monitoring of biiversity and ecosystems requires an updated data infrastructure that allows access
to a wide variety of information sources that produces regular updates on pressures, biodiversity, ecosystem
condition and ecosystem services. An international frameworkdi@anizing ecosystem data is currently under
revision and once ready can be used as a standard within the EU. The System of Environmental Economic
Accounting, Experimental Ecosystem Accounting defines an integrated statistical framework for organising
biophysical data, tracking changes in ecosystem extent, condition and services and linking this information to
economic and other human activities. This standard, which is relevant for both public and corporate accounting
systems to facilitate sustainablenvestments, is essential to mainstream biodiversity and ecosystems in the
reference scenarios and models used for policy and decisi@king on climate, agriculture, energy, or transport.
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How was the assessment organised? The ecosystem assessment is dgsed in four main parts: 1) thematic

ecosystem assessments, 2) crosscutting assessments, 3) an integrated assessment and 4) integrated nafratives
on key policy issues. The thematic ecosystem assessments describe the trends of the condition of different
ecasystem types. The crosscutting assessments feed the thematic assessments with specific datasets but also
provide a standalone analysis on their topic. The integrated assessment presents a summary of the different
assessments. Concrete examples or stong$ (integrated narratives) show how the knowledge generated by this

assessment can support policies and existing gaps emphasising need for action.

Thematic ecosystem assessments: Area, pressures and condition trends, synthesis, knowledge gaps, policy options

Agro- “ Y
Urban ecosystems Heathlands sparsely Rivers and
(cropland Forests vegetated Wetlands
ecosystems and shrubs lakes
and lands
grassland) N\ J

4

Integrated ecosystem assessment Integrated narratives on key policy issues (examples)

* Legal gaps in protection of ecosystems Closing the Co-benefits of orima C::tr:ﬁzﬂtr;g
* QOverlap between ecosystems (urban, wetlands) pollination gap wetland and ol?— S ——
* Trendsin ecosystem condition and pressures of Lo i sl EIER growth response of
E Fevimhen through local key nature- - e e
EYIDOUCYLTCIEIOS restoration based solution P

* Next steps for condition assessment chimate change

{ g

Cross-cutting ecosystem assessments: Pressures, condition and services across ecosystem types

Invasive . Ecosystem Services: Crop provision — Timber provision —
. Landscape mosaic . o ) :
alien Soil Pollination — Global climate regulation — Flood control —
i (coherence) X
species Nature-based recreation

How were the trends in pressures and ecosystem condition analysed? The different thematic ecosyste

assessments used indicators to analyse trends in the pressures on ecosystems and in ecosystem conditiorm. Every

pressure and condition indicator used in this assessment has been analysed for-sdrart(since 2010) and
long-term trends (before 2010). The agssment teams investigated the presence of upward (improvement
downward (degradation) or no trends (no change). The analysis was based on relevance of the change (g
higher than 5% over 10 years) and statistical significance. Each indicator wae aubject of a confidence
analysis, to determine how reliable the data lend themselves to making statements about the trend
ecosystems.
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1 Introduction
Authors : Joachim Maes (JRC.D.3), Anne Teller (ENV.D.2), Markus Erhard (EEA)

1.1 Context

1.1.1 The EU Biodiversity Strategy to 2020 and Action 5

In 2011 the European Union adopted a Biodiversity Strategy to 2020 (European Commission, 2011) with the aim

to halt the loss of biodiversity and ecosystem services in the EU and help to stop global biodiversity los20y 20

It reflected the commitments taken by the EU in 2010, within the international Convention on Biological Diversity

(CBD). The strategy introduced an ecosystems framework to biodiversity policy under its target 2 complementing

the efforts to conservethr\ o~ i © _ ¢\ ] doVlon Vi _ nk>"~d> n) O\mb o - no\o
are maintained and enhanced by establishing green infrastructure and restoring at lea% &% degraded
"Ajntno’ hn)

Action 5 of the Strategy, better known as MappingdaAssessment of Ecosystems and their Services (MAES),

nolo n YWH h] m No\o n' rdoc oc”™ \\nndnoli”™" ja oc” >jhh
their services in their national territory, assess the economic value of such services, antbp the integration
ja oc  n° g\'gp " n di o] \r""rjpiodib Vi _ m kjmodib ntno’ hn

started on 22 September 2011 with a stakeholder workshop in Brussels.

Assistance of the Commission as stated in Action 5 cosgsia supplementary EWide ecosystem condition and

service assessment, the objective of this report. Additionally specific actions were set up, together with the
Member States, scientific experts and stakeholders to put the ambitions into practise arehsare a better
protection of ecosystems and their services. These actions include the Horizon 2020 research project ESMERALDA
(Burkhard et al., 2018) to provide methodology and case studies for ecosystem service assessments and the
Knowledge Innovation Bject on an Integrated system of Natural Capital and ecosystem services Accounting in

the EU (KIRNCA) coordinated by Eurostat to develop an ecosystem accounting framework and pilot accounts.

In the same period, several countries were performing national ecosystem assessments using the framework of
the Millennium Ecosystem Assessment (MA, 2005) or The Economics of Ecosystems and Biodiversity (TEEB,
2010). Importantly, also the Intergovernment&iciencePolicy Platform on Biodiversity and Ecosystem Services
(IPBES) was founded in 2012. Clearly, all these initiatives could kick start the science and policy needed to
develop a joint EU approach to policy relevant ecosystem assessment.

MAES has dalered several key outcomes. A first major outcome constitutes a series of reports that help Member
States and stakeholders carry out a national ecosystem assessment (see references to the MAES reports)
together with a first overview on pressures and cotiains linked to the migterm review of the Strategy (EEA,
2016). The main outcomes are an agreed analytical framework including standards and indicators for mapping
ecosystem condition and ecosystem services. The conceptual framework is linking biogliterpitople and is

used as a common integrated ecosystem assessment framework. Standards include a typology of ecosystems
(including seven terrestrial ecosystem types, one freshwater type and four marine types) and a typology for
ecosystem services, whiddlows for inclusion in accounting frameworks (i.e. CICH& Common International
Classification of Ecosystem Services ). Guidance on indicators is available for assessing ecosystem condition and
ecosystem services per ecosystem type.

A second achieveant is the wide implementation of this guidance in all the Member States, despite its voluntary
nature. Implementation in EU countries has been followed on a regular basis using a set of 26 indicators that
measured progress on the scientific and policy dpments of MAES at national level (European Commission,
2019). The level of implementation of Action 5, measured in September 2019, is over 70 percent overall.

A third key outcome has been the guidance on how to integrate ecosystem knowledge colleated Action 5 in
different policies at EU and national level. More specifically, guidance has been developed to mainstream green
infrastructure and ecosystem services into decision making (European Commission, 2019).

What is still missing is a final assessent of the state and trends of ecosystems at EU aggregated level using
the MAES analytical framework as method to make this evaluation. They key question is how ecosystems have
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changed over the last decades as a response to pressures and how have thasgehimpacted people through

the altered delivery of ecosystem services. This report fills this gap. This report is providing the evidence base for
the final evaluation of the EU Biodiversity Strategy to 2020 at EU level due in December 2020, whichsaéiési
whether the foreseen actions have been effective and targets met.

1.1.2 What do we know about the state and trends of ecosystems in Europe?

Since 2010, new evidence on the state and trends of ecosystems in Europe and globally has been revealed. First
and foremost, IPBES has carried out a series of global and regional assessments to understand the state of
biodiversity and the ecosystem services it provides to society. A special report analysed the situation in Europe
and Central Asia (IPBES, 2018) relatit® a baseline situation in 1970. The authors concluded that the
biodiversity in Europe and Central Asia is in continuous strong decline. The extent of natural ecosystems
decreased, in particular of wetlands that suffered a decline of 50%. Also natural sewhinatural grasslands

and coastal marine habitats have been degraded. Ecosystems have considerably declined in terms of species
diversity. Landscapes and seascapes have become more uniform in their species composition and their diversity
has been reduce.

The main driver of these processes is land/sese change as a result of more intense agriculture, forestry and
fisheries and ongoing urbanisation. The impact of climate change on biodiversity and ecosystem services is
increasing rapidly, especially imarine ecosystems and is likely to be one of the most important drivers in the
future. Trends in natural resource extraction, pollution and invasive alien species have led to considerable
declines in biodiversity and ecosystem services, and are likelycdotinue to pose considerable threats,
particularly in combination with climate change (IPBES, 2018).

The dire picture on the state and trends of biodiversity and ecosystems is confirmed by other European
assessments carried out as part of the obligatiomsder several environmental EU directives. Member States

have to report every six years the state of nature under the Birds and Habitats directives. The European
Environment Agency collects and reports these assessments in a state of nature report (EEB),. e
assessments report for the period 2002012 assigns a favourable conservation status to only 16% of the
c\]dolon) 22r ja oc @P%¥%n hjno gpgi m\]J]g ™ c¢c\V\]dolon \ m’
score slightly better. 23% 02665 EU regional species assessments (excluding birds) delivered a favourable
conservation status. Bird species are considered in a separate assessment foreseen under the Birds Directive.
Whereas 52% of bird species assessed have a secure population iftthestill 17% are threatened and 15% a

near threatened, declining or depleted population (EEA, 2015).

Freshwater ecosystems are not only covered by the Habitats Directive but are also the subject of dedicated
legislation under the Water Framework Diregi(WFD). The latest assessment results indicate that arounth 40

of surface waters (rivers, lakes and transitional and coastal waters) are in good ecological status, and énly 38
are in good chemical status (EEA, 2018).

1.1.3 The European Green Deal and the EUBiodiversity Strategy to 2030

In December 2019 the European Commission proposed a European Green Deal (European Commission, 2019). It
sets Europe to a path towards climate neutrality by 2050 and defines actions to reach that goal. Preserving and
restoringecosystems is central to the Green Deal. On 20 May 2020, the Commission adopted an EU Biodiversity
Strategy for 2030 (European Commission, 2020). The strategy presents an ambitious agenda on bending the
trend in biodiversity loss with increasing emphasis ecosystem restoration. Ecosystems are seen as solutions,
not only to protect biodiversity but also to enhance carbon uptake and contribute to climate change mitigation a
well as to deliver essential benefits to people, agriculture, and the economy (MadsJacobs, 2017). The UN
declared the next decade as the decade of ecosystem restoration. A key objective of the 2030 Biodiversity
Strategy is to set up an EU Nature Restoration Plan. This plan proposes to carry out an impact assessment for
legally bindig EU nature restoration targets. These targets need to factor in baseline data and reference levels
of the condition of ecosystems. The impact assessment will also look at the possibility of awidi)
methodology to map, assess and achieve good conditddrecosystems so they can deliver benefits such as
climate regulation, water regulation, soil health, pollination and disaster prevention and protection.
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1.1.4 Why this assessment?

This ecosystem assessment extends and complements the knowledge we have abostateeand trends of
ecosystems reported under the EU environmental legislation, supplementary to the national assessments
performed by the Member States as requested in Target 2 Action 5 of the EU Biodiversity Strategy to 2020. The
conservation of habitad and species as well as the environmental ambitions on freshwater and marine
ecosystems have a wellefined thematic and geographical scope. This assessment goes beyond covering the
entire terrestrial and marine territory of the EU and in many cases pitesimore spatially explicit information.
Ecosystems inside and outside protected areas such as coastal and inland wetlands and forests contribute to the
wellbeing of people through ecosystem services. Despite their importance, they are often heavily é&dp=ud
bringing these systems back in a good condition is a key objective for a more sustainable planet, as reflected by
the sustainable development goals (United Nations, 2019). But also human dominated ecosystems such as
farmlands and urban green spacemre important providers of provisioning, regulating and cultural ecosystem
services and can host remarkable levels of biodiversity that are at the basis of ecosystem services. These
ecosystems should not be ignored when considering solutions to bend thee af biodiversity loss (Mace et al.,
2018).

Consequently, this assessment brings together for the first time EU wide and commonly agreed data sets that
can be used to assess the state and trends of ecosystems and their services as well as the pressigréisedr
trends they are exposed to. This is particularly important to understand where and how much ecosystems are
degraded and threatened so as to guide priority and ceffective restoration efforts.

1.2 Policy questions

This ecosystem assessment servawo main policy requests: (1) provide an evaluation of the headline
biodiversity target of the EU Biodiversity Strategy to 2020 in general and of Target 2 in particular and (2) provide
a baseline and trend, as well as support to the definition of good gstem condition for the EU Biodiversity
Strategy for 2030.

Providing support to the above formulated policy requests requires specifying in more detail the questions that
this assessment needs to address:

1 What is the current condition of the different ecpstem types in the EU and how has this condition
changed relative to the 2010 baseline?

1 What are the different pressures that affect the condition of ecosystems in the EU and how have they
changed relative to the 2010 baseline?

1 What are the current level®f services provided by ecosystems; what is the use of these services and
how have ecosystem service potential, use and demand changed relative to the 2010 baseline?

1 What are possible synergies and traddfs between ecosystem services and how can futurelipy
decisions e.g. sectoral decisiomaking be informed to ensure optimal outcome to enhance biodiversity.

Providing answers to these questions required a joint approach with researchers;pdatéders, stakeholders

and policymakers at EU level. So régusciencepolicy meetings were held to ensure the policy relevance of the
entire exercise and in particular the indicators and underpinning datasets that have been used to map and assess
the pressures on ecosystems, ecosystem condition and ecosystenicestvlhe involvement of stakeholders has
also allowed for the operationalisation of methodological concepts and work.

It is important to stress again that this assessment will take full account of the data reported under the EU
environmental legislation ad be consistent with the outcomes of the related assessments of status and
pressures under these reporting obligations (e.g. EU State of Nature, State of European Waters, State of European
Seas).

The outcome of this assessment could contribute to ongoasgessments in support of the global Sustainable
Development Goals (UN, 2019) and objectives in relation to a joint agenda on biodiversity and climate change.
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1.3 Geographical coverage

The geographical coverage is the territory of 28 (EU and the UK) and the EU marine regions. The collection of
datasets to map and assess ecosystem condition, pressures and ecosystem services as outlined in the chapters 3
to 5 of this report will cover his territory.

1.4 Outline of the report and timeline of the assessment

1.4.1 Outline

Following this introduction, Chapter 2 sets the assessment framework with definitions, the concept, the working
approach and its limitations.

Chapters 3, 4 and 5 report the assasent results. The status and trends of ecosystems in Europe have been
assessed using an indicatdrased approach with indicators that are regularly updated from 2010 to 2020,
underpinned by spatialhexplicit or EU aggregated datasets collected at Europesaale, which were severe
limitations to their selection. These chapters use a common reporting format and contain {sgEgific
messages that can be considered for the post 2020 biodiversity policy.

Chapter 3 (Thematic ecosystem assessments) deliversetof in-depth assessments per ecosystem type. For
each MAES ecosystem type, a separate assessment has been performed: urban ecosystems, agroecosystems
(including croplands and grasslands), forests and other woodlands, heathlands and shrub, sparsdabtacge
lands, wetlands, rivers and lakes and marine ecosystems. Every assessment reports changes in ecosystem extent,
pressures and condition relative to 2010 or conditionally on data availability for a longer timeframe if respective
information was availate.

Chapter 4 (Crossutting ecosystem assessments) includes strategic reports on invasive alien species, climate
change, landscape mosaic, and soil. These assessments are relevant for all ecosystems and are related to
processes that can be assessed origher spatial scale than the scale at which ecosystems are assessed.

Chapter 5 (Ecosystem services) quantifies six ecosystem services at European scale and shows how the potential
of ecosystems to deliver services, the demand for services set by soaaty the actual use of services have
changed.

Chapter 6 provides an integrated assessment based on a synthesis of the findings in chapters 3 and 4. The
chapter analyses the changes in ecosystem extent, pressures and condition comparing different ecosystam

Chapter 7 contains integrated narratives which provide concrete examples or story lines that show how the use
of data collected under this assessment can support specific policies.

Chapter 8 contains the conclusions and key messages.

A separate suplement to this report contains additional metadata, data and analyses for the different indicators
of this report.

1.4.2 Timeline

The starting shot for the EU wide ecosystem assessment was given on 25 September 2018 at the 16th meeting
of the MAES Working Grpuwith the presentation of a scoping paper (Maes et al., 2018). The first draft
assessment chapters (Chapters 3, 4 and 5) were presented in Helsinki in December 2019 at a high level
conference of the first EU wide ecosystem assessment organised by thadrirfresidency of the Council of the

EU. A scientific and policy review and the subsequent revision of these chapters took place during the first
semester of 2020.
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Contributing Authors : Sophie Condé (ETC/BD), Sara Vallecillo (JRC.D.3), JasedoRBIRC.D.1), Maria Luisa
Parracchini, Andrea Hagyo, Carlo Rega (JRC.D.5), Grazia Zulian, Chiara Polce, Georgia Kakoul&dRCIRJ2.D.3

Olga Vigiak, Bruna Grizzetti, Francesca Somma, AvinAddamo (JRC.D.2), Peter Vogt, Aeiauri (JRC.D.1),

Marco Trombetti, Dania Abdul Malak, Ana I. Marin (ETC/ULS), Eva lvits (EEA), Balint Czacz (JRC.A.5), Fernando
SantosMartin (ETC/BD)

2.1 Introduction

This chapter describes the processes and working methods, implemented to ensure a consistent reporting of the
condition of Europe's ecosystems and ecosystem services.

The EU wide ecosystem assessment evaluates the state of Europe's ecosystems and their services based on an
analysis of available data. The assessment covers the whole2BUtkrritory, including the Eltharine regions.

The assessment is based on a list of policy relevant indicators for ecosystem condition and ecosystem services
commonly agreed with key stakeholders from Member States and European Commission and is organised along
a series of thematic asessments per ecosystem type and cresstting assessments across different
ecosystems.

This chapter contains more details about the design of the assessment, the underlying analytical framework, and
the practical implementation. In addition, it providg@gormation about the common methods that have been
pn°_ oj _ "mdg “~ji”*gpndjin \]jpo oc nolo  \i _ om i _n

2.2 Scoping

The ecosystem assessment was prepared with a scoping paper (Maes et al., 2018) which developed proposals
and working @proaches for a joint EU wide ecosystem assessment to be finalised by the end of 2019. This paper
summarised the conclusions of the third Joint MAES INKIAeting in Ispra, Italy on 17 and 18 July 2018. The
paper described the scope of the assessment, ligited several scientific, technical and policy challenges that

can be encountered in the assessment and made proposals for addressing these issues.

The scoping paper was presented and discussed with Member States and Commission services at the 16th
meeting of the working group on Mapping and Assessment of Ecosystems and their Services (MAES) on 25
September 2018 in Brussels. A reviewed scoping paper and a more detailed approach to assess different
ecosystem types were discussed at a reality check meetimgneeting with different units of DG Environment
giving the opportunity to policymakers to critically examine the proposals, raise comments and express possible
concerns.

The following questions and requirements had to be addressed by the ecosystenssssat:

1 What is the current condition of the different ecosystem types in the EU and how has this condition
changed relative to 20107

1 What are the different pressures that affect the condition of ecosystems in the EU and how have they
changed relative t®0107?

1 What are the current levels of ecosystem services provided by ecosystems; what is the use of these
services and how have ecosystem service potential, use and demand changed relative to 20107

1 What are possible synergies and tradadfs between ecosystm services and how can future policy
decisions e.g. in sector areas be informed to ensure optimal outcome to enhance biodiversity?

1 MAES: Mapping and Assessment of Ecosystems and their Services; INCA: Integrated system for Natural Capital
and ecosystem services Accounting;
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1 The collection of datasets to map and assess ecosystem condition, pressures and ecosystem services
needs to cover the territy of EU28 and the EU marine regions.

1 The first results of the assessment need to be available as of December 2019.

1 The outcome of the ecosystem assessment needs to be relevant for Action 6 of the EU Biodiversity
Strategy to 2020 which aims to set priorés for green infrastructure and ecosystem restoration.

1 The data collected during this assessment have to constitute a baseline for the post 2020 biodiversity
policy of the EU and its Member States.

1 The assessment has to take full account of the data refal under the EU environmental legislation
and be consistent with the outcomes of the related assessments of status and pressures under these
reporting obligations. This is particularly evident for the assessments carried out under the Habitats
Directive.

1 The outcome of this assessment should contribute to ongoing assessments in support of the Sustainable
Development Goals and objectives in relation to a joint agenda on biodiversity and climate change as
outlined in the EU Biodiversity Strategy for 203B{ropean Commission, 2020).

Meeting these requirements needed a joint approach with researchers,-pladeiders and policymakers at EU
level. Whereas these questions can be addressed independently, a common synthesis and an integrated
assessment are mandary to make this exercise relevant for different policies.

2.3 Design of the ecosystem assessment

The scoping phase resulted in an assessment design as presented in Figure 2.1. This design has been changed a
number of times during the scoping phase and hasebefurther finetuned during the assessment phase. The
ecosystem assessment is structured around four main parts: thematic ecosystem assessments;catting
assessments, an integrated assessment and integrated narratives addressing key policy issues.

The thematic ecosystem assessments describe the state and trends of the condition of different ecosystem types
using a set of indicators that were selected in agreement with key stakeholders (fifth MAES report).

The thematic ecosystem assessments producdtistics at EU aggregated level as well as spatially explicit
results. Note that the marine ecosystem assessment is not presented at EU aggregated level but per marine
region with outcomes for the Baltic Sea, the North East Atlantic Ocean, the MediemmaBea and the Black Sea.

The crosscutting assessments feed the thematic assessments with specific datasets but also provide a-stand
alone analysis of the impact of invasive alien species and of climate change as key pressures on ecosystems.
Two more coss-cutting assessments describe the state of soil in the EU and analyse the condition of ecosystems
at a higher spatial scale by looking at the spatial patterns of ecosystem distribution on landscape level.

Both the thematic and crossutting assessmentsare delivered by the end of 2019 and feed an integrated
ecosystem assessment that compares the different ecosystem types with respect to pressures and conditions.
Driving questions for the integrated assessment are to understand the level and spatialtiisbn of ecosystem
condition, the key pressures affecting condition, the subsequent impacts on ecosystem services and how the
collected information can help to set targets and priorities for ecosystem restoration.

An integrated assessment means deséngp how the interactions between pressures, ecosystem condition and
ecosystem services are relevant for policymaking and the implementation of measures to improve their condition.
Concrete examples or story lines (integrated narratives) demonstrate, h@w#te of data collected under this
assessment can support specific policies.
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Thematic ecosystem assessments: Area, pressures and condition trends, synthesis, knowledge gaps, policy options

Agro-
Urban ecosystems Heathlands Sparsely Rivers and
- oms (cropland Forests and shrubs vegetated Wetlands lakes
5 and lands
grassland)

g {0

Integrated ecosystem assessment Integrated narratives on key policy issues (examples)

* Legal gaps in protection of ecosystems Closing the Co-benefits of : Connecting
* Overlap between ecosystems (urban, wetlands) pollination gap wetland ::(;“;2’_ fa::itt"g;t&e
* Trendsin ecosystem condition and pressures of in farmland MESEEREE 2 &5 growth response of
T through local key nature- ;
key policy indicators restoration based solution forests e te
* Next steps for condition assessment climate change
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Cross-cutting ecosystem assessments: Pressures, condition and services across ecosystem types

Invasive . Ecosystem Services: Crop provision — Timber provision —
_ Landscape mosaic _ o ) )
alien Soil Pollination — Global climate regulation — Flood control —
B (coherence) i
species Nature-based recreation

Figure 2.1. Final design of the EU wide ecosystem assessment.

2.4 Operational framework for the ecosystem assessment

This assessment is entirely based on an operational frameworkettgped by the MAES Working Group in
collaboration with policymakers and researchers. The framework is described in a series of MAES reports and
scientific articles published in the international literature as further specified in this section. The frankewas

further enhanced and tested by ESMERALDA, a coordination and support action funded under the Horizon 2020
programme for research and innovation (Burkhard et al, 2018a, 2018b).

The MAES operational framework includes the following elements:

1 Aconceptual frame for linking ecosystems and biodiversity to people through drivers of change and
ecosystem services (first MAES report, page 16). This concept constitutes a conceptual basis for the
integrated ecosystem assessment. Particularly, it assumes hovsqurees, condition and services are
interrelated and these assumptions can be tested within and across ecosystems using the data collected
under this ecosystem assessment.

1 Acommon assessment framework that describes the different steps of ecosystem assessmt from
mapping ecosystems, to assessing ecosystem condition and ecosystem services and integrated
assessment (see also EEA, 2016). A first version of the common assessment framework is published in
the second MAES report. An updated version of this frammik is published as a journal article (Burkhard
et al., 2018). The common assessment framework provides an operational basis for this EU wide
ecosystem assessment.

1 Typologies for ecosystems (first MAES report), for pressures (fith MAES report), for ecosystem
condition (fifth MAES report) and for ecosystem services (first MAES report).

1 A selection ofindicators per ecosystem type to assess the pressures, condition (fifth MAgp8rt) and
ecosystem services (second MAES report). These indicators are available per ecosystem type and across
ecosystem types.
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2.5 Practical implementation

2.5.1 Coordination and working approach

The ecosystem assessment was coordinated by a coordination teansisting of representatives from DG
Environment, the Joint Research Centre (JRC) and the European Environment Agency (EEA). They steered the work
done by different assessments (see Figure 2.1). A coordinated approach was ensured through monthly technical
meetings to discuss progress and to propose solutions for specific problems and issues. The coordinating team
drafted methodological guidelines and templates ensuring consistency in the methodology and the reporting. All
information was shared on a wiki sl by the European Commission.

Every thematic ecosystem assessment and every crogling ecosystem assessment was led by a coordinating

lead author. These were staff members of the Joint Research Centre or of the European Topic Centres (ETCs) of
the Euppean Environment Agency. Starting from the fifth MAES report on ecosystem condition, the thematic
ecosystem assessments selected indicators and collected the underpinning datasets. Information on trends was
crucial so indicators were only retained if datar at least two points in time was available.

For every indicator an indicator fact sheet was completed containing general information about the indicator such
as name and classification in the pressures or condition typology (fifth MAES report), iafammabout the data
sources, an assessment of the indicator including maps (if spatially explicit) and the key trends at EU level.
Indicator fact sheets and the data are hosted on a common website of the EEA and will be made publicly
available once the asessment is reviewed and finalised.

A similar approach was followed for crosscutting assessments and for the ecosystem services assessment:
quantification of indicators, reporting of metadata in indicator fact sheets and a common way of reporting the
condusions of the assessment.

2.5.2 Involvement of policymakers, Member States, research and stakeholders

Throughout the assessment, different parties were consulted or kept informed through dedicated workshops:
policy units of DG Environment responsible for sfieqolicies such as water, urban, nature, forest, agriculture,
soil, biodiversity; Member States (through their involvement in the working group MAES); stakeholders on
biodiversity (agriculture, wetlands, conservation NGOs); and research.

Policy service of the Commission have been involved in a reality check meeting in December 2018. A special
two-day stakeholder workshop organised by DG Research and Innovation in June 2019 alloweedaptlin
discussion on the assessments across all ecosystem types famdhe crosscutting assessments on soil and
ecosystem services. In between, several thematic ecosystem assessment leaders organised bilateral meetings
between the assessment team and the responsible policy officers at DG Environment to keep them ufeto da
about the progress and to ask for reactions and comments on the approach and the results. The progress of the
EU wide assessment was presented and discussed with the Member States in March and September 2019 on the
working group MAES meetings in BrusseThe first draft of this assessment was presented at the High Level
Celebration Conference of the first EU wide ecosystem assessment in Helsinki, Finland, on 13 December 2019.
This event was organised by the European Commission and the Finnish Presafe¢heyCouncil of the EU.

Following this first presentation, the draft assessment has been extensively-pegewed by scientists, experts

of the European Environment Agency and the Joint Research Centre who did not directly contribute to the
assessment and policy officers from the following services of the European Commission: DG Environment, DG
Research and Innovation, DG Climate Action, DG Agriculture and Rural Development, and Eurostat

The final assessment will be summarized in a summary for poliakers that will be jointly written by the
assessment team and policymakers of DG Environment.
2.6 Geographical scope and ecosystem types

The geographical coverage is the territory of 28 which comprises the following countries: Austria, Belgium,
Bulgaria, @atia, Cyprus, Czechia, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy,
Latvia, Lithuania, Luxembourg, Malta, Netherlands, Poland, Portugal, Romania, Slovakia, Slovenia, Spain and
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Sweden. On 31 January 2020, the United Kingddeft the EU. However, the UK is also considered in this
assessment since the data cover the period during which the UK was still a member of the EU. The assessment
also includes the following regional sea areas: the neehst Atlantic Ocean, the Baltice§, the Mediterranean

Sea, and the Black Sea.

Oc™ @P%n jpo mhjno m bdjin #Bp\ _ gjpk " Martn(PraceBpd\ i \'
the Azores and Madeira (Portugal), and the Canary Islands (Spain)) are not included in this withothe

exception of some datasets that cover the Portuguese and Spanish regions situated in the Atlantic Ocean. The
MOVE and MOVE ON projects carry out MAES type assessments in these regions.

The trends in pressures and condition following MAES edtesys$ypes are reported. There are seven terrestrial
ecosystem types: urban ecosystems, cropland, grassland, forests, wetlands, heathland and shrubs, sparsely
vegetated land; one freshwater ecosystem type: rivers and lakes, and four marine ecosystem tyaese inlets

and transitional waters, coastal, shelf and open ocean. For data related and organisation reasons, the
assessments of cropland and grassland have been combined and are reported as agroecosystems; coastal
wetlands are reported in the chapterf avetlands; and there are no separate assessments for the marine
ecosystem types, they have all been combined into a single assessment per marine region.

The calculation of the extent of terrestrial ecosystem types is based on the CORINE land covesekatsettion
2.7).

2.7 The use of CORINE land cover data in the ecosystem assessment

The CORINE Land Cover data (CLC) constitute a reference dataset for this assessment. The CLC dataset has been
used (1) to delineate the extent of ecosystems in the EU, (2amalyse the trends in the extent of ecosystems,
and (3) as an input layer for the calculation of trends of specific ecosystem condition indicators.

The CLC data set is regularly updated by the EEA to correct mistakes and integrate the data of the werst re
reference year into the change detection system. New updates receive a new version number. These updates and
in particular the production of the CLC2018 data coincided with the scientific work of the different thematic
assessments. Some calculatiormgrticularly of ecosystem services, require substantial resources and computing
time so that it was not always possible to use the latest available version of CLC. This result in the usage of
different versions of CLC data in this ecosystem assessmentibista fact we have to accept.

In first instance, the CLC dataset has been used to delineate the different MAES terrestrial and freshwater
ecosystem types. The delineation is based on Annex 2 of the first MAES report (Table 2.1) which provides a
correspmdence between the CLC level 3 classes and the MAES ecosystem types.

The European Environment Agency also produced an ecosysterf tmagfine the MAES ecosystem types using
EUNIS habitat information. The current version (01 July 2020) is version 3.1ledd®ystem map was not used in

this assessment because it is available for one point in time only as opposed to the CLC data. Once updates for
the ecosystem types map are available, follow up work on ecosystems in the EU should be based on this spatial
delineation. See also chapter 6 for a discussion on ecosystem extent.

2 https://moveproject.eu/
3 https://www.eea.europa.eu/datmnd-maps/data/ecosystertypes-of-europe 1
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Table 2.1. Correspondence between CORINE land cover (CLC) classes and MAES ecosystem types.

CLC CLC CLC MAES MAES
level 1 level 2 level 3 Level 1 Level 2
. Continuous urban fabric
Urbanfabric - - :
Discontinuous urban fabric
Industrial or commercial units
Industrial, Road and rail networks and
commercial and | associated land
e transport units Port areas
Artificial -
Airports Urban ecosystems
surfaces - - -
. Mineral extraction sites
Mine,dump and -
. : Dump sites
construction sites - -
Construction sites
Artificial, non Green urban areas
agricultural : -
vegetated areas Sport and leisure facilities
Nortirrigated arable land
Arable land Permanently irrigated land
Rice fields
- roplan
Vineyards Cirepkie
Permanent crops | Fruit trees and berry plantationg
Olive groves
Agricultural | Pastures Pastures Grassland
areas Annual crops associated with | Terrestrial
permanent crops
Complex cultivation patterns
Heterogeneous Land principally occupied b Cropland
agricultural areas 1ap pally occup y P
agriculture, with significant
areas of natural vegetation
Agroforestry areas
Broadleaved forest
Forests Coniferous forest
Mixed forest
Scrub and/or Natural grasslands Grassland
Fore_st and herbacgous Moors and heathland _ Heathland and shrub
semi vegetation Sclerophyllous vegetation
natural associations Transitional woodlanghrub | Forest
areas Beaches, dunes, sands
Open spaces with| Bare rocks
little or no Sparsely vegetated areas Sparsely vegetated land
vegetation Burnt areas
Glaciers and perpetual snow
Inland wetlands Inland marshes Inland wetlands
Peat bogs
Wetlands . Salt marshes
Maritime - .
wetlands Salines Marine
Intertidal flats
Inland waters Water cou_rses Freshwater| Rivers and lakes
Water bodies
Water
bodies Coastal lagoons
Marine waters Estuaries Marine

Sea and ocean

Coastal, shelf and open ocean
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A second use of the CLC data layers is the analysis of how the total area or extent of ecosystems changed over
time. This analysis is based on the crosswalk between CLC level 3 types and the MAES dewasly&tem types
(Table 2.1). To this end, the CLC accounting layers have beert.ubee method is documented in EEA (2018).
The data is based on the CLC maps (status layers) covering the years 2000, 2006, 2012 and 2018 and the
respective change layers 2@2006, 2006-2012 and 2012-2018.

Every terrestrial thematic ecosystem assessment reports the extent of its respective ecosystem type and changes
in coverage as documented using the CLC data sets and the change detection. The advantage is a harmonized
appioach across the different assessments that delivers a reference value for ecosystem extent over time which
avoids double counting of land ecosystems.

However, two important remarks should be made: (1) CLC is not the only source of data to assess theaéxten
ecosystems, and (2) the delineations of ecosystems do not always reflect the complex reality on the field as the
classes are very aggregated to be compatible with the individual classifications of the Member States and the
assessments in their territges. See also chapter 6 for a discussion on different delineations and overlaps
between ecosystem types. To put CLC based ecosystem extent information in a context, some thematic
ecosystem assessments including the assessments on forests, agroecosystechsrashwater therefore also
report using additional data sources that estimate the total size or extent of the ecosystems ifcth28. Mostly,
differences occur because of the use of different definitions of ecosystems by different stakeholders. Forest
areas for example can vary due to different definition of forests in terms of minimum area and tree heights in
Member States compared to the mapping of overall tree coverage in CLC data.

Secondly, delineating ecosystems incurs making choices on what tadeabr exclude. Therefore, the different
assessments had also the freedom to enlarge the area under assessment so as to capture relevant structures or
functions that are an inherent part of the ecosystem under study. This was particularly evident for aleas

and wetlands. Urban ecosystems go beyond the narrow delineation based on the occurrence of artificial areas.
The chapter on urban ecosystems thus reports also on other ecosystem types that fall within the boundary of
cities. The same can be said faretlands. The MAES definition limits wetlands to inland marshes and peatbogs
(Table 2.1). The RAMSAR definition for wetlands goes much broader including also forests and grasslands with
wetland water regimes as it is the case in floodplains and other aredth near surface groundwater levels. Also
here, separate mapping and assessment was necessary to better reflect the reality on the ground. Consequently
this ecosystem assessment accepts some overlaps between the thematic assessments. The indicatbrefetst

also report indicators on ecosystem extent along with the data used to calculate the extent of ecosystem types
based on different definitions.

Besides ecosystem delineation and analysis of trends in total ecosystem area, CLC data have also béers use
input layers in several assessments to quantify indicators such as land take, ecosystem gain and loss, landscape
mosaic, and ecosystem services. The following set of rules was adopted to harmonize the use of CLC data in the
various assessments and cheers:

1 The calculation of pressure and condition indicators based on CLC will use the various CLC status layers
to assess the trend of the indicator. Version 18.5 of CLC 2@W12 and version v20b2 for 2018 have
been recommended for usage to all the thenatand crosscutting assessments that still needed to
calculate indicators. Some indicators use the latest v20 for all assessment years consistently. In any
case, the metadata on the indicator fact sheets clearly mentions the version that has been used for
indicator quantification so that deviations in reported areas and changed can be tracked..

I The calculation of the extent of ecosystems and changes over time is based on the CLC accounting
layers.

1 The quantification of ecosystem services is based on the&C@ccounting layers, in essence to be aligned
with the rules on ecosystem accounting (Vallecillo et al. 2019).

4 https://www.eea.europa.eu/datmnd-maps/dashboards/landoverand-changestatistics
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2.8 The use of Article 17 data on the conservation status of habitats

The Article 17 habitat conservation status data, reported by the Member States under the Habitats Directive (EC,
1992), are an essential source of information on ecosystem condition and biodiversity for this assessment.

Conservation status is assessed llge Member States every six years. There are currently three assessment
cycles reported: 2002006, 2007-2012, and 20132018. The third cycle is reported in 2019. The EU wide
assessments are published as State of Nature reports (EEA, 2015a, 2020).

The comservation status of habitats listed under Annex | of the Habitats Directive is determined using 4
parameters: range, area, structure and function and future prospects. Each of these parameters is assessed using
four possible outcomes: good or favourablenservation status, poor or unfavourable inadequate conservation
status, bad or unfavourable bad conservation status, or an unknown conservation status. The Member Status
assess every Annex 1 habitat on their territory and per biogeographical region. Tteeroes of these four
parameters are aggregated into a single assessment conclusion for a given habitat per Member State and per
biogeographical region. Aggregation is based on the one out all out principle: good status is reached if all
parameters are quafied as good. In a final step, assessments per Member State are aggregated into an
assessment at the level of the EU based on an awwaighed aggregation (EEA, State of Nature report,
forthcoming).

Following the review of the report and the chapters ooosystem condition, and based on discussions with the
Nature Unit of DG Environment, European Environment Agency (EEA) and its European Topic Centre for Biological
Diversity (ETC/BD), it was decided to use the data of the EU level assessment conclusihesocoinservation

status of habitats in such a way that the statistics reported in this ecosystem assessment are the same as the
data reported in the forthcoming State of Nature report.

There are two important differences between the Article 17 assessmeot habitat conservation status as
documented in the State of Nature report and this ecosystem assessment: First the classification of MAES
ecosystem types and Annex 1 habitats, and second the total area covered by each assessment. A good
understanding ofthese differences is essential for the interpretation and comparison of the results of both
assessments.

The Annex 1 habitat types are grouped into the following broad habitat categories: coastal habitats, bogs, mires
and fens, dunes habitats, forests, agslands, heath and scrub, freshwater habitats, sclerophyllous scrubs, and
rocky habitats.

There is no simple, one to one relationships between the Annex 1 broad habitats types and the MAES ecosystem
types. Table 2.2 breaks down the number of Annex 1 tabiin a matrix with the Annex 1 broad habitats types

as rows and the MAES ecosystem types as columns. Firstly, the MAES types urban ecosystems and cropland are
not covered by Annex 1 habitat types. Secondly, for freshwater habitats and rivers and la&esis a one to one
relation. Thirdly, there are many to many relations for all other ecosystem types and broad habitat groups.
Consider for instance the broad habitat type forests which contains 81 different forest habitats of which 79
correspond to theMAES ecosystem type forest, 1 to agroecosystems and 1 to heathlands and shrub.

One option to report data on conservation status was to take the different Art. 17 habitat assessments, and
reanalyse them per MAES ecosystem type. This option, however,gésidtmmary statistics that would deviate
from the State of Nature report, in particular for MAES types heathlands and shrubs and for sparsely vegetated
ecosystems which are more aggregated than the corresponding Annex 1 broad habitat groups.

To avoid ay confusion and to ensure consistent reporting in both this ecosystem assessment and in the
forthcoming State of Nature report, it was decided to report conservation status per broad habitat group (instead
of aggregating habitat types per MAES ecosystenpdy. Where appropriate (see table 2.2), the thematic
ecosystem assessments report the following two indicators (1) the percent of habitats in a good status (per
broad habitat group) and (2) the trends of unfavourable conservation status of habitats (a¢sdbpoad habitat
group) (see table). The drawback of this approach is that the Art. 17 information is underutilised. For instance the
conservation status data of dunes habitats is not considered in this assessment as different dunes habitats are
assigned o different MAES ecosystem types with important shares to both grasslands and heathlands and
shrubs and lower shares to forests, wetlands and sparsely vegetated land.
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Table 2.2. The number of Annex 1 habitats per MAES ecosystem type and per Annex 1 labéet group. Cells
with numbers printed in bold indicate how the status and trends in habitat conservation status are reported per
MAES ecosystem type and the respective chapters of this report.

Chapter number 3.1 3.2 33| 34 35 36 | 3.7
%) ©
%] % c_cts 2}
MAES ecosystem types E £ = § £
2 E g 0| 8| 2| 8| 2 >
3 8 K& 7] = S g 2 Q
o =} ) o K] [ ) © ©
() e % o "0‘3 '8 s 0 L
g O 5 “1 | 8| 2| 8| &
® Annex 1 broad habitat grouf 2 = 3 é =
(number of habitats) > ) ] =
T )
Coastal habitats (28) 0 0 6 0 0 3 8 0 | 11
Dunes habitats (21) 0 0 7 2 2 9 3 0
Freshwater habitats (20) 0 0 0 0 0 0 0 | 20
Heath & scrub (12) 0 0 0 0 0 | 12 0 0
Sclerophyllous scrubs (13) 0 0 0 0 0 [13 ] O 0
Grasslands (32) 0 0 32 0 0 0 0 0
Bogs, mires & fens (12) 0 0 0 0 |12 | O 0 0
Rockyhabitats (14) 0 0 0 0 0 0 | 13| 0 1
Forests (81) 0 0 1 79 0 1 0 0

A second important difference between this EU wide ecosystem assessment and the Art. 17 assessment of
habitat conservation status is the geographical scope. This assessment covers the ttitery of the EU28
whereas the habitat assessments under Art. 17 of the Habitats Directive is limited to the area of Annex 1
habitats. Table 2.3 calculates for every MAES ecosystem type the total area of Annex 1 habitat. The total area of
Annex 1 haliat amounts to 1.65 million kr including also coastal habitats that overlap with marine
ecosystems. Urban ecosystems and cropland are not covered by Annex 1 habitat. In chapter 6, these statistics are
compared with the total surface area of the different MAES ecosystem types in orddyetter understand the

current gaps in legal designation.
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Table 2.3. Area (km) of Annex 1 habitat per MAES ecosystem type and per broad habitat group.

Chapter number 31 3.2 3.3 34 3.5 3.6 3.7
%) ©
) 5 f_CU 2
MAES ecosystem types E £ = @ £
X —
1 - 3 o ° T < 2
> c c 12) o c b n
3 ks 3 % = @ 5 2 S I
0 o ) o 8 0 D & 8 8
© ° S Q 3 2 > » =
= o 5 L = 3 > o g
® Annex 1 broad habitat group (number ¢ 2 £ & = 5
. = I = [a'd
habitats) 2 @ < =
T n
Coastal habitats (28) 0 0 9,104 0 0 3,069 6,078 0 | 387,701 405,952
Dunes habitats (21) 0 0 3,105 2,477 699 2,357 567 0 0 9,205
Freshwater habitats (20) 0 0 0 0 0 0 0| 127,754 0 127,754
Heath & scrub (12) 0 0 0 0 0| 88,335 0 0 883,35
Sclerophyllous scrubs (13) 0 0 0 0 0 35,132 0 0 35,132
Grasslands (32) 0 0| 234,300 0 0 0 0 0 0 234,300
Bogs, mires & fens (12) 0 0 0 0| 137,738 0 0 0 0 137,738
Rocky habitats (14) 0 0 0 0 0 0| 121,807 0 0 121,807
Forests (81) 0 0 819 | 491,915 0 1 0 0 492,735
Total 0 0| 247,328 | 494,392 | 138,437 | 128,894 | 128,452 | 127,754 | 387,701 | 1,652,959
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The data collected under the Birds Directive is not available for this assessment as deadlines for the reporting
are in 2020. Also the species data collected under the Habitats Directive have not been ugieid Bssessment
as there is currently no common set of rules to assign species to different ecosystem types.

2.9 Common approach to map and assess changes in ecosystem condition and
services

A common approach was used to enable consistent final conclusadimait the trends in pressures and condition

of ecosystems across Europe. The different thematic ecosystem assessments used a single typology to classify
pressure and condition indicators and a single methodology to assess trends relative to the baselueefoa

2010. For the purpose of this study, the same definitions for pressure and ecosystem condition are used as in the
fifth MAES report: Ecosystem condition refers to the physical, chemical and biological condition or quality of an
ecosystem at a partiular point in time. Pressure refers to a human induced process that alters the condition of
ecosystems

2.9.1 Typology for pressure and ecosystem condition indicators

The different thematic ecosystem assessments use the classification in Table 2.4 to orgaréseréisentation of

the data and the results of the trend analyses. The classification of pressure indicators follows an internationally
used typology (MA, 2005) that recognised five broad classes of pressures on biodiversity. The classification of
ecosystemcondition indicators is based on the definition of ecosystem condition and thus distinguishes between
indicators for environmental quality (which express the physical and chemical quality of ecosystems) and
ecosystem attributes (which express the biolagiquality of ecosystems) (Table 2.4). Note that the difference
between pressure indicators and indicators of environmental quality can be inferred from the units. Pressure
indicators are measured in units per unit time, for instance the amount of nitrogeposited on a forest over the
course on one year (kg N/ha/year). Indicators of environmental quality are based on point in time measurements,
for instance the concentration of nitrogen in a litre of lake water (mg N/I). Ecosystem attributes refer to both
structural and functional indicators. Structural indicators say something about the composition of the ecosystems
as well as the architecture in terms of biomass and vegetation. Functional indicators describe ecosystem
processes. Some indicators receiyeesial attention because of their role in policy or because of their relevance
for ecosystem condition. This is the case for structural ecosystem attributes based on species diversity and
abundance, for indicators derived from the assessment of conservastatus of habitats and species under
Art.17 of the Habitats Directive and for soil indicators (Table 2.4).

Table 2.4. Hierarchical structure and classification of pressure and condition indicators

Habitat conversion and degradation (land corsien)

Introductions of invasive alien species

Pollution and nutrient enrichment
Pressures —

Overexploitation

Climate change

Other pressures

Environmental

quality

(physical and

chemical quality)

Structural ecosystem attributes (general)
Ecosystem Structural ecosystem attributes based on specie
Condition Ecosystem Structural ecosystem | diversity and abundance
. attributes Structural ecosystem attributes monitored under
attributes S
(biologicalquality) the EU natur_e dlr_ectlves
Structural soilattributes
Functional ecosystem | Functional ecosystem attributes (general)
attributes Functional soil attributes
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2.9.2 Defining the baseline, short -term and long -term trends

Each of the different thematic and crossutting ecosystem assessments collected a set of indicators
underpinned by EU wide datasets which describe the condition (or services) of ecosystems or the pressures acting
on them. For each ecosystem type, a coet sf policy relevant indicators has been identified (Chapter 5 of the

fifth MAES report). These indicators are used in this ecosystem assessment to evaluate whether or not the
condition and services of ecosystems have changed over the short or long t8hort term trends analyse
changes relative to 2010, the baseline year for this assessment. Long term trends analyse changes relative to a
year preceding 2010, usually 2000 or 1990 but others years are possible as well depending on data availability
and dyramic of the respective ecosystem type.

The baseline year 2010 corresponds to the starting point of the EU Biodiversity Strategy to 2020 of which its
targets are under evaluation (see also EEA, 2015b).

The basic methodology that every thematic and crossicigg assessment follows is:
1 Establish a baseline value for each indicator (an indicator value for 2010);

1 Assess the shorterm trend (2010 to 2018) as the percentage change per decade (10 years) of each
indicator; and

91 If data are available assess the lgaterm trend (e.g., since 1990 or 2000 to 2018) as the percentage
change per decade (10 years) of each indicator.

For ecosystem services the assessment reports a maximum of three time steps related to the reference years of
the CORINE Land Cover data s&600, 2006 and 2012). The trend at EU level was calculated between 2000
and 2012 as the percentage change per decade of each indicator. However, a more detailed analysis also
describes the changes for both periods included: first period (between 2000 20@6) and second period
(between 2006 and 2012). When data were not available for all three years, changes were estimated considering
the years assessed (e.g. 2006 and 2012 for flood control).

For both the shorterm and longterm trends, four outcomes arepossible (Figure 2.3). The condition of
ecosystems as measured by one indicator at the end of the assessment period did not change relative to 2010
#jim \ i "\mgd m J\n gdi’ t>\m$ h \in oc"’ ANl _dodj i
improved (improvement); the condition declined (degradation), or the indicator does not allow any conclusion
(unresolved):

1 No change (the change is not significantly different from % per decade): the condition of the
ecosystem remained the same.

1 A signficant improvement (significantly downward trend of pressure indicator or upward trend of
condition indicator): change to a higher state or level of ecosystem condition caused by natural
regeneration or restoration.

1 A significant degradation (significanty upward trend of pressure indicator or downward trend of
condition indicator): change to a lower state or level of ecosystem condition caused by pressures (in the
MAES glossary, a degradation is defined as persistent decline in the condition of an ezo3ys

1 Unresolved (the direction of the trend could not be defined): the assessment of change was
inconclusive. This also includes essential indicators for which only one point in time data was available
(i.e. unknown trends) or indicators for which no datas available.

Note that for the ecosystem services assessment a same neutral terminology is used: no changes, increase,
decrease. The category unresolved does not apply.
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Figure 2.3. Four possible outcomes for with respect to changes in the conditibacosystems relative between
To and Teng based on a convergence of evidence approach: Improvement, Degradation, No change, Unresolved.

2.9.3 Methodology for calculating the baseline

The baseline year for this ecosystem assessment is 2010. Indicators whigk Hata for 2010 used this value as
baseline value. If data for 2010 was not available, linear interpolation was used to calculate a baseline value by
taking the indicator values of the two surrounding years that comprise 2010 (e.g., 2008 and 2011).

The ormula for finding the baseline value of an indicator based on interpolation between two years T1 and T2
with indicator values Y1 and Y2, respectively, is

"0¢ 'Q QOO O Qod'Qégr p T ¢mp Y &p (Equaton 2.1)

For indicators based on CORINE Land Cover the datasets CLC2006 and CLC2012 were used to calculate the
baseline value for the year 2010.
2.9.4 Methodology for calculating trends and their significance

This assessment presents trends as the percentage ngea per decade. This percentage is found either by
calculating the change based on the first and last year of the observation (equations 2.2 and 2.3) or, in case of
multiple indicator values, on linear regression using intercept and slope (equation 2.4).

N Ql OO ANVQAOHQR ptT —mM8M (Equation 2.2)

where X are the values of the indicator. The right factor converts the percentagey@ar to a percentage per
decade. E.g. if the first year of the time series is 2000 and the last year is 2016, then the right factor becomes
10/16 and modulates the percentage to a per decade value.

Equation 2.2 can, in principle, not be applied in cabadicators measured on an interval scale (i.e. with values <
0, e.g. temperature or sea level, see Stevens 1947). In such cases, a different approach has been used.

In case of indicators measured on an absolute scale (i.e. ones that refer to a percertage proportion),
Equation 2.2 does not apply and the change is simply the difference between the last year and the first year, but
corrected for number of years between according to the following formula:

QO D AMDQD O QD P& b —— (Equation 2.3)
where X are the values of the indicator.

In case linear regression is used, the percentage change per decade is calculated using the two regression
coefficients (slope and intercept) according to:

Qi Ol BMNQ OGN QR pPTT (Equation 2.4)
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Note that for indicators based on CLC data, the short term trend (expressed as % change per decade) was based
onthe CLC2012 and CLC2018 datasets. The long term trend was based on the CLC2000 and CLC2018 datasets.

In a next step, the percentage change was assigned to one of the four possible assessment outcomes
(improvement, degradation, no change, unresolved) usingrocedure that combines policy relevance with
statistical significance.

The following procedure applies to all indicators:

1 Change is always considered as significant in case the percentage change per decade is higher than or
equal to +3% or lower than @ equal to -5%. This is valid for both short and lorgerm trends and
regardless statistical testing. A change outside this interval is thus always considered as-peléxant
to report. This change is assigned as amprovement or a degradation (dependng on the sign and
the interpretation of the indicator, e.g. degradation if pressures increase, improvement if condition
increases).

1 In case the change level falls within the interval €6% and +3% per decadeno change is assumed. In
these cases, it isadvised to perform a statistical test to detect statistical significance. In case of
statistical significance, the trend may be reclassified from no change to either improvement or
degradation depending on the sign and the interpretation of the indicaldre indicator fact sheets
contain information about the statistical test used for detecting chafge

9 Indicators that after visual inspection show a stochastic behaviour over time or for which there are
concerns that justify a different assignment can bdassified asunresolved. This class also includes
policy-relevant indicators (see fifth MAES report) for which there are no data available.

The5% per decade rule is based on the precautionary principle. Even in absence of statistical significance, we
corsider it important to notify policymakers of a level of change in ecosystem condition that reaches or exceeds
5% over ten years. There can be many reasons for a lack of statistical significance including an insufficient
number of data points available. Byighlighting considerable changes as significant (irrespective of the outcome

of the statistical tests) we would like to avoid exclusion of relevant processes from the policy evaluation just
because there is not enough data for a powerful statistical te$he selected threshold in the level of change
corresponds to +0.49% per year (60.51% per year for declining trends) and to +63% per 100 years {60%

per 100 years for declining trends). It is useful to refer to the IPBES global assessment to coalisgtlosses in
biodiversity and ecosystem condition. The IPBES assessment reports that global indicators of ecosystem extent
and condition have shown a decrease by an average of 47% of their estimated natural baselines, with many
continuing to decline bt least 4% per decade (IPBES, 2019). IPBES further reports: area of wetlands (0.8% per
year from 1970 to 2008); area of forests and natural mosaics (7% between 2000 and 2013); extent of seagrass
meadows (over 10% per decade from 1970 to 2000). More detaiin specific rates of declines for species,
habitats and ecosystems are also available in this report (IPBES, 2019). Given these declines, we opted to set a
threshold on 5% per decade to report a significant loss of ecosystem condition.

Note that Eurostauses a much higher value i.e. 1% per year as cut off level to identify significant change in the
Sustainable Development Goals (SDG) indicators (Eurostat, 2019). This would correspond to 10% per decade. This
level of change may be relevant for pressuredpplying this cut off level, however, risks overlooking ecologically
relevant changes in ecosystem condition as the response of ecosystems to pressures may be much slower than
the actual change in pressures.

5 The general recommendation to the thematic and crosscutting assessments was (1) in case of a small number
of observations (N<4) to use the classigést for dependent samples or its neparametric variantgWilcoxon

test for 2 years and Friedman ANOVA for more than two years). In case of mapped data these test were
combined with bootstrapping or random sampling of 1% of the data, (2) in case of a higher number of
observations to use ordinary least squaresgression. Non parametric alternatives to estimate regression slopes
are then TheilSen estimator and the ManKendall test.
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2.9.5 Assessment of the confidence

The confidence of every indicator as measure of how certain we are that the observed trend is effectively
reflecting changes in the condition of ecosystems is assessed using a procedure that delivers a qualitative
confidence score with three classes: loanfidence, medium confidence and high confidence.

To this end every pressure, condition or service indicator used in this assessment has been classified according to
its expected annual dynamic of change. A way to assess the annual dynamics of changpasfieular indicator

is to question how predictable the value of a particular year is based on the value of the preceding year. Some
variables such as the abundance of species can show a highly variable pattern over time with strong year to year
variatiors whereas processes such a land use change may be more stable or predictable. Annual recruitment to
fish stocks for instance would be very hard to predict based on the recruitment recorded for the previous year
since we know that fish recruitment is a vemgynamic process with high natural intemnual variability. In
contrast, the total share of land covered by artificial area might be more predictable. It is probably a "little bit
more than last year".

Table 2.5 presents a typology for the annual dynamiof changes in ecosystems (day to day and seasonal
dynamics are not considered here).This gradient in dynamics is important to understand the confidence of the
estimated value for change per decade. This information should be considered when assignilg tev
confidence on the indicators used in the thematic and cross cutting ecosystem assessments. Table 2.5 does not
contain quantitative thresholds, for instance, based on the coefficient of variance but it is a proposal based on
expert judgement.

Table 2.5. Annual dynamics of change in pressure and ecosystem variables

Annual dynamic of

Description Examples of indicator types
change P P yp
Strong year to year variations with Abundance of species
long term and short term time .
. . trends superimposed on each othern Recruitment Processes
Highly variable Ecosystem productivity

due to afast response of the
variable to changed environmental
conditions.

Ecosystem functions
Climate variables

Species diversity (number of species)
Physicalchemical variables of water quality
and air quality

Soil indicators

Invasive alien species

Moderate year to year variations
with a clear long term and
deviations due to short term time
trends

Moderately variable

Low year to year variations with a | Emissions of pollutants
Moderatelystable clear, monotonous upward, stable g Deposition
downward trend

Land cover and land use change

... | Fragmentation
. Hardly any year to year variations; .
Highly . Landscape mosaic
Slow processes which take years tg
stable Land take

manifest Natura 2000 coverage

Conservation status of habitats

Every indicator used in this assessment is scored for its confidence using Table 2.6. The table uses the typology
for pressure and condition indicators proposed in Table 2.4 and assigns the different categories to the four levels
of change (varying from Ilgihly variable to highly stable) as defined in Table 2.5.
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Next three criteria are used to score the level of confidence using three classes: high confidence, medium
confidence, and low confidence. The criteria used are

1 The total number of observations: gending on the dynamics of change more observations are related
to an increasing level of confidence.

1 The latest observation: depending on the dynamics of change an observation closer to 2020 is related to
an increasing level of confidence

1 The method usedo calculate the indicator: independent of the dynamics of change an established
indicator or methodology based on direct observations is more reliant than indicators derived from
models.

Note that statistical significance is already used in the labelling indicators (no change, improvement,
degradation, unresolved) so this is not used again in Table 2.6.

Note also that for structural ecosystem attributes (general), a difference is made between indicators based on
the use of land cover data and othermictural ecosystem attributes (general).

Trends in ecosystem service potential, use and demand were analysed assuming highly stable dynamics, mainly
because potential and demand are to a substantial extent based on the use of CLC data.

Applying Table 2.@nplies that the shortterm trends always have a lower confidence than the letggm trends.

2.10 Mapping change: spatially explicit aggregation of trends

About half of the indicators used in this ecosystem assessment are based on spatially explicit dateasnthus

be mapped. Two maps with data for different points in time can be used to make a new map of change by
essentially applying Equation 2.2 but then at the level of the spatial mapping unit. Possible mapping units include
both raster and vecteibasedgeometries such as grids at various resolutions (in this assessment usually between
100 m and 25 km), catchments, river basins, functional urban areas, or administrative regions (e.g., NUTS
regions). The maps merge both the pressure and condition indisatoorder to map the change in ecosystems.
This is different from the assessment based on aggregated values at EU level, where pressures and condition are
kept separated in the assessment conclusion. The reason is that the number of spatigilicit comlition
indicators is rather low, in particular for the assessment of agroecosystems. Most spatial indicators relate to
pressures only.

The mapping approach delivers three maps that show per spatial unit (1) the number of indicators that deliver an
improvenent outcome, (2) the number of indicators that show a degradation outcome, or (3) the number of
indicators that show no change. The decision on the assessment outcome per spatial unit is based using a similar
procedure as for the EU wide trend assessmettie( combination of the 5% per decade rule or based on
statistical testing).

At this stage of the assessment, the maps are presented as such. A more elaborated assessment approach is
under development including a prioritisation of pressure and conditiaticators, which is necessary to make a
more informed decision on whether ecosystems are improving, stable or degradifitge change maps in
combination with data on extent are used to assess the total area of ecosystems under a specific outcome.

5 A more elaborated assessment approach needs to address the following question: Assume that ecosystem
condition is assessed basezh 10 indicators of which 5 suggest improvement, 1 suggest no change and 4

suggest degradation. The approach used in this ecosystem assessment is to simply report this outcome
(corrected for confidence of the indicators) rather than to conclude on a fomaiclusion (improvement, no

change, degradation). Deciding on a final conclusion requires a better (causal) understanding of the relative
impact of various pressures on the condition of ecosystems. An additional predicament is that these impacts may
manifest themselves in a dynamic way (e.g., years later) or only once a threshold is exceeded. This analysis goes
beyond the scope of this assessment (although the datasets collected could help address this issue). It will be
part of the integrated assessmentral narratives chapter which will be prepared during the first semester of

2020.
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Table 2.6. Look up table for scoring the confidence in trends based on indicators (High confidence, HC, Medium Confidence MC, boaeco@lid

Pressure Condition class 1. Number of 2. Latest observation 3. Indicator calculation method
class observations (years) (year)
Confidence level HC MC LC HC MC LC HC MC LC
Highly Climate Functional
variable change ecosystem
attributes
Structural
ecosystem >30 [ 15-30 | <15 | 2018 | 2016 - 2017 | <2016
attributes based
on species
diversity and
abundance
Moderately | Invasive Environmental
variable alien species| quality Data as
- - _ >20 | 10-20 | <10 | 2018 | 2015-2017 | <2015 output from
Soil erosion | Structural soil Data as
attributes Data based on direct output from a a nter:/v d
Moderately | Pollution Structural observations (field validated ][pfm gn or
stable and nutrient| ecosystem observations, model; unvalidated
enrichment | attributes >10 | 5-10 <5 | 2018 | 2015- 2017 | <2015 | remote sensing, Officially model-
Over (general) land cover data); reported N
o . . - . Officially
exploitation Officially reported statistics | statistics with reported
Highly Habitat Structural with high confidence medium statistics
stable conversion | ecosystem confidence with low
and _ attributes _ confidence
degradation | (general) which
are based on CLC
Structural
ecosystem >5 3-5 2 2018 | 2012 -2017 | <2012
attributes
monitored under
the Nature
directives and
national
legislation
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3 Thematic ecosystem assessments

This chapter consists of seven sections which describe the trends in pressand ecosystem condition of
urban areas (section 3.1), agroecosystems (section 3.2), forests (section 3.3), wetlands (section 3.4),
heathlands and shrubs, and sparsely vegetated lands (section 3.5), rivers and lakes (section 3.6), and marine
ecosystemgsection 3.7).

Every sectioror thematic assessment in this chapter is structured in a similar way. Each time, the ecosystem
and its governance is briefly introduced. Next we report the total area of the ecosystem type. The largest part
of each section iglevoted to an analysis of the trends of pressure and condition indicators on the short term
(using 2010 as baseline) and on the long term (based on time series that start before 2010). All chapters use
a similar methodology to assess trends. These methade described in chapter 2 of this report. Every
section ends with a table summarizing the trends in pressures and condition, a discussion on what these
results mean for policy and a brief analysis of the knowledge gaps.

The analysis of trends in pressurand condition is presented first with a table summarizing all available
statistics at EU28 level. This table is then followed by an-thepth assessment where for selected indicators
more spatial and temporal detail is provided.

The different thematic ecsystem assessments have been carried out by different research teams. So each
section mentions the coordinatinand contributing authorsThe first coordinating author is the main point of
contact for questions regarding the ecosystem assessment undeohiser supervision. The section also lists
the reviewersthat have commented on an earlier draft (insofar reviewers agreed that their names can be
disclosed).

Chapter 4.4 on pressures and condition of soil could only be drafted in the period after thewenf Chapter
3. Therefore, most soil indicators that are referred to in Chapter 3 have not been quantified and trends are
reported as unresolvedlease use chapter 4.4 for soil related information.

Figure and table numbers always start with the number of the section followed by a number expressing their
order of use in the section.

The different thematic assessments come with a series intlicator fact sheets which provide additional
details on thedata used in this assessmer{tmetadata, mapsand datg and where appropriate the statistical
details of the trend analysisThefact sheet are encoded with 5 digits of which the first two refer to the
section number, the third to pressures (1) or comaliti(2) and the two last digits refer to the order of
appearance in the sectiorAll the fact shees of this report are bundled in a sepate supplement of this

report.

This supplement can be downloaded henéps://publications.jrc.ec.europa.eu/repository/handle/JRC120383
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3.1 Urban ecosystems
Coordinating Lead Author : Grazia Zulian (JRC.D.3)

Contributing Authors : Guido Ceccherini (JRC.D.1), Enrico Pisoni (JRC.C.5), SailioVabachim Maes
(JRC.D.3)

Reviewers: Christina Corbain (JRC.E.1), Chiara Cortinovis (University of Lund), lvone Martin Pereira (EEA)

Summary: The policy context for urban ecosystems is very complex and includes all sectoral policies which

are, directlyand indirectly, connected with quality of life and w4ddking in cities. Urban environmental policies

are having a renewal in agenda and importance. They are gaining importance especially in the EU and
international agendas: e.g. in Goal 11 of the SustdileaDevelopment goals, the priority objectives of the 7th
igdmjih io\lg \~odji kmj bm\ h #@<K$ ji °Npnoldi\]g  “"c
aclimatei ~ pom\ g' bm™ i al\dm \i _ nj~rd\ g h@mmpnknenbActdm j i ~ ]
Kmj bm\ hh™" r ¢~ mo impowve theienvironmemt jn or §ities and our country$§ide dn h\ _°
explicit. Greening urban and periban areas is also an objective of the recently adopted EU Biodiversity

Strategy for 2030.

Urbanecosystems are cities and the surrounding, seemlogical systems where most people live. They are
very peculiar ecosystem types: they are almost completely artificial but they include, in different proportions,
all other ecosystem types (forests, lakesd rivers and agricultural areas can all be part of urban fringe) and
they are strongly influenced by human activities.

As pressure indicators, emission of air pollutants, soil sealing and municipal waste were included. At EU level,
a relative reduction bthe most important air pollutants was observed in the long and short term. The result

is consistent with other assessments carried out on at a national scale. However, there is still the need to
decrease air pollutants emissions and limit population espie. Besides that, a relative increase in municipal
waste and sealed soil, especially within densely built areas in core cities was recorded.

In the last twenty years urbanization has increased in Europe. All structural condition indicators confirm the
trend, despite regional patterns linked to spatial configuration, demographic transition stage and economic
development of European cities. At EU level, areas dominated by the presence of artificial land increased with
3.2% between 2000 and 2018. When consiihg the share of dominant land types (the proportion of areas
dominated by artificial, agricultural or natural land), 69% of Functional Urban Area remained relatively stable,
with no clear direction of change. When a change has occurred, it has beeraathdred by a loss of
agricultural or natural land and an increase in areas with no clear characterization, which is a proxy of urban
sprawl.

Functional Urban Areas are characterized by a progressive densification of settlements. The vegetation cover
of urban green infrastructure has been relatively stable in the long term, with a slight upward trend in areas
of the cities that are not densely built in both core cities and commuting zones. However, when focusing on
the balance between abrupt greening (dieéd as a relatively sharp upward trend in urban vegetation) and
browning (defined as a relatively fast loss in urban vegetation), cities are not able to compensate for land
taken. This means that when a loss of vegetation is observed (usually due to Uaedchange, i.e. housing or
infrastructure policies) there is no corresponding compensation strategy in place to recover the vegetation
within the green infrastructure. This can result in progressive increase in fragmentation of-setural
patches and cosequential loss of city resilience.

Cities and their surroundings can be part of the solution. They can host biodiversity spots and Urban Green
Infrastructure (UGI) can deliver important benefits and be part of a regionaleetvorks. However, defining

a clear role of urban ecosystems within sectoral EU legislation and policies is required. Clear rules need to be
set to compensate for land taken and vegetation loss. Moreover, there is a need for setting targets to
specifically monitor urban condition, wath biodiversity and urban their ecosystem services.

3.1.1 Introduction and description of u rban ecosystems

Urban ecosystems are cities and the surrounding, saaiological systems where most people live (Maes, et.
al. 2016). They are very peculiar ecosystem é¢gp they are almost completely artificial but they include, in
different proportions, all other ecosystem types (forests, lakes and rivers and agricultural areas can all be part
of urban fringe) and they are strongly influenced by human activities.

Urban ecology can be defined as the ecology of all organisms (including humans), in urban ecosystems
(Parris, 2016). It investigates the overall urban biophysical environment and how it affects human health and
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other ecosystems condition. Moreover, human constiompand behaviour in one area can affect the health

\'i _ r>gg] dib ja k' jkg° jm “A~Ajntno” hn di \'ijoc  m) (
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environmental changes that occur when they construct towns and cities, are central to our uaddist) of
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Urban ecosystems can be described at many scales (e.g. districts, city, urban centre and its surroundings). How
we define urban depends essentially on the research question (see reporting units of this chapter).

Urban ecology and the study of urban ecosystems are important for the following reasons: urban
environments are extensive and growing; the nature of urban environments affects the health and wellbeing
of their human inhabitants; they are important for consergitiological diversity; they have an impact on
their close surroundings; and they have an impact across boundaries on other cities or other ecosystem types.
°< ] 700" m pi_ "mno\li _dib ja pm]\i “iqgqdmji hlidebigh rdgg c
guality habitat for humansandnoc ph\ i n \ gdf "~ » #K\ mmdn' -+, 19%)

In line with the overall objective of this report, the aim of this chapter is to determine and report the trends in
the pressures and condition of urban ecosystems relative to theddme year 2010. This chapter can thus be
used to evaluate the targets of the EU Biodiversity Strategy to 2020. It is important to stress that this
assessment is primarily based on indicators for which European wide, harmonized datasets have been
collectad. Where needed more context is provided by citing to relevant literature. However, this chapter did not
make a systematic review of the literature on pressures on urban biodiversity and ecosystems.

This chapter delivers the baseline data to establish lagélly binding) methodology for mapping and
assessment of ecosystems and their capacity to deliver services and to determine the minimum criteria for
good ecosystem condition of urban ecosystem as required by the new EU Biodiversity Strategy to 2030.
Detemining these criteria of urban ecosystems requires also agreeing on an agreed reference or target
condition against which the past or present condition can be evaluated, which is far from evident in an urban
context. More work will be needed to determitiee target and reference levels of pressure and condition
indicators in agreement with stakeholders, scientists and policymakers.

3.1.2 Specific ecosystem related policies that govern urban ecosystems

European cities are very diverse in terms of land compositipplicymaking, and territorial development. They
are at different stages of urbanization and demographic transition, however, urbanized areas share common
problems. These problems are related to poor air quality, high levels of noise pollution, limiftita to
tolerate flooding events (and increased risk of flooding due to the high share of impermeable surfaces) and to
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The transition to more resilient cities is a muklicale process, which implies:
1) Actions at local scale for the implementation of spkcipolicies for sustainable urban planning and design;

2) Actions at regional and national scale for the implementation of transboundary policies, such as policies
related to air, water, noise quality, mobility, or the deployment of an integrated Grefadtructure (Gl).

Urban ecosystems played a crucial role also in the Biodiversity Strategy to 2020 and Gl Strategy (EC 2013; EC
2019a) and potentially represent a source of environmental pressures leading to negative environmental

7 https://ec.europa.eu/environment/actiprogramme/

8 https://www.consilium.europa.eu/en/press/presdeases/2019/10/04/8thenvironmentalaction-programme
councitadopts-conclusions/

9 https://ec.europa.eu/info/sites/info/files/communicat@mmexeu-biodiversitystrateqgy-2030_en.pdf
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impact. However, thewlso represent an opportunity of implementing actions where most people live, thus
potentially reaching a high number of beneficiaries. They can host biodiversity and they could be an effective
component of an integrated, muHievel green infrastructure etwork. Functional Urban Areas contain 15.2%

of Natura 2000 sites and the complex system of urban blue green infrastructure is fundamental for providing
ecological functions and ecosystem services. The review of Gl strategy (EC 2019b; EC 2019c) provides an
exhaustive list of sectoral Gl related policies which are directly or indirectly connected with urban ecosystems.

Greening urban and petirban areas is also an objective of the recently adopted EU Biodiversity Strategy for
2030. As part of a wider natwr restoration plan, more focus will go to cities. To bring nature back to cities
and reward community action, the Commission calls on European cities of at least 20,000 inhabitants to
develop ambitious urban greening plans by the end of 2021. These shiudtude measures to create
biodiverse and accessible urban forests, parks and gardens; urban farms; green roofs and walBnéke
streets; urban meadows; and urban hedges. They should also help improve connections between green
spaces.

3.1.3 Ecosystem extent and change

Europe experienced an increase of urban ecosystem type over the last 20 years by 3.4% per decade on the
gjib o mh #O0O\]g" .),),$) <~"*"jm_dib oj oc™ H<@N am\ h’r
land cover types includenh Corine land Cover Map (Level 1).

Table 3.1.1. Surface area of urban ecosystem type, based on Corine Land Cover accounting layers for 2000,
2006, 2012 and 2018.

Area (kmi) 2000 2006 2012 2018 Change (% per decade)

Short term | Long term

Urbanecosystems 209,409 | 214,939 219,549 222,188 3.4 2.0

3.1.4 Data and reporting units

This chapter presents the main results of the assessment of conditions characterizing urban ecosystems in

the EU28. To this aim, the state, shoterm, and long termtrend of different indicators have been analyzed.

Concerning the scale of the assessment, following Douglas (2012), urban ecosystems were analyzed
Ajind_"mdib oc” ~jm ~dot \i _ Udhanmegionp$mmjQuecid nd i”bc j#dorc'\ ol g?

T Analyz ©°9)) Oc" d h h-supmbit systempftfje\uiban grdas and its surroundings (the
periurban area) providing such ecosystem services as water supplies, sand and gravel, landfill sites,
recreation areas, water shed protection, greenhouse gas uptake . ] dj _dg mndot 7)) » #
p. 386).

1 Use (when possible) the system of Functional Urban Areas promoted by EUROSTAT, which includes
more than 700 urban environments.

1 Consider the transboundary effect with consistency.

The reporting unit chosen texpress each indicator varies according to the data available, the type of
indicator, and the policy targeted. Not all data were spatially explicit and available at the same aggregation
level. When possible, we used the spatial system for city statisti@ysion 2018, as recommended by
Eurostat (Dijkstra and Poelman 2012; EuroStat 2016; Eurostat 208&ct sheet3.1.100, Supplement). We
always used the extent published in 2018, with the aim of exploring the evolution of urban environments
through the decads. The system is structured as follows:

Functional Urban Areas are defined as the core city (with at least 50,000 inhabitants) and the commuting

zone and are based on commuters; employed persons living in one city who work in another city. It represents

ai ap k> mVodji Vg pm]\i nk\od\g "so io%¥ oc\o \ggjrn h\}l
commuting area is an area of transition, from agricultural or sematural land uses to urban land use and is

very important when considering ecosgsth services. There are cities that have never had a commuting zone

or lost their commuting zone.
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Core cities are cities with at least 50,000 inhabitants. One FUA includes one or more core cities. As reporting
unit for core cities, we aggregated all coreies within the same FUA. Core cities normally correspond to the
Lower Administrative Units (LAU).

Commuting zones (or subcity districts), represents the commuting zone around the core city; occasionally
FUAs do not include a commuting zone (15% of the cases). In this case the FUA correspond to the core city.
The commuting zone includes the cluster of Low Adminisu@tUnits (LAU) that surround around the core

city.

'Greater city' are urbanized areas that stretch far beyond their administrative boundaries. The greater city
can completely overlap the FUA and includes one or more urban centres (Eurostat 2017). Fongezs
consistency, Greater cities have been considered the core cities for the respective FUAs (e.g. Naples, Paris,
London, Athens, see Eurostat, 2017). Figure 1 and Figure 2 show the distribution of FUAs and core cities in
Europe. Commuting zones can bast compared to core cities. In total, FUAs cover 20% of European territory.
Core cities cover only the 3.5%.

The entity of Agglomeration is not part of the FUA system; itepresents urban areas with more than
100000 inhabitants (EIONET ReporETC/ACKI018/14).

Additional technical details can be found in tfect sheet3.1.100.

Urban Ecosystems in EU (%)

30
SLLLLLLI | | Lkl
: 1.0 Lol Lol

AT BE BG CY CZ DE DK EE EL ES FI FR HR HU IE IT LT LU LV MT NL PL PT RO SE s8I SK UK EU

m FUA Core cities

Figure 3.1.1. Proportion of surface area of FUA and core cities in EU countries territory (%0).

The assessment was implemented following the 5th MAES report (Maes et. al)28iBthe recent discussion
paper prepared for the SEEA (Czlcz et al. 2019). The framework proposes a set of indicators to evaluate the
ecosystems describing pressures, environmental quality, structural attributes and ancillary aspects.

Pressures are oftenconsidered as an indirect approach for measuring ecosystem condition, when we need to
Ajind_"m g\md\]l]g n \'n “igdmjih io\lg %noj~f» oc\o
emissions or amount of waste generateBnvironmental quality and structural attributes  of ecosystems
represent characteristics of the environment which measure the condition of ecosystems. Environmental
quality indicators are based on point in time measurement (for instance concentration of air pollutants).
Structual attributes of ecosystems evaluate ecosystem type specific landscape characteristics and includes
metrics of land types mosaics, landscape connectivity or vegetation bionfassillary indicators represent
policy-relevant metrics that cannot be includeid the other classes but are important in order to provide a
context (for example population density in urban areas).

Table 3.1.2 synthetizes the reporting units used in the assessment. Air pollutants (emissions and
concentrations), the share of dominatand types, the urban structure, population and bathing water quality
were reported at the FUA level. Data on municipal waste generated were available at national scale and could
be expressed only at national and EU level. The population exposed to hblewtls of noise was reported at

the agglomeration level. Indicators related to urban vegetation for which figgolution data were available,
were reported using four reporting units: core city and commuting zone, respectively densely built and not
dem " gt ] pdgo) mdgainsoof buill mfdastracturesmand open spaces K\ (2006) p. xi; the
proportion of builtup areas is an important aspects when we describe urban environments and when we
define policies or management strategies.
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Figure 3.1.2. Distribution of Functional Urban Areas, Core cities and Greater cities in Eurofg28jEU
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Table 3.1.2. Indicators for urban ecosystems and reporting unit used in the assessmerfadlsheet are available as a supplement to this report.

Class Indicator Reporting unit Data Time-series | Fact
range sheet
Alr pollutants - ¢ ctional Urban Area EMEP/CEIP 2019 1990-2018 | 3.1.101
emissions
Densely built EEA Imperviousness
Pressure Imperviousness| Core city Not-densely https://land.copernicus.eu/pauropean/higkresolution 2009-2015 3.1.103
built layers/imperviousness
Municioal waste EUROSTAT dissemination database
enerart)ed Aggregated municipalities per MS| https://ec.europa.eu/eurostat/web/produetsrostat newst 1990-2018 3.1.102
9 /DDN20190123-1
Air pollutant EMEP/CEIP 2019 1990-2018 | 3.1.101
concentrations
Condition Bathing water Functional Urban Area Bathing Water Directive Status of bathing water
) ng https://www.eea.europa.eu/datand-maps/data/bathing 1990-2018 3.1.205
Environmental quality - 5
. water-directive status-of-bathingwater-11
quality Population
exposed to road| Agglomerations EEA, data on noise expos_umps://www.eea.europa.eu/data 2012-2017 3.1.104
! : and-maps/data/dataon-noise exposure?
noise pollution
Share of : i .
dominant land | Functional Urban Area Corine Land Qovehttos.//Iand.cooermcus.eu/pan 2000-2018 3.1.207
types european/corindand-cover
Urban structure | Functional Urban Area ?OI-(;%?bwmp gridhitps. //data.rc.ec.europa.eu/datasetghst 1975-2014 3.1.208
Trends in Densely built
vegetation Core city Not-densely
Condition cover within built
Structural ecosystem Urban Green Commuting Densely built
i Infrastructure -
attributes (UGI) Zone D&Ttdensely LANDSATttps://developers.google.com/eatth
- engine/datasets/catalog/LANDSAT_LEO7_CO01_T1_ANNKBRN 1996-2018 3.1.209
Densely built
. EENEST_TOA
Balance Core city Not-densely -
between abrupt built
changes within . Densely built
Commuting
UGl 7 Not-densely
one .
built
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https://land.copernicus.eu/pan-european/high-resolution-layers/imperviousness
https://land.copernicus.eu/pan-european/high-resolution-layers/imperviousness
https://ec.europa.eu/eurostat/web/products-eurostat-news/-/DDN-20190123-1
https://ec.europa.eu/eurostat/web/products-eurostat-news/-/DDN-20190123-1
https://www.eea.europa.eu/data-and-maps/data/bathing-water-directive-status-of-bathing-water-11
https://www.eea.europa.eu/data-and-maps/data/bathing-water-directive-status-of-bathing-water-11
https://www.eea.europa.eu/data-and-maps/data/data-on-noise-exposure-7
https://www.eea.europa.eu/data-and-maps/data/data-on-noise-exposure-7
https://land.copernicus.eu/pan-european/corine-land-cover
https://land.copernicus.eu/pan-european/corine-land-cover
https://data.jrc.ec.europa.eu/dataset/jrc-ghsl-10007
https://data.jrc.ec.europa.eu/dataset/jrc-ghsl-10007
https://developers.google.com/earth-engine/datasets/catalog/LANDSAT_LE07_C01_T1_ANNUAL_GREENEST_TOA
https://developers.google.com/earth-engine/datasets/catalog/LANDSAT_LE07_C01_T1_ANNUAL_GREENEST_TOA
https://developers.google.com/earth-engine/datasets/catalog/LANDSAT_LE07_C01_T1_ANNUAL_GREENEST_TOA

Class Indicator Reporting unit Data Time-series Fact
range sheet
Condition-
Percentage of
Structural ecosystem
attributes monitored urban .
ecosystems Functional Urban Areas NA NA NA
under the EU Nature
directivesand covered by
i I Natura 2000
national legislation
Condition- Soil organic
Structural soil 9 Functional Urban Areas NA NA NA
X carbon (SOC)
attributes
. - . Functional Urban Area EUROSTAURBAN AUDIT
Ancillary indicators | Population Core city https://ec.europa.eu/eurostat/web/cities/data/database 2010-2017 3.1.106

NA: Data are not available or data are available but still need to be adapted to the ecosytstenogy used in this assessment. Data on soil are reported in chapter 4.4.

45


https://ec.europa.eu/eurostat/web/cities/data/database

This is particularly true if the open spaces and remnant areas are involved. For this reason, using a model

derived from the landscape ecology (the Law@pe Mosaid/ogt and Riitters, 2017jwo specific zones of

di o m no rDemsélybuit adc¢ " m5 8c° m glodqgq kmjkjmodji ja \ mo
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of artificial land cover types is not prevalent in a neighbourhood surrounding that location and there is still a
proportion of other ecosystem types (forest, wetlands or agriculture). More details on the methodology
appliedcan be found in Chapter 4.3 and fact sheet 3.1.107.

Table 3.1.3. Nature-based solutions (NBS) classified according to share of hultareas and the typology of
NBS. The table was compiled following Somarakis et al. (2020), chapter 2 and Annex 1.

NBS Tyre | NBS sub-type

Examples

Core city or Commuting zond®ensely built

Integrated and ecological managemenspatial
aspects

Choices of plants

Intensive urban green space Structure of urbarparks system (Large urban

management park; Pocket garden/park; Community gardens)
Flower field
Type 3, Design and gtrree:; trr:;s
management of new Green wall system
ecosystems. Urban water mana t Sustainabl ban drai t
gemen ustainable urban drainage systems

Soiland slope revegetation
Plant trees/ hedges/perennial grass strips to
intercept surface ruroff

Ecological restoration of
degraded terrestrial ecosystems

Restoration and creation of Revegetation of riverbanks
seminatural water bodies and | Constructed wetlands and built structures for
hydrographic networks water management

Core city or Commuting zone Not-densely built

Limit or prevent specific uses angractices
Ensure continuity with ecological network
Protect forests from clearing and degradation
from logging, fire, and unsustainable levels of
non-timber resource extraction

Protection and conservation
strategies in terrestrial and
marine Protected Areas (e.g.
Natura2000 or MPA

Type 1, Better use
of protected/natural
ecosystems

Agro-ecological practices
Agro-ecological network structure

Agricultural and Forest landscap Forest patches

management Hedge and planted fence
Flower strips
Type 2. NBS for Ensur_e continuity with ecological netV\_/ork
- Planning toolgo control urban expansion
sustainability and L
. . . Historical urban green network structure
multi functionality of .
Choices of plants
managed .
. Heritage park
ecosystems Extensive urban green space
Urban natural protected areas
management

Introduced vs. local plants

Vegetation diversification

Green corridors and belts

Planning tools for biodiversity, green
infrastructure, and ecosystem services

In many cities, the interface zone between the core city and the surroundings is vulnerable: this is the place
where space is still available for further development. Rewaban fringe (or the outskirts or urban hinterland)

is the interface between townrd country. It is a transition zone where often urban and rural uses mix. This is
an important concept in settlement geography as it represent a boundary zone where urban development
may (or may not) happen. Examples of urban development are, decentriaizaf offices or business parks
(which may cause an increase of commuting activities), transport infrastructure or housing development. The
type of impact that urban development(s) has on ecosystems is strongly related to land policies and to the
solutiors implemented.
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There are several naturbased solutions (NBS) available to increase resilience of cities (or their ability to
cope with a wide range of stresses (ligen et al., 2019) in case of urban development. The choice of the
solution depends on theeveral aspects; in this assessment we considered land configuration and the share
of built up areas (which represent the amount of open space still available) and zone location, in core city or
commuting zone (which we use to represent the city and thes&irts). Table 3.1.3 presents a synthesis of
possible NBS, classified according to the share of buftareas within core cities and commuting zones.

Box 3.1.1. Population dynamics and condition of urban ecosystems

Population dynamic (e.g., populatisize, growth, density, age and sex composition, migration, distribut
are seen as one of the main drivers of environmental impact of urbanized areas (Newman, 2006), whi
consider as ancillary data in the context of this assessment (Czlcz et al.9R0The impact intensity o
population density is strongly related to the type of resource management and to lifestyle (de Sherbinin
2007). On the other hand, people are an essential component of urban ecosystems. They may have a
impact on uban nature, linked to management choices and they are strongly impacted by urban naty
relative slight increase in urban population at EU scale has been registered during the last ten years (by|
6% at both core city and FUA level). In some cadhs,phenomenon presents discrepancies between the ¢
city and its commuting zone. In most of the FUA (57%), population within the core city and its comm
zone change in the same direction (brown dots and green dots in the Figure). In 44.3% popuist
increasing; in 12.7% population is decreasing. Conversely, in 26.8% of FUA population tend to move
within the core city (with a decrease of population in the commuting zone). This dynamic affects part of (
areas in the Iberian Peninsula, Rad and Romania. In 16% of the FUA, it is the core city that loses popula
with an increase of inhabitants in the surroundings.

o s Population
5:4& T change (2010
< i3 Population change 2017) Brown
@ i = dynamic within core city and commuting zone '
© Neuie et dots represent
o data available
O Core - Commuting + FUA . where
o R O Core + Commuting - populatlon .
— © Core - Commuting - increased n
@ Gore = Conmutig + both core cities
and
Population size ;
(in core cities) Commu“ng
0  <200000 zones. Greer
» O 20000-500000 dots represent
(O 500000 - 1500000 FUA where
population

El-Jazair

Tounis

O > 1500000

’lébsva

] 250 Km
1

decreased in
both core cities
and
commuting
zones. Orangs
dotes
represent FUA
where
population
increased only
in core cities.
Yellow dots
represent FUA
where the
population
increased only|
in Commuting
zones
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3.1.5 Drivers and pressures: spatial heterogeneity and change over time

Trends in pressure indicators are presented and discussed in this section. The reference table on urban
ecosystems in the 5th MAES report (Table 4.1, Maes et al., 2018) lists 9 pressucatord of which 2 are
considered of policy relevance (air pollutants emissions and land take). Important pressures on urban
ecosystems are related to habitat conversion and land degradation, pollution (air, water and noise pollution)
and unwanted introduiion of invasive alien species. Unfortunately no consistent and fully representative
datasets were available to analyse all these pressures at a local, urban level. With reference to the MAES
framework, availability of data allowed calculating trends foivé air pollutant emissions, soil sealing and
municipal waste. Invasive alien species, on the other hand, have been analysed in chapter 4.2.

3.1.5.1 Assessment at the level of EU -28
Table 3.1.4 presents the trend results at £8 level. At first glance Table 3.1ghows that:

The total air pollutants emissions (within Functional Urban Areas) registered a reduction in the long and short
term (seefact sheet3.1.101). The result is consistent with other assessments at national level (EEA 2019a;
EEA 2019b; EEA 2020).

Proxies of land degradation were soil sealing and municipal waste. In both cases a degradation was
registered. The share of sealed soil is significantly increasing in core cities, both in densely built areas and
even more so in netlensely built areas wherthere are still opportunities for alternative solutions for dealing
with territorial development. Municipal waste, which depends on urbanization, population density and lifestyle,
is also increasing slightly in the long term. Nevertheless, the trendegaai lot among Member States, not only

in terms of total amount generated but also concerning management and treatment strategies {aete
sheet3.1.102).

The analysis confirms an overall reduction in total air pollutants emissions within FUA. A more detailed
analysis could consider the different sources of emissions to verify which sector is responsible for the trends.
Indicators connected with urbanizatiopresent upward trends with potentially negative consequences. An
example is that, the persistent increase of impervious surfaces reduces resilience of urban ecosystems and
exposes them to risks presented by climatic events (flooding or heat waves).

Data on invasive alien species (IAS) were not available for estimating trends. However, urban areas are
particularly affected by them. Chapter 4.2 of this report estimates the impact of invasive alien species and
the MAES urban ecosystem type is the most imgatecosystem, with 70% of the extent under impact of
IAS. Moreover, considering that agricultural land, forest, wetlands and inland water are also affected by IAS,
we might expected that their area under the FUA be also affected.
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Table 3.1.4. EU28 aggregated pressure data in relation to urban ecosystems. The table contains per indicator the baseline value as walstisssfor the short and

long-term trend (for methodological details see chaptgy.

Pressure Indicator Unit Baseline Short-term | Short-term Short-term Long-term Long-term Long-term
class value trend (% trend trend trend (% trend trend
(value in per decade) (change) confidence per decade) (change) confidence
2010) score [3t0 9] score [3t0 9]
Habitat Imperviousness in % 50.84 0.97 B 6 unresolved
conversion densely built areas
and Imperviousness in net 0 -
degradation | densely built areas % 35.28 1.46 6 LESElEe
(land Land annually taken (m2/person
conversion) | for built-up areas per / (Fe)ar) unresolved unresolved
person y
PoIIgUon and | Nitrous oxides (NOx) | Million tonne/ 701 31.92 & 5 222 69 & 5
nutrient year
enrichment Particular Matter Million tonne/ o .
(PM10) year 1.42 -19.25 ¢ 5 -16.72 ¢ 5
Particular Matter Million tonne/ - .
(PM2.5) year 0.94 -23.43 ¢ 5 -18.0 ¢ 5
Nonmethane volatile Million tonne/
organic compound ear 5.7 -18.5 ¢ 5 -23.9 ¢ 5
(NMVOC) y
Sulphur oxides (SOx) | Million tonne/ 295 -65.0 & 5 .33.9 & 5
year
Municipal waste Trt‘g::rsl:”d 253950 -0.53 ¢ 7 1.395 ¢ 7

¢ : Significant improvement (significant downward trend of pressure indicat@r)No change (the change is not significantly different from 0% per decaiie);
Significant degradatiorgsignificant upward trend of pressure indicator); Unresolved: The direction of the trend is unclear or unknown; dataarailabte; data are
available but still need to be adapted to the ecosystem typology used in this assessment
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3.1.5.2 In-depth assessment
A detailed interpretation of the indicators is provided in the following séwtions.

Air pollutants emissions at EU scale are decreasing. The trend is in line with other official assessments at
national scale (EEA 2019a, EEA 2019b, EEA 2020), which confirms the compliance of all Member States
concerning reductions on Nitrogen oxides (NOx) and Sulphur dioxidg éptigsions. Nevertheless, especially
when considering the shoiterm trend, regional patterns are revealed. Additional technical details can be
found in thefact sheet3.1.101.

Specifically within FUAs:
NOXx (Figure 3.1.3)

b in the long term, the downwardrénd is confirmed in 97% of European urbanized areas. Poland
is the only region with slightly increased emissions within FUAs (or a slower downward trend);

b in the short term, 90% of urbanized areas are characterized by a downward trend. In some cities,
the downward trend is becoming a slightly upward one (north east Spain, Romania, Poland, UK)

NMVOCs (Figure 3.1.4)

b in the long term, the downward trend is confirmed in 90% of European urbanized areas. Poland
is the only Member State where emissions increasehim urban areas.

b in the short term, the downward trend remains constant at 73% in urbanized areas. However, in
Poland, Spain and some cities in UK we register an upward trend

PM10 (Figure 3.1.5)

b inthe long term, the downward trend persists in 82% ofrBpean urbanized areas. However, we
register an upward trend in some cities in Romania, Italy, Spain (north east), Poland, Bulgaria,
Latvia and Lithuania.

b in the short term, 88% of urbanized areas present a downward trend. However, in some cities
the downward trend is turning into an upward one (north east Spain, South UK, few German
cities)

PM 2.5 (Figure 3.1.6)

b in the long term, the downward trend persists in 85.5% of European urbanized areas. However,
we register an upward trend in some cities in Romaritaly, Spain (north east), Poland, Bulgaria,
Latvia and Lithuania.

b in the short term, the downward trend remains constant in 89% of urbanized areas. However, in
some cities the downward trend is turning into an upward one (northeast Spain, South UK, few
German cities); in other areas (Romania, Italy, some Spanish and Polish cities) the emissions
decrease.

SOx (Figure 3.1.7)
b inthe long term, the downward trend persists in all European urbanized areas.

b in the short term, the downward trend remains constain 82% of urbanized areas.
Nevertheless, in some urbanized regions we register an inverse tendency (Bulgaria, Spain,
Germany)
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Figure 3.1.3. Total NOx emissions within FUAs in the Short and Long Term (source: EMEP/CEIP 2019,

officially reported emission data.

Terms of reference: CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/deed.en)
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Figure 3.1.4. Total NMVOC emissions within FUAs in the Short and Long Term (source

Officially reported emission data.

Terms of reference: CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/deed.en)
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Figure 3.1.5. Total PM, emissions \ithin FUAs in the Short and Long Term (source: EMEP/CEIP 2019,
officially reported emission data.

Terms of reference: CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/deed.en)
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Figure 3.1.6. Total PMs emissions within FUAs in the Short and Long Term (source: EMEP/CEIP 2019,
officially reported emission data

Terms of reference: CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/deed.en)
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Figure 3.1.7. Total SQemissions within FUAs in the Short and Long Term (source: EMEP/CEIP 2019, officially
reported emission data.

Terms of reference: CC BY 4lQtps://creativecommons.org/licenses/by/4.0/des)

Municipal waste is defined as waste collected and treated by or for municipalities. It covers waste from
households, including bulky waste, similar waste from commerce and trade, office buildings, institutions and
small businesses, as well as yardhd garden waste, street sweepings, the contents of litter containers, and
market cleansing waste if managed as household waste. The amount of municipal waste generated in each
country is related to the rate of urbanization, the population density, the tgpel pattern of consumption,
household revenue and lifestyle (OECD, 2019). Over the past 30 years, efforts at European policy level
resulted in actions aiming to reduce the negative environmental and health impact of waste. Waste disposal,
in fact, may case loss of materials or produce impact on the environment (Taelman et al. 2018).

In the long term, there has been a slight increase of municipal waste generated at EU scale (1.39%),
nevertheless the value cannot be considered statistically different fromafid has been recorded as stable in
the EU level assessment. Figure 3.1.8 shows the graph of municipal waste generated.
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Figure 3.1.8. Municipal waste generated at EU level (source: EUROSTAT).

The picture varies a lot at the national level. In tdhember States, we denote a decrease in the amount of
municipal waste produced. In Spain, Germany, United Kingdom and The Netherlands however the direction of
change cannot be considered statistically significant. On the contrary eighteen Member statesashtear
upward trend, and only in Poland and Belgium the change is not considered statistically significant.
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Figure 3.1.9. Municipal waste generated per MS (192918), change per decade (%). Black dots represent
the MS for which the change cannot beridered statistically significant. (source: EUROSTAT).

As reported by EUROSTAT the variations among Member States, which are confirmed by the values expressed
di fb k™ m ~\kdo\' °fmag “o _daa m i~ n gdendohfownphkod)j
municipal waste is collected and managed. There are differences between countries regarding the degree to
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which waste from commerce, trade and administration is collected and managed together with waste from
household¥. Additional technical dails can be found in thdact sheet3.1.102.
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Figure 3.1.10. Percentage of sealed soil in core cities in 2015 within densely anddersely built areas. Pie
charts show the proportion of core cities per sealed soil class (%) (source: HHBEpPerviousness
(https://land.copernicus.eu/paauropean/higkresolutionlayers/imperviousnegs

Figure 3.1.10 shows the percentage of sealed soil in core cities. Additional technical details can be found in
the fact sheet3.1.103. Withindensely built areas (Map A, Figure 3.1.10), more than 50% of the land is sealed
in 55% of the core cities. This condition exposes urban areas to several risks connected with local climate
regulation, flood protection and water regulation. With regardsflod protection and water regulation, for
example, an impervious cover greater than 50% implies a decrease of deep and shallow infiltration and
conversely an increase of surface rwoff in case of rain (Chithra et al., 2015). The increase of surface-ofin
requires more infrastructure to minimize flooding and exposes people and buildings to risks.

The trend is relatively steady in the short term (Figure 3.1.11, Map A and B). Within coredgtiesly built
areas, the percentage of sealed soil remaingralst stable, showing a very light upward trend. In 85% of the
cities, there is an increase of sealed soil ranging by 0.05 and 2.5%. This pattern is consistent in almost all
European core cities, with few exceptions where a more intense increase is register

10 https://ec.europa.eu/eurostat/statistics
explained/index.php/Municipal_waste_statistics#Municipal _waste _generation
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Figure 3.1.11. Percentage of sealed soil in core cities, changes in the short term per decade. Pie charts show
the proportion of core cities per class of change (%) (source: EEWnperviousness
(https://land.copernicus.eu/paauropean/higkresolutionlayers/imperviousnegs

The increase in sealed soil within ndensely built areas is slightly differentni78.8% of cities we report a
slight increase in sealed soil [between 0.05 and 2.5%]; in 15.5% of cities the increase of soil sealing is more
evident (> 2.8%6) and this pattern characterizes the Iberian peninsula, eastern Europe, as well as some cities in
central Europe. This dynamic is also confirmed using indicators which represent structural ecosystem
attributes (for example urban structure, share of dominant land types, trends in vegetation cover within urban
green infrastructure).

3.1.6 Ecosystem condition: s patial heterogeneity and change over time

The reference table on urban ecosystems in the 5th MAES report (Table 4.1, Maes et al., 2018) lists 29
condition indicators, of which 10 are considered as policy relevant. Environmental quality indicators cover air
and water quality, noise levels, soil contamination and metrics that connect population density and built areas.
On the other hand, structural ecosystem attributes describe the spatial elements that characterize an urban
area, i.e. share of ecosystem typgurban green, natural areas, builp areas, and abandoned areas);
hectares of canopy coverage; fragmentation of urban green spaces. Other elements should be reported to
fully describe ecosystem condition, such as structural ecosystem attributes basespenies diversity and
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monitored under the EU nature directives. However, there is a lack of consistet, dgte and comparable
data to fully report on changes of condition of urban ecosystems at European level and this is the reason why
only a selectio of indicators could be reported.

3.1.6.1 Assessment at the level of EU -28

The assessment of condition of agroecosystems is based on 14 indicators for which, except for one, short and
long term trends are available.

Table 3.1.5 presents trends at EU leyebviding values for the short and long terms. At a first glance Table
3.1.5 shows that:

Indicators that represent environmental quality are improving at an aggregated EU level. With regards to air
pollutants concentrations, on the long term, and using esgated average data, the situation seems to
improve for the pollutants considered and the trend is consistent with other assessments which report
specifically on air quality in Europe (EEA 2019b). Nevertheless, it must be pointed out that aggregated
avergge data are not precise enough to assess air pollution at urban lekeinpc mt cp* - R r fc
from the different emission source sectors to ambient air pollutant concentrations and air pollution impacts
depend not only on the amount of pollutant eétted but also on the proximity to the source,
emission/dispersion conditions and other factors, such as topography. Emission sectors with low emission
heights, such as traffic and household emissions, generally make larger contributions to surface
concentations and health impacts in urban areas than emissions from high sta¢kg€A, 2020, p. 25).

There has been an increase in bathing locations with good water quality. The exposure to harmful levels of
noise pollution derived from roads is stable for théies where data were available and comparable.

Structural ecosystem attributes, which represent the configuration of urban ecosystems, offer a slightly
different picture and demonstrate a clear and intense process of urbanization in Europe. The extefision
artificial areas in the long term (by 3.2%) and short term is increasing (by 2%). There is an increase in the
proportion of areas dominated by artificial land type and of land with no dominant land type (zones where
there is a mix of land uses). In pdtal, we register a loss of areas with dominance of agricultural land or
natural land. The process is confirmed by other indicators, which can be reported in more detail and for which
results are statistically significant. There is a loss of areas withadttlements and a relatively rapid
densification of settlements within FUA. Trends in vegetation cover within UGI are stable within the densely
built areas, in core cities and commuting zones. The trend is increasing slightly in areas that ademnsely

built (and this is quite expected, as vegetation tends to grow). However, when we measure the difference
between the share of urban green infrastructure where there is a relevant increase and loss of vegetation, we
note a negative balance.
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Table 3.1.5. EU28 aggregated urban condition indicators. Urban ecosystem condition: Baseline value, trends and confidence scores imsiiffticat@thodological
details see chapter 2).

. Short-term Short-term | Long-term Long-term
- Baseline Short-term Long-term
Condition . : trend (% trend trend (% trend
Indicator Unit value trend . trend )
class (2010) per (change) confidence per (change) confidence
decade) 9 score (3-9) decade) 9 score (3-9)
Background nitrous oxide (NO2) pHg/m3 9.77 -30.1 ¢ 5 -20.52 ¢ 5
Fine particulate matter (PM 2.5) pg/m3 10.40 -25.05 ¢ 5 -23.80 ¢ 5
Particulate matter (PM 10) pg/m3 13.00 -18.35 ¢ 5 -21.48 ¢ 5
Sum of ozone means >35 ppb ppb 2082.73 -0.90 ¢ 5 -5.21 ¢ 5
Environ i
mental Egi[;lél(itls%r:jg;(posed to road % 37.01 3.82 C 6 unresolved
((q[;jr?)lllst?/cal Bathing water quality in poor condition % 1.97 -31.82 ¢ 8 -27.39 o 8
and pathing water quality in good or % 74.13 19.69 ¢ 8 13.25 ¢ 8
chemical (I:a)xce le? condi |ont - t
quality) opufation connected to urban water % unresolved unresolved
waste collection and treatment plants
Concentration of nutrients and biologic
. mg/| unresolved unresolved
oxygen demand in surface water
Population exposed to air pollution % unresolved unresolved
abovethe standards
Share of dominant land types within o = =
FUA Dominant artificial & 584 03 > 4 0.49 & 4
Share of G!ommant_land types within % 5168 087 & 4 157 & 4
FUA Dominant agriculture
Share of dominant land types within o = B
Structural | FUA Dominant natural and semitural & 21.0 0.15 > 4 0.23 > 4
ecosystem | Share of dominant land types within o = =
attributes | FUA No dominant land type & 15.4 0.55 c 4 0.75 c 4
(general) Dimension
U_rban Structure Degree of settlement less 33.99 -13.63 5 6 -11.30 5 6
dispersion
[0-140]
Urban Structure Share of FUA grid % 3.60 0.28 5 6 0.37 5 6

classified as highly compact
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Urban Structure- Share of FUA grid

o ; % 6.99 0.46 D 0.60 D
classified as continuous
Urbarj.Structure Shareof FUA grid % 30.08 21 5 244 5
classified as dense
Urbalj.Structure Share of FUA grid % 17.66 -4.24 5 281 5
classified as notbuilt
Ve.getatlon cover in core city densely [0-1] 0.43 unresolved 0.098 =
built areas.
Vegetauon_cover icore city not [0-1] 058 unresolved 0227 &
densely built areas
Vegetauon.cover in commuting zone [0-1] 0.45 unresolved 0013 &
densely built areas.
Vegetation cover in commuting zone [0-1] 0.59 e 0.24 &
not- densely built areas
Balapce betvv_een abrupt ch.anges withi unresolved 436 5
UGl in core city densely built areas
Bala_nce betvv_een abrupt chan_ges withi| Difference unresolved .0.48 5
UGl in core city netlensely built areas between
Balance between abrupt changes withi| share of
UGI in in commuting zone densely buil{ greening unresolved -6.36 D
areas. and
Balance between abrupt changes withi| browning
UGI in Commuting zone notlensely unresolved -0.07 C
built areas
Structural ecosystem attributes monitored under the|
EU Nature directiveand national legislation
% unresolved unresolved
(Percentage of urban ecosystems covered by Natur
2000)
Structural
soil Soil organic carbon a/kg unresolved unresolved
attributes

¢ : Significant improvement (significant upward trend of condition indicator);No change (the change is not significantly different from 0% per decabe)Significant
degradation (significant downward trend of condition indicatdspiresolved: The direction of the trend is unclear or unknown; data are not available; data are available

but still need to be adapted to the ecosystem typology used in this assessment
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3.1.6.2 In-depth assessment

31.621 Environmental quality

Ervironmental quality was measured using indicators on air and noise pollution, bathing water quality and
population density.

The Environmental Noise Directive (END, 2002/49/EC) is the main EU instrument to identify noise pollution
levels and to trigger thenecessary action both at Member State and at EU level. Environmental noise is

_~adi > _ \\n5 ©°pirVio"_ jm c\mhapg jpo_jjm njpi_ ~“m \c
means of transport (road traffic, rail traffic, air traffic) and from sitesf industrial activity, which have

i " b\odg™ “aa® ”on ji cph\li ¢ \Vgoc») Oc> ?2dm > ~odg”~ \kkg
to, in particular in buikup areas, in public parks or other quiet areas in an agglomeration, in quiet areas in

j ki Njppi oomt ! i "\'m n”~cjjgn' cjnkdolgn \i _ joc m ijd

Environmental noise exposure can lead to annoyance, stress reactions, sleep disturbance, poor mental health
and weltbeing, impaired cognitive functiom children, and negative effects on the cardiovascular and
metabolic system& .

In this assessment, for comparative purposes, we used data on percentage of people exposed to harmful
noise levels derived from roads, which is considered the most widespsmdce of environmental noise.
Unfortunately, the assessment is not completely representative of European cities but it represents the best
data available. Data for only 284 cities were considered comparable, even with a certain level of uncertainty
due to differences in data collection and mapping. In 2012, 431 cities were represented (82.5% of the
agglomerations for which data were requested), and in 2017 there were data for 303 cities (57.2% of the
agglomerations for which data were requested).

In 2017, 78 million people were exposed to harmful levels of noise in-E&Jagglomeration with available

data. The percentage of citizens exposed to road noise remains stable, with a total change (not considered
significant) per decade estimated at + 3.8%. In amslhalf of the cities (43%), the share of population
exposed remains stable, and in 33% we register an increase of population exposed to road noise pollution. In
23% of the agglomeration, there is an improvement. Additional technical details can be fonrttid fact
sheet3.1.104.

With regards toair pollutant concentrations , on the long term and using average data, the situation is

improving for the pollutants considered and the trend is consistent with other assessments which report
specifically on air quality in Europe (EEA, 2019b), however, detailed spatial data weievaitdble. Whether

the air can flow freely can be a huge factor in ambient pollution. For example, a dual carriageway in open
countryside may have lower concentrations than a single carriageway road lined by tall buildings. This is
fijori \'n octji°noam "o»)\ iNdhdg\ mgt ' rdi _ nk> " _ Vi _ ¢
pollution. These factors help to explain why levels of pollution vary so much in different parts of the city and

they could not be captured by the indicators selected for treport. This is the reason why at this scale

the indicators are only partially able to reflect the magnitude of problems connected with air

pollutants.

3.1.6.22  Structural ecosystem attributes

In the fourth MAES report (2016), the concept of urban ecosystems (theosecological system within an
urbanised area) was introduced to the MAES community and considered more suitable for the assessment of
condition of urban areas.

Concepts derived from landscape ecology: land configuration and composition (Zurlini @0&t. 2urlini et al.

-++23%" kmj gd_"~ oc™ ]J\V~fbmjpi_ ajm oc” \Nilgtndn ja no
nk\'od\g \mm\ib h io ja g h ion» r\n pn’ _ 0] m> kj mo
types and on urban structur) G\ i _ ~j hkjndodji5 °rc\V\o Vi _cjr hp~tc

trends in vegetation cover within urban green infrastructure at a very detailed level (within the core city and
commuting zone in areas densely built and pdénsely built). Thisapproach could only be implemented
where consistent and detailed spatially explicit data were available.

1 https://www.eea.europa.eu/airs/2018/environmanid-health/environmentahoise
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The share of dominant land types

Urban ecosystems are composed of biological and physical components which interact with one another in a
specific aea. European urbanized areas are very diverse in regards to their size and the distribution of other
ecosystem types within the city and its surroundings. These structural characteristics are directly linked to
level of pressures, condition of ecosystenad provision of ecosystem services. Previous studies have
demonstrated that 10% of European FUA are dominated by forest, 53% by agricultural land, 27% by artificial
land, and 10% by land with no dominant land type (Maes et al. 2019). In this assessmenm&asured the

share of dominant land types and, in case of change, magnitude and direction of the transition. The share of
dominant land types is a measure of spatial distribution of landscape elements. We used the Landscape
Mosaic (LM) model available iGuidosToolboXVogt and Riitters 2017). The model measures the relative
contributions of land types within a given neighbourhood (or observation area). It was implemented using
Corine Land Cover (2000 and 2018). In this case we were not interested irifspeategories of artificial land

types and CLC allows the boundary effect to be included in the analysis in case of adjacent FUA. Additional
technical details on the urban application can be found in faet sheet3.1.107; chapter 4.3 of this report
focuses on the Land Mosaic applied at European scale. The model classifies a given location according to the
relative proportions of the three land cover types Agriculture, Natural, and Developed in a neighbourhood
surrounding (2.25 ki) that location (Riittes et al. 2000, 2009; Vogt 2019).

Despite the fact that the indicators were not statistically significant, we note an increase in the total share of
areas dominated by the presence of artificial land types and of land characterized by no specific land type
This last category represents all interface zones; areas which, in different degrees, overlap with a sprawled
urbanization and tend to fragment the remaining, relatively natural or rural ecosystems. In parallel, there has
been a generalized decrease imes with a dominance of agriculture and areas with a dominance of natural
and seminatural vegetation.

Direction and magnitude of changes vary according to the size, location and characteristics of cities. However,
at EU level FUA present a decrease igriaultural land and an increase in artificial areas and land with no
dominant land type. Figure 3.1.12 shows the short and long term changes per decade, presented considering
the FUA population size.
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Short term Land Types change (2010-2018)
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Figure 3.1.12. Change (% decade) in the short ahohg term of dominant land types per FUA population

size. (small urban areas [50,000 and 200,000 inhabitants]; medigsize urban areas [200,000 and 500,000

inhabitants]; metropolitan areas [500,000 and 1.5 million inhabitants]; large metropolitan areas.b>million

inhabitants] OECD, 2013).

Changes in share of dominant land types are relatively stable. Figure 3.1.13 presents FUA classified according
to magnitude of change and direction of change (the main direction of transition in case of change df lan
type). In 70.46 of FUA land type changes were negligible (meaning that it was not detectable using CLC). A
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medium magnitude of change characterized 24.8% of FUA. The main direction of change in this case has

] 71 g mnpn ojr\m_ °Gli_pndootkjnk] rpddéc\mokm n ion
4.8% of the FUA there was a major change, with a slightly inverse tendency, signaling an increase in areas
primarily occupied by agricultural or natural land types.

The urban structure

The anaysis of urban structure is based on a spatially explicit approach implemented to estimate the degree

of dispersionof buikpk \ m>\' n) <nnphdi b oc™ ~dm?~pg\m ajmh \'n oc°’
on the calculation of distances between diifent builtup areas on a 2 km buffer around each 1 km grid cell

within each FUA. The index measures the degree of dispersion of urban settlements through a purely
geometric point of view (Romano et al. 2017; Saganeiti et al. 2018). The distance buff2rkofi around each
sub-reporting unit (1 km cell) was chosen following previous works on urban sprawl developed at European
scale (Aurambout et al. 2018). The value 0 represents a fully (100%) fupltenvironment surrounding that

location (2 kn?). A negatie value represents a progressive densification. At European scale such process is
qguantified in order of 11.306 per decade in the long term and 13.63% in the short term.

Changes in settlement patterns are related to morphological changes of urbanized ameadso the diffusion

of artificial elements in the urban fringe. Peudrban rural landscape and petrban forests suffer most from

this dynamic (Colsaet 2017). The phenomenon involves the transformation of large patches of natural
habitats into smaller mes (fragments) which tend to be isolated from the original natural habitat (Saganeiti
et al. 2018), and, in many cases having an impact on the structure and connectivity of them.

As input data of the mode, the Global Human Settlements Layers (GHSL) seak(Corbane et al. 2019). The
data set is available at 30 m, from 1975 to 2014. Additional technical details can be found infaot sheet
3.1.108.

To make interpretation easier, the indicator was classified into six classes which represent catedanibain
structure having an impact on city performance in terms of mobility, urban resilience, ecosystem services and
biodiversity (Cortinovis et al. 2019).
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Figure 3.1.13. Functional urban areas classified in terms of land ggmagnitude and direction of change between 2000 and 2018.
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Box 3.1.2. Urban structure in Padua (ltaly)

The figure presents an example of urban structure in Padua (Italy). We register a progressive incre
compact structurewithin the core city and a progressive densification within the commuting zone in this
at the expense of agricultural areas (souttast) and of a Natura 2000 site (the Colli Euganei Regional Par

Figure: Analysis of urban structure applied to th&JA of Padua (Italy). The maps show the 1 km gr
reclassified in six key categories. The charts show the average degree of settlement dispersion valug
1975 to 2014 and the share of each category in 1975 and 2014. In Padua compact grids increasetivedia
and mainly within the core city, on the contrary the grids characterized by continuous settlements s
replaced areas occupied by sparse and sprinkled settlements. 1km grid data are available for al
European cities.

Degree of settlement dispersion

B - o3 highty compact [l 32 - 100 sprinkled
I o3-o08compact [ > 100 no builtup

0.8-5continuous | | Corecity

5-32sparse Natura 2000
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. N
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Figure 3.1.14 and Bure 3.1.15, respectively, show the share of urban structure categories in each observation

period and the long term change, expressed in percentage per decade, in a sample of European FUA. Helsinki (FI),

Stockholm (SE) and Sofia (BG) have a very simitand with a low share of FUA occupied by compact and
Njpiodipjopn n~oog h ion Vi _\i di *m>\ n° ja nk\ mn’
Stockholm are covered by peurban forest and inland water whereas in Sofia no built areas are raatcupied

by agricultural land (Maes et al. 2019). On the contrary, the FUA of Naples, Padua and Milan (IT) are almost

totally built and no built space areas essentially no longer exist.
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Figure 3.1.14. Share of urban structure categories in a sample of European FUA.
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Figure 3.1.15. Long term change expressed in percentage per decade (18@%4) in six European cities.
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Figure 3.1.16. Status maps of degree of settlement dispersion, average value per FUA (2014). The urban

structure indicator is a dimensionless measure, where 0 = to very dense settlement structure in a horizon of 2
km?.

69



Figure 3.1.16 shows the different degree skttlement dispersion in FUA in 2014. A very high share of dense
settlements, i.e. in Naples or Milan, evidence a situation where the commuting zone (or the cluster of
municipalities around the core city) is assuming the characteristics of a conurbatipf(an extended urban
area).

In the long term, a progressive densification process is reported (Figure 3.1.17 Map B) at EU level. An intense
transition versus a very dense structure (red and orange dots) characterizes FUAs in England, Belgium and The
Netherlands. In the short term, (Figure 3.1.17 Map A) the process demonstrates a relatively rapid urbanization in
eastern, Nordic and Mediterranean cities, probably connected with the stage of economic development of
European cities. However, additional seemnomic data are needed to fully understand the trend.
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Figure 3.1.17. Degree of settlement dispersion, short and letgrm trends. The indicator measures settlements
densification, which by definition can only increase. Pie charts show the proportion of FUA per class of change

(%).
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Structural ecosystem attributes Trendsin vegetation within Urban Green Infrastructure

Urban green infrastructure (UGI) is considered a key element of urban resilience. UGl is a collection of blue /green
spaces with different characteristics in term of size, type of vegetation cover, propert/land use destination
(IV MAES Report 2016).

At EU level, there is a gap in the availability of detailed and consistent data related to UGI and its vegetation
cover that allow monitoring of trends in the UGI structure and distribution. Corine Land @oesrnot capture
UGI and Urban Atlas is available for only 300 cities between 2006 and 2012.

The presence of vegetation within the UGI, measured using the Normalized Difference Vegetation Index (NDVI),
was used as a proxy to estimate the structural ecesym attributes related to urban green. Trend detection in
Normalized Difference Vegetation Index (NDVI) time series can help to identify and quantify relatively recent
changes in ecosystem properties (Teferi et al. 2015; Guan et al. 2018; Jin et al. 3019b

In order to measure how vegetation within UGI has changed over time we used a collection of Landsat composite
images over a 22 years period (1998018). Additional technical details can be found in tfaet sheet3.1.109.

Vegetation trends tend to beighly stable and changes are gradual. In human dominated ecosystems, however,
oc 't \m ijo \Vgr\tn hjijojid~ #jm bm\ _p\lg$ ]po ~\i
2013; Yu et al. 2017). Gradual and abrupt changes have different megs and origins (Zhu et al. 2016; Novillo

et al. 2019):

0 Gradual changes:

b generally caused by vegetation growth, climate change, land degradation, extended drought, pests
as well as other factors;

b develop over a relatively long time periods (5+ years);
0 Alrupt changes:

b generally induced by land cover change (e.g. housing development) or intensive urban green space
management (e.g. tree plantations within a new park);

b can have an impact on greenness within a short time period (1~2 years);
Abrupt changes arelassified according to the trend direction (Jin et al. 2019a):
0 Abrupt greening are defined as relatively fast upward trends in urban vegetation

0 Abrupt browning are defined as relatively fast losses in urban vegetation

Figure 3.1.18 shows a spatially efiqt example of upward major trend detected in Padua (ltaly). The abrupt

bm> "idib ~c\ib> dn _p° o0oj dio indg” pm]\i bm i nk\~"

and new trees were planted.
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NDVI change (1996-2018)
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[ -0.02-0.01 B o001 [ ] corecity of Padova

[ ] 0010

Figure 3.1.18. Example of abrupgreening (upward trend) due to due to green infrastructure management in
Padua core city- not densely built zone (ltaly). A. represents the NDVI change between 1996 and 2018; B

represents the park in 2001 and C represents the park in 2018.
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NDVI change (1996-2018)
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Figure 3.1.19. Example of abrupt browning (downward trend) due to housing policies in Padua core ity
densely built zone (Italy). A. represents the NDVI change between 1996 and 2018; B represents the area in 2001
and C represents the area with a new residentiahe in 2018.

Figure 3.1.19 shows an example of downward major trend detected in Padua (Italy). The abrupt browning change
is due the recent residential and commercial development of the clige vegetation trends within UGI were
measured in two stepg1) Estimating the % change per decade (using only significant pixé&)Calculating the
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difference in share of areas characterized by abrupt greening and browning. A negative balance indicates the
absence of an efficient compensation policy to offset whainsumes UG.
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Figure 3.1.20. Average greenness NDVI within UGI in densely built areagdfe cities; B commuting zone) in
2010.

Figure 3.1.20 shows the average value of greenness NDVI within UGI in denselgreait. The pattern confirms
previous studies with European cities characterized by an evident natluth pattern (Maes et al. 2019).

Over the last 22 years, a general slight upward trend characterizes the presence of vegetation within UGI in
European cies. The upward trend is extremely gradual over time. This is probably due to climatic conditions and
rapid urbanization (see Table 8). Within core cities and commuting -ztamesely built, the trend is classified as
stable; in notdensely built areas, a tative upward trend is recorded (average value for EU cities is reported in
Table 8).

The spatial pattern that characterizes European cities is clearer whemmaysethe maps. Figure 3.1.21 shows
the trend in vegetation cover of UGI in densely built asgavithin core cities and commuting zones). A downward
trend characterizes 26.3% of core citiesdensely built. The proportion of urbanized areas in which there is a loss
of vegetation in UGI increases in the commuting zone, where 32% of the cities preseshdsvnward trend.

A negative balance between abrupt changes (greening and browning) has been recorded at EU level (average
value for EU cities is reported in Table 8). This indicator depends on abrupt changes generally attributed to
intensive urban greemanagement and land use change. A negative pattern is a sign that, in general, European
cities did not undertake the indispensable initiatives needed to maintain an efficient urban green infrastructure
and no clear compensation policies have been implement

Figure 3.1.22 shows that, with different order of magnitude, the negative balance affects most parts of European
cities (75% of core cities and 77% of commuting zones in densely built areas). Even considering the relatively
stable trends (due to the ature of the processes) there have probably not been consistent actions to compensate
the loss of vegetation within UGI. Compensating for land take is fundamental. Clear actions should be
implemented in the form of not only large (such as motorways or Imgsis areas), but also sma#lized projects.
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