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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 on Biological 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 particular with respect to the
ecosystem restoration agenda for the next decade (2020-2030).

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

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

e Land take, atmospheric emissions of air pollutants and critical loads of nitrogen are decreasing but the
absolute values of all these pressures remain too high.

e Impacts from climate change on ecosystems are increasing.

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

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

e In forests and agroecosystems, which represent over 80% of the EU territory, there are improvements in
structural condition indicators (biomass, deadwood, area under organic farming) relative to the baseline
year 2010 but some key bio-indicators such as tree-crown defoliation continue to increase. This
indicates that ecosystem condition is not improving.

e Species-related 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, crop pollination, and nature-based 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 decrease the condition of ecosystems and their contribution
to human well-being.

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 ecosystems, mainly 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 is made in certain areas such as pollution 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 restoration of Europe’s ecosystems.
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Executive summary

Background and context

Europe’s ecosystems, on which we depend for food, timber, clean air, clean water, climate regulation and
recreation, suffer from unrelenting pressures caused by intensive land or sea use, climate change, pollution,
overexploitation and invasive alien species. Ensuring 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 ecosystems including marine and freshwater
ecosystems, natural and semi-natural 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 decline that condition, and the impacts on
ecosystem services, with the benefits they deliver to people, is key to effective management, decision-making
and policy design. Such an understanding helps target actions for conservation or restoration and more broadly
sustainable use.

The Biodiversity Strategy to 2020 includes the development of an integrated framework to monitor whether the
actions undertaken are delivering on the ground. This assessment presents the changes in pressures and
ecosystem condition in the 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 lakes, and 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 million km?). On land (4.4 million km?
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%), urban 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 years apart from urban areas, which
increased in size with a rate of 3.4% per decade. Agroecosystems, inland wetlands, heathlands and shrub slightly
decreased since 2010 (<19% per decade).

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 ecosystems, mainly 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 largely
unfavourable. This conclusion is based on the data from recent 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 share of
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 trends in land take,
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 are the 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 concern are observed in all ecosystems. Their impact is
particularly high in urban ecosystems and grasslands. When considering habitats protected by the Habitats
Directive, invasive alien species of union concern are most often reported by member states in coastal habitats,
followed by forest and freshwater habitats. Pressures 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 phosphorus to the environment, the combination of these pressures and their possible



interactions with climate change and the further spread of invasive alien species are causing serious
threat to the EU’s biodiversity and ecosystems.

The analysis of trends in ecosystem condition delivers also a mixed outcome. In the long term, air and
freshwater quality is improving. In forests and agroecosystems, which represent over 80% of the EU territory,
there are improvements in structural condition indicators (biomass, deadwood, area under organic farming)
relative to the baseline year 2010 but some key bio-indicators such as tree-crown defoliation continue to
increase. This indicates that ecosystem condition is not improving. Species-related 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, crop pollination, and nature based 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 creates risks of further eroding the condition
of ecosystems and their contribution to human well-being.

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. Within this area, 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 remain a concern even if the trends point in the right direction. Invasive alien species
and insect infestations are a serious concern. The condition of forest is, on average, considered as
degraded. For example, one out of four trees (25%) shows defoliation levels indicating damage. Additionally, the
trend in defoliation is upward, resulting in further degradation. Only between 2% and 4% of forests are
primary forests undisturbed by man. The abundance of common forest birds did not show significant
changes in the long-term. 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 wood. The ratio between forest
available for wood supply and protected forests in the EU is 6:1. So for each square kilometre of protected
forests there are six square kilometres of potentially productive forest land.

Agroecosystems cover about 48% of the EU land area (36.4% cropland and 11.4% 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 semi-natural habitats such 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 area, only 14.3% of grassland habitats are in a
favourable 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 remain at a constant but high level of 380 000
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 of agro-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 EU. Structural condition indicators (landscape mosaic, crop diversity, share of dominant
crop, high nature value farmland, and share of protected agroecosystems) are stable; organic farming has
notably increased reaching 7.03% of the utilized agricultural area. The 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
339% 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 scrubs 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). Atmospheric nitrogen deposition dropped by 22%. However, a low 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 of heathlands 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 snow-fields, 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 Directive. 25.4% of rocky
habitats is in favourable conservation 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 EU land 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
protected 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 contributing to 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 beyond their
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 condition of urban ecosystems suggest degradation. Urban 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. The share 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
recovery. In particular, riparian 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 Directive but the
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. Data gaps limited the analysis of trends in the inputs of nutrients, contaminants and litter. EU
fishing is becoming more sustainable, but many stocks are still overexploited. Pressure 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 ecosystem condition 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 versus the Mediterranean and Black Sea.

Soils are estimated to cover 4,153,047 km2 of the EU’s terrestrial ecosystems (or 94.4%). Organic soils, more
commonly referred to as peatlands, account for around 6.5% of the soil area. The remaining 93.5% are mineral
soils. Soils are under pressure from 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 pollution (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 short-term soil erosion rates in 2016 show a limited
decrease of 0.4% in all lands and 0.8% in arable lands compared to 2010. Long-term trends (2000-2010) 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 policy). However, soil erosion
by water across the EU (2.45 tonne per ha per year) is above accepted soil formation rates (between 1.4
and 2 tonne per ha per year), which means that the soil ecosystem will continue to degrade. Mineral
cropland soils exhibit the lowest soil carbon stocks of all land cover types apart from artificial areas and may
already have reached a minimum equilibrium. Croplands and grassland soils exhibit a slight decrease in
soil organic carbon stocks between 2009 and 2015 of about 0.06% and 0.04% 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 as pollution 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
restoration of Europe’s ecosystems.

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

This report used 2010 as a policy baseline against which changes in pressures and ecosystem condition are
evaluated. However, subsequent 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 framework for aggregating different indicators into a single conclusion
about the condition of ecosystems.

The capacity of the EU to monitor biodiversity and ecosystems needs to be enhanced. A better biodiversity
and ecosystem monitoring system is essential not only 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 biodiversity 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 framework for organizing 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 sustainable investments, is essential to mainstream biodiversity and ecosystems in the
reference scenarios and models used for policy and decision-making on climate, agriculture, energy, or transport.
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How was the assessment organised? The ecosystem assessment is designed in four main parts: 1) thematic
ecosystem assessments, 2) crosscutting assessments, 3) an integrated assessment and 4) integrated narratives
on key policy issues. The thematic ecosystem assessments describe the trends of the condition of different
ecosystem types. The crosscutting assessments feed the thematic assessments with specific datasets but also
provide a stand-alone analysis on their topic. The integrated assessment presents a summary of the different
assessments. Concrete examples or story lines (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
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Cross-cutting ecosystem assessments: Pressures, condition and services across ecosystem types

Invasive . Ecosystem Services: Crop provision — Timber provision —
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How were the trends in pressures and ecosystem condition analysed? The different thematic ecosystem
assessments used indicators to analyse trends in the pressures on ecosystems and in ecosystem condition. Every
pressure and condition indicator used in this assessment has been analysed for short-term (since 2010) and
long-term trends (before 2010). The assessment teams investigated the presence of upward (improvement) or
downward (degradation) or no trends (no change). The analysis was based on relevance of the change (changes
higher than 5% over 10 years) and statistical significance. Each indicator was also subject of a confidence
analysis, to determine how reliable the data lend themselves to making statements about the trends in
ecosystems.

13




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 loss by 2020.
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 conserve threatened habitats and species. Target 2 states ‘by 2020, ecosystems and their services
are maintained and enhanced by establishing green infrastructure and restoring at least 15% of degraded
ecosystems’.

Action 5 of the Strategy, better known as Mapping and Assessment of Ecosystems and their Services (MAES),
states ‘Member States, with the assistance of the Commission, to map and assess the state of ecosystems and
their services in their national territory, assess the economic value of such services, and promote the integration
of these values into accounting and reporting systems at EU and national level by 2020’. The work formally
started on 22 September 2011 with a stakeholder workshop in Brussels.

Assistance of the Commission as stated in Action 5 comprises a supplementary EU-wide 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 and to ensure 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 Project on an Integrated system of Natural Capital and ecosystem services Accounting in
the EU (KIP-INCA) 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 Intergovernmental Science-Policy 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 delivered 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 conditions linked to the mid-term 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 biodiversity to people 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, which allows for inclusion in accounting frameworks (i.e. CICES - the Common International
Classification of Ecosystem Services ). Guidance on indicators is available for assessing ecosystem condition and
ecosystem services per ecosystem type.

A second achievement 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 developments of MAES at national level (European Commission,
2019). The level of implementation of Action 5, measured in September 20189, is over 70 percent overall.

A third key outcome has been the guidance on how to integrate ecosystem knowledge collected under 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 assessment 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 these changes impacted 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, which will assess
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) relative to 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 and semi-natural 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 reduced.

The main driver of these processes is land/sea-use 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 in marine 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 likely to continue 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 obligations under 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 (EEA, 2015). The
assessments report for the period 2007-2012 assigns a favourable conservation status to only 16% of the
habitats. 77% of the EU’s most vulnerable habitats are in an unfavourable conservation status. Protected species
score slightly better. 23% of 2665 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 in the EU, still 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 Directive (WFD). The latest assessment results indicate that around 40%
of surface waters (rivers, lakes and transitional and coastal waters) are in good ecological status, and only 38%
are in good chemical status (EEA, 2018).

1.1.3 The European Green Deal and the EU Biodiversity 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
restoring ecosystems 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 on 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 (Maes and Jacobs, 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 binding 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 an EU-wide
methodology to map, assess and achieve good condition of ecosystems 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 about the state and 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 habitats and species as well as the environmental ambitions on freshwater and marine
ecosystems have a well-defined thematic and geographical scope. This assessment goes beyond covering the
entire terrestrial and marine territory of the EU and in many cases provides more 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 impacted and
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 spaces are important providers of provisioning, requlating 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 the curve of 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 pressures and their
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 cost-effective restoration efforts.

1.2 Policy questions

This ecosystem assessment serves two 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 ecosystem 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:

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

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

e What are the current levels of 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?

e What are possible synergies and trade-offs between ecosystem services and how can future policy
decisions e.g. sectoral decision-making be informed to ensure optimal outcome to enhance biodiversity.

Providing answers to these questions required a joint approach with researchers, data-providers, stakeholders
and policymakers at EU level. So regular science-policy 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 ecosystem services. The 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 and 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 ongoing assessments 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 EU-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 this territory.

1.4 Outline of the report and timeline of the assessment

14.1 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 assessment results. The status and trends of ecosystems in Europe have been
assessed using an indicator-based approach with indicators that are regularly updated from 2010 to 2020,
underpinned by spatially-explicit or EU aggregated datasets collected at European scale, which were severe
limitations to their selection. These chapters use a common reporting format and contain policy-specific
messages that can be considered for the post 2020 biodiversity policy.

Chapter 3 (Thematic ecosystem assessments) delivers a set of 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, sparsely vegetated
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 available.

Chapter 4 (Cross-cutting 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 on a higher 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 society and 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 ecosystem types.

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

142 Timeline

The starting shot for the EU wide ecosystem assessment was given on 25 September 2018 at the 16th meeting
of the MAES Working Group with 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 the Finnish Presidency 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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2 A common framework for the assessment of the condition and trends of
ecosystems and their services

Coordinating Lead Authors: Joachim Maes (JRC.D.3), Anne Teller (ENV.D.2), Markus Erhard (EEA)

Contributing Authors: Sophie Condé (ETC/BD), Sara Vallecillo (JRC.D.3), José I|. Barredo (JRC.D.1), Maria Luisa
Parracchini, Andrea Hagyo, Carlo Rega (JRC.D.5), Grazia Zulian, Chiara Polce, Georgia Kakoulaki (JRC.D.3/JRC.C.2),
Olga Vigiak, Bruna Grizzetti, Francesca Somma, Anna M. Addamo (JRC.D.2), Peter Vogt, Achille Mauri (JRC.D.1),
Marco Trombetti, Dania Abdul Malak, Ana |. Marin (ETC/ULS), Eva lvits (EEA), Balint Czucz (JRC.A.5), Fernando
Santos-Martin (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 whole EU-28 territory, including the EU marine 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 assessments per ecosystem type and cross-cutting 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 provides information about the common methods that have been
used to derive conclusions about the state and trends of Europe’s ecosystems.

2.2 Scoping

The ecosystem assessment was prepared with a scoping paper (Maes et al., 2018) which developed proposals
and working approaches 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 INCA! Meeting in Ispra, Italy on 17 and 18 July 2018. The
paper described the scope of the assessment, highlighted 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 meeting: a meeting 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 ecosystem assessment:

e What is the current condition of the different ecosystem types in the EU and how has this condition
changed relative to 2010?

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

e 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

e What are possible synergies and trade-offs between ecosystem 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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e The collection of datasets to map and assess ecosystem condition, pressures and ecosystem services
needs to cover the territory of EU-28 and the EU marine regions.

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

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

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

e The assessment has to take full account of the data reported 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.

e 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 2030 (European Commission, 2020).

Meeting these requirements needed a joint approach with researchers, data-providers and policymakers at EU
level. Whereas these questions can be addressed independently, a common synthesis and an integrated
assessment are mandatory 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 has been further fine-tuned during the assessment phase. The
ecosystem assessment is structured around four main parts: thematic ecosystem assessments, cross-cutting
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 produced statistics 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 Mediterranean Sea and the Black Sea.

The cross-cutting 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 cross-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 cross-cutting assessments are 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 spatial distribution 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 describing 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, how the use 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
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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 framework developed 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 framework was
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:

A conceptual 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 how pressures, condition and services are
interrelated and these assumptions can be tested within and across ecosystems using the data collected
under this ecosystem assessment.

A common assessment framework that describes the different steps of ecosystem assessment 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 framework is published as a journal article (Burkhard
et al, 2018). The common assessment framework provides an operational basis for this EU wide
ecosystem assessment.

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

A selection of indicators per ecosystem type to assess the pressures, condition (fifth MAES report) 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 team consisting 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 used by the European Commission.

Every thematic ecosystem assessment and every cross-cutting 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 European 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 data for 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), information about 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 assessment 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
conclusions 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 specific policies 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 services 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 allowed an in-depth
discussion on the assessments across all ecosystem types and for the 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 up to date
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 Brussels. The 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 Presidency of the Council of the EU.

Following this first presentation, the draft assessment has been extensively peer-reviewed 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 policymakers 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 EU-28 which comprises the following countries: Austria, Belgium,
Bulgaria, Croatia, 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 Kingdom left 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 north-east Atlantic Ocean, the Baltic Sea, the Mediterranean
Sea, and the Black Sea.

The EU’s outermost regions (Guadeloupe, French Guiana, Réunion, Martinique, Mayotte and Saint-Martin (France),
the Azores and Madeira (Portugal), and the Canary Islands (Spain)) are not included in this report with the
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 ecosystem types 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 types: marine 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 chapter of wetlands; 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 cover data (see section
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, (2) to analyse 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 most recent
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 calculations, particularly 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 assessment but it is a 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
correspondence between the CLC level 3 classes and the MAES ecosystem types.

The European Environment Agency also produced an ecosystem map? to refine the MAES ecosystem types using
EUNIS habitat information. The current version (01 July 2020) is version 3.1. The ecosystem 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/data-and-maps/data/ecosystem-types-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
Urban fabric Cc.)ntlnu.ous urban fabric .
Discontinuous urban fabric
Industrial or commercial units
Industrial, Road and rail networks and
commercial and associated land
Artificial transport units Pprt areas
Airports Urban ecosystems
surfaces - - -
. Mineral extraction sites
Mine, dump and -
. . Dump sites
construction sites - -
Construction sites
Artificial, non- Green urban areas
agricultural Sport and leisure facilities
vegetated areas
Non-irrigated arable land
Arable land Permanently irrigated land
Rice fields
Vineyards CleplEn
Permanent crops | Fruit trees and berry plantations
Olive groves
Agricultural | Pastures Pastures Grassland
areas Annual crops associated with Terrestrial
permanent crops
Complex cultivation patterns
Heterogeneous — -
. Land principally occupied by Cropland
agricultural areas ) o
agriculture, with significant
areas of natural vegetation
Agro-forestry areas
Broad-leaved forest
Forests Coniferous forest
Mixed forest
Scrub and/or Natural grasslands Grassland
Fore;t and herbacepus Moors and heathland . Heathland and shrub
semi vegetation Sclerophyllous vegetation
natural associations Transitional woodland-shrub ﬁ
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 courses 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 level 2 ecosystem types
(Table 2.1). To this end, the CLC accounting layers have been used*. The 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 2000-2006, 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
approach 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 the extent of
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 territories. 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, agroecosystems and freshwater therefore also
report using additional data sources that estimate the total size or extent of the ecosystems in the EU-28. 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 to include or 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 urban areas
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 for wetlands. 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 areas with 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 indicator fact sheets
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 been used as
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 chapters:

e 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 2000-2012 and version v20b2 for 2018 have
been recommended for usage to all the thematic and 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..

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

e The quantification of ecosystem services is based on the CLC accounting layers, in essence to be aligned
with the rules on ecosystem accounting (Vallecillo et al. 2019).

4 https://www.eea.europa.eu/data-and-maps/dashboards/land-cover-and-change-statistics
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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 by the Member States every six years. There are currently three assessment
cycles reported: 2000-2006, 2007-2012, and 2013-2018. The third cycle is reported in 2019. The EU wide
assessments are published as State of Nature reports (EEA, 2015a, 2020).

The conservation 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 favourable conservation 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. The outcomes 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 qualified as good. In a final step, assessments per Member State are aggregated into an
assessment at the level of the EU based on an area-weighed aggregation (EEA, State of Nature report,
forthcoming).

Following the review of the report and the chapters on ecosystem 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 conclusions of the conservation
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 assessments of 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 of these 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, grasslands, 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 habitats in 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 lakes there is 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 the MAES 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, results in summary 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 any 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 ecosystem type). 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 (also per broad 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 to different MAES ecosystem types with important shares to both grasslands and heathlands and
shrubs and lower shares to forests, wetlands and sparsely vegetated land.

27



Table 2.2. The number of Annex 1 habitats per MAES ecosystem type and per Annex 1 broad habitat 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 31 32 33 | 34 35 36 | 37
8| B

MAES ecosystem types — ) = ° &2
£ < g @ =
g 3 o | S| 2| 5| B
wn © o © —_
o [< 1 ] o = 0 ok T O
Q o g o 1) o S " Ll
5 o 5 3| 8| x| | 2

{ Annex 1 broad habitat group o = a hZ: =

(number of habitats) o o g =

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 0o | 20

Heath & scrub (12) 0 0 0 0 0 12 0 0

Sclerophyllous scrubs (13) 0 0 0 0 0 13 0 0

Grasslands (32) 0 0 32 0 0 0 0 0

Bogs, mires & fens (12) 0 0 0 0 12 | O 0 0

Rocky habitats (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 entire territory of the EU-28
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 habitat amounts to 1.65 million km? 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 order to better 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 33 34 35 36 3.7
a e

MAES ecosystem types — ) =, ] a2

E = Rl 4] £

@ 5 g 5 £ % @

0 o o Rl S L]

z| & 5 g = 5 g = z B

S g " e = 0 o S ] s

Q o ) (s} 7] hs) g w [t

c S 8 L = % > g GEJ
d Annex 1 broad habitat group (number of _rés = a hE: =
habitats) ) i a g

T &

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 O | 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 used in this assessment
as there is currently no common set of rules to assign species to different ecosystem types.

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

A common approach was used to enable consistent final conclusions about 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 baseline value for
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 particular 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 organise the presentation 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
ecosystem condition 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 biological quality 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 nitrogen deposited 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/l). 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 receive special 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 conservation status 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 conversion)
Introductions of invasive alien species
Pollution and nutrient enrichment
Pressures -
Over-exploitation
Climate change
Other pressures
Environmental
quality
(physical and
chemical quality)
Structural ecosystem attributes (general)
Ecosystem Structural ecosystem attributes based on species
Condition Structural ecosystem diversity and abundance
Ecosystem . - -
) attributes Structural ecosystem attributes monitored under
attributes N
(biological quality) the EU nature directives
S a ¥ Structural soil attributes
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 cross-cutting 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 core set of 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 term. Short 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 dynamic 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 crosscutting assessment follows is:
e Establish a baseline value for each indicator (an indicator value for 2010);

e Assess the short-term trend (2010 to 2018) as the percentage change per decade (10 years) of each
indicator; and

e |f data are available assess the long-term 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 sets (2000, 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 and 2006) 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 short-term and long-term trends, four outcomes are possible (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
(or an earlier baseline year) means the condition is stable, which is labelled as “no change”, the condition
improved (improvement); the condition declined (degradation), or the indicator does not allow any conclusion
(unresolved):

e No change (the change is not significantly different from 0% per decade): the condition of the
ecosystem remained the same.

e A significant 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.

e A significant degradation (significantly 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 ecosystem).

e 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 data was 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 condition of ecosystems relative between
To and Tend 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 which have data 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 formula 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

(Y2-v1)
T2-T1

For indicators based on CORINE Land Cover the datasets CLC2006 and CLC2012 were used to calculate the
baseline value for the year 2010.

Indicator value at baseline year 2010 = X (2010 — T1) + Y1 (Equation 2.1)

2.9.4 Methodology for calculating trends and their significance

This assessment presents trends as the percentage change 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).

_ (Xiast year—Xfirst year 10 .
percent change per decade = ( P X 100) X (—last Sear—first year) (Equation 2.2)
where X are the values of the indicator. The right factor converts the percentage per year to a percentage per
decade. E.q. 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 case of indicators 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 percentage or a 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:

10
last year—first year

percent change per decade = (Xlastyear (%) — Xtirst year (%)) X ( ) (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:

Slopex10
Intercept+Slope x2010

percent change per decade = x 100 (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
on the 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) using a procedure that combines policy relevance with
statistical significance.

The following procedure applies to all indicators:

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

e In case the change level falls within the interval of -5% and +5% per decade, no change is assumed. In
these cases, it is advised 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 indicator. The indicator fact sheets
contain information about the statistical test used for detecting change®.

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

The 5% per decade rule is based on the precautionary principle. Even in absence of statistical significance, we
consider 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. By highlighting 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 test. The selected threshold in the level of change
corresponds to +0.49% per year (or -0.51% per year for declining trends) and to +63% per 100 years (or -40%
per 100 years for declining trends). It is useful to refer to the IPBES global assessment to contextualise losses 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 by at 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 details on 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 Eurostat uses 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 pressures. Applying 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.

> The general recommendation to the thematic and crosscutting assessments was (1) in case of a small number
of observations (N<4) to use the classic t-test for dependent samples or its non-parametric variants (Wilcoxon
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 squares regression. Non parametric alternatives to estimate regression slopes
are then Theil-Sen estimator and the Mann-Kendall 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: low confidence, 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 change of a particular 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
variations 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 very dynamic process with high natural inter-annual 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 dynamics of 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 assigning levels of
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

change Description Examples of indicator types

Strong year to year variations with
long term and short term time
trends superimposed on each other
due to a fast response of the
variable to changed environmental
conditions.

Abundance of species
Recruitment processes
Ecosystem productivity
Ecosystem functions
Climate variables

Highly variable

Species diversity (number of species)
Physical-chemical variables of water quality
and air quality

Soil indicators

Moderate year to year variations
with a clear long term and

Moderately variable deviations due to short term time

trends . . .
Invasive alien species
Low year to year variations with a Emissions of pollutants
Moderately stable clear, monotonous upward, stable or | Deposition

downward trend

Land cover and land use change
Fragmentation

Landscape mosaic

Land take

Natura 2000 coverage
Conservation status of habitats

Hardly any year to year variations;
Slow processes which take years to
manifest

Highly
stable

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 highly variable to highly stable) as defined in Table 2.5.

34




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

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

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

e The method used to 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 of 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 other structural 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 2.6 implies that the short-term trends always have a lower confidence than the long-term 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 data and can thus
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 vector-based geometries 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 indicators in order 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 spatially-explicit condition
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
improvement 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 assessment (the 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 condition indicators, which is necessary to make a
more informed decision on whether ecosystems are improving, stable or degrading®. The change maps in
combination with data on extent are used to assess the total area of ecosystems under a specific outcome.

& A more elaborated assessment approach needs to address the following question: Assume that ecosystem
condition is assessed based on 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 final conclusion (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.qg., 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 assessment and 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, Low confidence LC).

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
iabl alien species | qualit Data as
variable - P 2 9 y - >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 n;\:\/ d
Moderately | Pollution Structural observations (field validated ?:gm c;nor
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 .
I - - L . 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

36




References

Burkhard B, Santos-Martin F, Nedkov S, Maes J (2018) An operational framework for integrated Mapping and
Assessment of Ecosystems and their Services (MAES). One Ecosystem 3. e22831.
https://doi.org/10.3897/oneeco.3.e22831

EC (European Commission) (2020) Communication from the Commission to the European Parliament, the
Council, the European Economic and Social Committee and the Committee of the Regions. EU Biodiversity
Strategy for 2030. Bringing nature back into our lives. https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX:52020DC0380. Consulted on 10/06/2020.

EC (1992) ‘Habitats Directive: Council Directive 92 / 43 | EEC of 21 May 1992 on the conservation of natural
habitats and of wild fauna and flora’ (http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:319921L.0043)
consulted on 26/06/2020

EEA (2015) ‘State of nature in the EU: Results from the reporting under the Nature Directives 2007-2012’,
EEA Technical Report No 2/2015, European Environment Agency http://www.eea.europa.eu/publications/state-
of-nature-in-the-eu consulted on 26/06/2020.

EEA (2015) EU 2010 biodiversity baseline — adapted to the MAES typology (2015). EEA Technical Report
9/2015, https://www.eea.europa.eu//publications/eu-2010-biodiversity-baseline-revision

EEA (2018) Natural capital accounting in support of policymaking in Europe - A review based on EEA
ecosystem accounting work, EEA Report No 26/2018. https://www.eea.europa.eu/publications/natural-capital-
accounting-in-support, consulted on 26/06/ 2020.

Eurostat (2019) Sustainable development in the European Union. Monitoring report on progress towards the
SDGs in an EU context - 2019 edition. Publications Office of the European Union, Luxembourg.

IPBES (2019) Summary for policymakers of the global assessment report on biodiversity and ecosystem
services of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. S. Diaz, J.
Settele, E. S. Brondizio ES., H. T. Ngo, M. Gueze, J. Agard, A. Arneth, P. Balvanera, K. A. Brauman, S. H. M.
Butchart, K. M. A. Chan, L. A. Garibaldi, K. Ichii, J. Liu, S. M. Subramanian, G. F. Midgley, P. Miloslavich, Z. Molnar,
D. Obura, A. Pfaff, S. Polasky, A. Purvis, J. Razzaque, B. Reyers, R. Roy Chowdhury, Y. J. Shin, I. J. Visseren-
Hamakers, K. J. Willis, and C. N. Zayas (eds.). IPBES secretariat, Bonn, Germany.

MA (Millennium Ecosystem Assessment) (2005). Ecosystems and human well-being: biodiversity synthesis.
Millennium Ecosystem Assessment, World Resources Institute. Washington, D.C. (USA).

Maes J, Teller A, Erhard M, et al. (2013) Mapping and Assessment of Ecosystems and their Services. An
analytical framework for ecosystem assessments under action 5 of the EU biodiversity strategy to 2020.
Publications office of the European Union, Luxembourg. [first MAES report]

Maes J, Teller A, Erhard M, et al. (2014). Mapping and Assessment of Ecosystems and their Services.
Indicators for ecosystem assessments under Action 5 of the EU Biodiversity Strategy to 2020. Publications
office of the European Union, Luxembourg. [second MAES report]

Maes J, Zulian G, Thijssen M, et al. (2016). Mapping and Assessment of Ecosystems and their Services. Urban
Ecosystems. Publications office of the European Union, Luxembourg. [fourth MAES report]

Maes J, Teller A, Erhard M, et. al. (2018) Mapping and assessment of Ecosystems and their Services: An
analytical framework for ecosystem condition. Publications office of the European Union, Luxembourg. [fifth
MAES report]

Maes J, Teller A, Erhard M (2018) Shaping an EU wide ecosystem assessment. Scoping paper for an
assessment of the state and trends of ecosystems and their services under Action 5 of the EU Biodiversity
Strategy to 2020. 21 pp

Stevens, SS (1946). On the Theory of Scales of Measurement. Science, 103, 677-680.

Vallecillo S, La Notte A, Ferrini S, Maes J. (2019) How ecosystem services are changing: an accounting
application at the EU level. Ecosystem Services 40:101044. https://doi.org/10.1016/j.ecoser.2019.101044

37


https://doi.org/10.3897/oneeco.3.e22831
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52020DC0380
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52020DC0380
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:31992L0043
http://www.eea.europa.eu/publications/state-of-nature-in-the-eu%20consulted
http://www.eea.europa.eu/publications/state-of-nature-in-the-eu%20consulted
https://www.eea.europa.eu/publications/natural-capital-accounting-in-support
https://www.eea.europa.eu/publications/natural-capital-accounting-in-support
https://doi.org/10.1016/j.ecoser.2019.101044

3 Thematic ecosystem assessments

This chapter consists of seven sections which describe the trends in pressures and 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
ecosystems (section 3.7).

Every section or 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 is devoted 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 methods are 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 pressure and condition is presented first with a table summarizing all available
statistics at EU-28 level. This table is then followed by an in-depth assessment where for selected indicators
more spatial and temporal detail is provided.

The different thematic ecosystem assessments have been carried out by different research teams. So each
section mentions the coordinating and contributing authors. The first coordinating author is the main point of
contact for questions regarding the ecosystem assessment under his or her supervision. The section also lists
the reviewers that 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 the review of Chapter
3. Therefore, most soil indicators that are referred to in Chapter 3 have not been quantified and trends are
reported as unresolved. Please 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 of indicator fact sheets which provide additional
details on the data used in this assessment (metadata, maps, and data) and where appropriate the statistical
details of the trend analysis. The fact sheets are encoded with 5 digits of which the first two refer to the
section number, the third to pressures (1) or condition (2) and the two last digits refer to the order of
appearance in the section. All the fact sheets of this report are bundled in a separate supplement of this
report.

This supplement can be downloaded here: https://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), Sara Vallecillo, Joachim Maes
(JRC.D.3)

Reviewers: Christina Corbain (JRCE.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, directly and indirectly, connected with quality of life and well-being 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 Sustainable Development goals, the priority objectives of the 7th
environmental action program (EAP) on “Sustainable cities: "Working together for common solutions, “Building
a climate-neutral, green, fair and social Europe” is one of the four priorities of the 8th Environment Action
Programme, where the need to “...to improve the environment in our cities and our countryside...” is made
explicit. Greening urban and peri-urban areas is also an objective of the recently adopted EU Biodiversity
Strategy for 2030.

Urban ecosystems are cities and the surrounding, socio-ecological 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, lakes and 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 of the 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 exposure. 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 considering 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 been characterized 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 (defined 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 land use change, 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 semi-natural
patches and consequential 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 regional eco-networks. 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, urban biodiversity and urban their ecosystem services.

3.1.1 Introduction and description of urban ecosystems

Urban ecosystems are cities and the surrounding, socio-ecological systems where most people live (Maes, et.
al. 2016). They are very peculiar ecosystem types: 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 consumption and behaviour in one area can affect the health
and wellbeing of people or ecosystems in another. This can be considered a “form of transboundary
environmental trade that transfers adverse impacts and their related costs from one jurisdiction, whether
municipal or national, to another” (Douglas, 2012).

Urban ecology includes people because “...the presence, population dynamics and behaviour of people and the
environmental changes that occur when they construct towns and cities, are central to our understanding of
how urban systems function”.

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 conserving biological diversity; they have an impact on
their close surroundings; and they have an impact across boundaries on other cities or other ecosystem types.

“A better understanding of urban environments will help us to create more liveable cities that provide high-
quality habitat for humans and non-humans alike” (Parris, 2016).

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 the baseline 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
collected. 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 a (legally 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.
Determining 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 determine the 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 composition, policymaking, 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, limited capacity to
tolerate flooding events (and increased risk of flooding due to the high share of impermeable surfaces) and to
cope with urban heat island effect, as well as modest contact with “natural” environments and green spaces.

Urban environmental policies are about to have renewal in agenda and importance. “Sustainable cities and
communities” is Goal 11 of the UN Sustainable Development goals. “Sustainable cities: "Working together for
common solutions” is one of the nine priority objectives of the 7th environmental action program (EAP)’.
“Building a climate-neutral, green, fair and social Europe” is one of the four priorities of the 8" Environment
Action Programme8, where the need to “..to improve the environment in our cities and our countryside...” is
made explicit. “Greening urban and peri-urban areas” is section 2.2.8 of the new Biodiversity strategy to

2030°.
The transition to more resilient cities is a multi-scale process, which implies:
1) Actions at local scale for the implementation of specific policies 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 Green Infrastructure (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/action-programme/
8 https://www.consilium.europa.eu/en/press/press-releases/2019/10/04/8th-environmental-action-programme-

council-adopts-conclusions/

9 https://ec.europa.eu/info/sites/info/files/communication-annex-eu-biodiversity-strateqy-2030 en.pdf
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impact. However, they also 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, multi-level green infrastructure network. 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 peri-urban areas is also an objective of the recently adopted EU Biodiversity Strategy for
2030. As part of a wider nature 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 should include measures to create
biodiverse and accessible urban forests, parks and gardens; urban farms; green roofs and walls; tree-lined
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
long term (Table 3.1.1). According to the MAES framework (Maes, et. al. 2014), “Urban” consists of all artificial
land cover types included in 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 (km?) 2000 2006 2012 2018 Change (% per decade)

Short term | Long term

Urban ecosystems 209,409 | 214,939 219,549 222,188 34 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 EU-28. To this aim, the state, short-term, and long term-trend of different indicators have been analyzed.
Concerning the scale of the assessment, following Douglas (2012), urban ecosystems were analyzed
considering the core city and its surrounding (that Douglas defines as “Urban region”). This choice allows to:

e Analyze “...The immediate urban life-support system of the urban areas and its surroundings (the
peri-urban area) providing such ecosystem services as water supplies, sand and gravel, landfill sites,
recreation areas, water shed protection, greenhouse gas uptake and biodiversity....” (Douglas, 2012,
p. 386).

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

e Consider the transboundary effect with consistency.

The reporting unit chosen to express 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 statistics, version 2018, as recommended by
Eurostat (Dijkstra and Poelman 2012; EuroStat 2016; Eurostat 2017, Fact sheet 3.1.100, Supplement). We
always used the extent published in 2018, with the aim of exploring the evolution of urban environments
through the decades. 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
an ‘operational urban spatial extent’ that allows mapping and evaluating the city and its surroundings. The
commuting area is an area of transition, from agricultural or semi-natural land uses to urban land use and is
very important when considering ecosystem 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 core cities within the same FUA. Core cities normally correspond to the
Lower Administrative Units (LAU).

Commuting zones (or sub-city 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 Administrative Units (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). For reasons of
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 be vast 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; it represents urban areas with more than
100000 inhabitants (EIONET Report — ETC/ACM 2018/14).

Additional technical details can be found in the fact sheet 3.1.100.

Urban Ecosystems in EU (%)

SRARNRY 1 | HI ni
: L B LEL L L e bl e, oL

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 (%).

The assessment was implemented following the 5th MAES report (Maes et. al 2018) and the 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 often considered as an indirect approach for measuring ecosystem condition, when we need to
consider variables as environmental ‘stock’ that determine a degradation of ecosystems, e.g. air pollutants
emissions or amount of waste generated. Environmental 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).
Structural attributes of ecosystems evaluate ecosystem type specific landscape characteristics and includes
metrics of land types mosaics, landscape connectivity or vegetation biomass. Ancillary indicators represent
policy-relevant metrics that cannot be included in 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 dominant land 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 harmful levels of noise was reported at
the agglomeration level. Indicators related to urban vegetation for which high-resolution data were available,
were reported using four reporting units: core city and commuting zone, respectively densely built and not-
densely built. Most cities are “mosaics of built infrastructures and open spaces” Parris (2016), p. xi; the
proportion of built-up 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 Europe (EU-28).
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Table 3.1.2. Indicators for urban ecosystems and reporting unit used in the assessment. All fact sheets are available as a supplement to this report.

Class Indicator Reporting unit Data Time-series Fact
range sheet
Airpollutants | ¢\ ional 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/pan-european/high-resolution- 2009-2015 3.1.103
built layers/imperviousness
Municipal waste EUROSTAT dissemination database
enerar’)ced Aggaregated municipalities per MS https://ec.europa.eu/eurostat/web/products-eurostat-news/- 1990-2018 3.1.102
g /DDN-20190123-1
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/data-and-maps/data/bathing- 1990-2018 3.1.205
Environmental quality o )
. water-directive-status-of-bathing-water-11
quality Population
exposed to road | Agglomerations EEA, data on noise exposure https://www.eea.europa.eu/data- 2012-2017 31104
. . and-maps/data/data-on-noise-exposure-7
noise pollution
Share of . .
dominant land Functional Urban Area Corine Land vaer hitps://land.copernicus.eu/pan 2000-2018 3.1.207
types european/corine-land-cover
Urban structure | Functional Urban Area (liglgot;ullt—up grid https://data.jrc.ec.europa.eu/dataset/jrc-ghsl- 1975-2014 31208
Trends in Densely built
vegetation Core city Not-densely
Condition- cover within built
Structural ecosystem | Urban Green . Densely built
attributes Infrastructure Commuting Not-densely
(UG)) Zone built LANDSAT https://developers.google.com/earth-
- engine/datasets/catalog/LANDSAT LEO7 CO1 T1 ANNUAL GR | 1996-2018 3.1.209
Densely built
. EENEST TOA
Balance Core city Not-densely
between abrupt built
changes within Commutin Densely built
ual g Not-densely
Zone :
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
directives and covered by
. S Natura 2000
national legislation
Condition - Soil organic
Structural soil g Functional Urban Areas NA NA NA
) carbon (50C)
attributes
Ancillary indicators Population Functional Urban Area EUROSTAT-URBAN AUDIT 2010-2017 3.1.106

Core city

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

NA: Data are not available or data are available but still need to be adapted to the ecosystem typology used in this assessment. Data on soil are reported in chapter 4.4.
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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 Landscape Mosaic Vogt and Riitters, 2017) two specific zones of
interest were defined: “Densely built” where the relative proportion of artificial land cover types is dominant (>
60% artificial in a neighbourhood surrounding that location) ; “Not-densely-built” where the relative proportion
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
applied can 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 built-up areas and the typology of
NBS. The table was compiled following Somarakis et al. (2020), chapter 2 and Annex 1.

NBS Type NBS-sub-type | Examples

Core city or Commuting zone -Densely built

Integrated and ecological management - spatial
aspects

Choices of plants

Structure of urban parks system (Large urban
park; Pocket garden/park; Community gardens)
Flower field

Street trees

Green roof

Green wall system

Intensive urban green space
management

Type 3 - Design and
management of new

ecosystems.

Urban water management Sustainable urban drainage systems

Soil and slope revegetation
Plant trees/ hedges/perennial grass strips to
intercept surface run-off

Ecological restoration of
degraded terrestrial ecosystems

Restoration and creation of
semi-natural water bodies and
hydrographic networks

Re-vegetation of riverbanks
Constructed wetlands and built structures for
water management

Core city or Commuting zone - Not-densely built

Type 1 - Better use
of protected/natural
ecosystems

Protection and conservation
strategies in terrestrial and

marine Protected Areas (e.g.
Natura2000 or MPA

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

Type 2 - NBS for
sustainability and
multi functionality of
managed
ecosystems

Agricultural and Forest landscape
management

Agro-ecological practices
Agro-ecological network structure
Forest patches

Hedge and planted fence

Flower strips

Extensive urban green space
management

Ensure continuity with ecological network
Planning tools to control urban expansion
Historical urban green network structure
Choices of plants

Heritage park

Urban natural protected areas

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. Rural-urban fringe (or the outskirts or urban hinterland)
is the interface between town and 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, decentralization of 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
solutions implemented.
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There are several nature-based solutions (NBS) available to increase resilience of cities (or their ability to
cope with a wide range of stresses (llgen et al, 2019) in case of urban development. The choice of the
solution depends on the several 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 the outskirts). Table 3.1.3 presents a synthesis of
possible NBS, classified according to the share of built-up areas within core cities and commuting zones.

Box 3.1.1. Population dynamics and condition of urban ecosystems

Population dynamic (e.g., population size, growth, density, age and sex composition, migration, distribution)
are seen as one of the main drivers of environmental impact of urbanized areas (Newman, 2006), which we
consider as ancillary data in the context of this assessment (Czucz et al, 2019). The impact intensity of
population density is strongly related to the type of resource management and to lifestyle (de Sherbinin et al.,
2007). On the other hand, people are an essential component of urban ecosystems. They may have a strong
impact on urban nature, linked to management choices and they are strongly impacted by urban nature. A
relative slight increase in urban population at EU scale has been registered during the last ten years (by about
6% at both core city and FUA level). In some cases, the phenomenon presents discrepancies between the core
city and its commuting zone. In most of the FUA (579%), population within the core city and its commuting
zone change in the same direction (brown dots and green dots in the Figure). In 44.3% population is
increasing; in 12.7% population is decreasing. Conversely, in 26.8% of FUA population tend to move to be
within the core city (with a decrease of population in the commuting zone). This dynamic affects part of urban
areas in the Iberian Peninsula, Poland and Romania. In 16% of the FUA, it is the core city that loses population
with an increase of inhabitants in the surroundings.

Population
change (2010-

Population change 2017) Brown
dynamnc within core city and commuting zone :

2

i o N dots represent
0 data avallable
O Core - Commuting + FUA . Where
5 i O Core + Commuting - pODUlatlon
L © Core - Commuting - increased in
@1 Core = Commuting =z both core cities
and
Population size .
(in core cities) CommUtlng
0 <200000 zones.  Green
» O 20000-500000 dots represent
(O 500000 - 1500000 FUA where
v O iS00 population '
decreased in
both core cities
and
commuting
zones. Orange
dotes
> &.{shmev
g represent FUA
of
% O o°@° \ where
S8 @) population
Beograd™~/9 OD o0 o
&, 0= o increased only
§°° e Y @g%@ in core cities.
z 0 B 0 : osy
& B[ e ®. : Mgl oreat Yellow dots
7 o@ N~ ‘“@O% gl A represent FUA
A @° 5| “-‘f’f_"(’%—v% : where the
‘ o\ogo& i z W q s , population
%’.Q ~ K‘OQ R : Ne. i increased only
azair L b8 -~ q R
- = Touris toos in  Commuting
O . 0 250 Km
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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 pressure indicators 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 introduction 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 for five 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 EU-28 level. At first glance Table 3.1.4 shows that:

The total air pollutants emissions (within Functional Urban Areas) registered a reduction in the long and short
term (see fact sheet 3.1.101). The result is consistent with other assessments at national level (EEA 2019z;
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 not-densely built areas where there 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 trend varies a lot among Member States, not only
in terms of total amount generated but also concerning management and treatment strategies (see fact
sheet 3.1.102).

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 urbanization present 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 impacted ecosystem, 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. EU-28 aggregated pressure data in relation to urban ecosystems. The table contains per indicator the baseline value as well as statistics for the short and

long-term trend (for methodological details see chapter 2).

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 [3 to 9] score [3 to 9]
Habltat. Imperwous_ness in % 50.84 097 6 unresolved
conversion densely built areas
and . Imperwous.ness In not- % 35.28 146 6 unresolved
degradation densely built areas
(land Land annually taken (m2/person
conversion) for built-up areas per [ Ear) unresolved unresolved
person y
Pollgtlon and | Nitrous oxides (NOx) Million tonne/ 201 3192 5 5769 5
nutrient year
enrichment Particular Matter Million tonne/ 142 1925 5 1672 5
(PM10) year
Particular Matter Million tonne/
(PM2.5) year 0.94 2343 5 180 5
Non-methane volatile Million tonne/
organic compound ear 57 -185 N 5 -239 AN 5
(NMVOC) Y
Sulphur oxides (SO0x) Million tonne/ 295 650 A 5 339 A 5
year
Municipal waste Tht%‘;iind 253950 053 > 7 1.395 > 7

A\: Significant improvement (significant downward trend of pressure indicator); =: No change (the change is not significantly different from 0% per decade); W:
Significant degradation (significant upward trend of pressure indicator); Unresolved: 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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3.1.5.2 In-depth assessment
A detailed interpretation of the indicators is provided in the following sub-sections.

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 dioxide (502) emissions. Nevertheless, especially
when considering the short-term trend, regional patterns are revealed. Additional technical details can be
found in the fact sheet 3.1.101.

Specifically within FUAs:
NOx (Figure 3.1.3)

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

e 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)

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

e 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)

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

e 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)

e 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 Romania, Italy, Spain (north east), Poland, Bulgaria,
Latvia and Lithuania.

e 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)
e in the long term, the downward trend persists in all European urbanized areas.

e in the short term, the downward trend remains constant in 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 2015,
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: EMEP/CEIP 2015,

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;o 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 3.1.6. Total PM,s 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 SO, 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)

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 yard and 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 type and 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 cause 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 from 0, and 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 ten Member 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 states show a clear
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 (1995-2018), change per decade (%). Black dots represent
the MS for which the change cannot be considered statistically significant. (source: EUROSTAT).

As reported by EUROSTAT the variations among Member States, which are confirmed by the values expressed
in kg per capita, “...reflect differences in consumption patterns and economic wealth, but also depend on how
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
households'®. Additional technical details can be found in the fact sheet 3.1.102.
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Figure 3.1.10. Percentage of sealed soil in core cities in 2015 within densely and not-densely built areas. Pie
charts show the proportion of core cities per sealed soil class (%) (source: EEA -Imperviousness
(https://land.copernicus.eu/pan-european/high-resolution-layers/imperviousness).

Figure 3.1.10 shows the percentage of sealed soil in core cities. Additional technical details can be found in
the fact sheet 3.1.103. Within densely 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 regards to flood 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 run-off in case of rain (Chithra et al.,, 2015). The increase of surface run-off
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 core cities-densely built
areas, the percentage of sealed soil remains almost 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 registered.

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: EEA -Imperviousness
(https://land.copernicus.eu/pan-european/high-resolution-layers/imperviousness).

The increase in sealed soil within not-densely built areas is slightly different; in 78.8% 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 (> 2.5%) 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: spatial 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 types (urban green, natural areas, built-up 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 based on species diversity and
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monitored under the EU nature directives. However, there is a lack of consistent, up-to date and comparable
data to fully report on changes of condition of urban ecosystems at European level and this is the reason why
only a selection 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 level providing 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 aggregated 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
average data are not precise enough to assess air pollution at urban level. Moreover, °... the contributions
from the different emission source sectors to ambient air pollutant concentrations and air pollution impacts
depend not only on the amount of pollutant emitted 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
concentrations and health impacts in urban areas than emissions from high stacks® (EEA, 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 the cities 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 extension of
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 parallel, 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 without settlements 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 are not-densely
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. EU-28 aggregated urban condition indicators. Urban ecosystem condition: Baseline value, trends and confidence scores in indicators (for methodological
details see chapter 2).

. Short-term Short-term | Long-term Long-term
s 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) pg/m3 9.77 -30.1 N 5 -20.52 1~ 5
Fine particulate matter (PM 2.5) pHg/m3 10.40 -25.05 N 5 -23.80 N 5
Particulate matter (PM 10) Hg/m3 13.00 -18.35 N 5 -21.48 N 5
Sum of ozone means >35 ppb ppb 2082.73 -0.90 T 5 -5.21 N 5
Environ- Population exposed to road
0,
mer;‘tal noise (>55dB) % 37.01 3.82 > 6 unresolved
?;F?y;ti\éal Bathing water quality in poor condition % 197 -31.82 N 8 -27.39 N 8
and Bathlilng r/ate;.guality in good or % 2413 1969 A 8 13.25 A 8
chemical exce eﬂ condition
quality) Population cqnnected to urban water % unresolved unresolved
waste collection and treatment plants
Concentration of nutrients and biological
. ma/l unresolved unresolved
oxygen demand in surface water
Population exposed to air pollution o
2bove the standards Yo unresolved unresolved
Share of dominant land types within o
FUA Dominant artificial K >84 0.3 = 4 049 = 4
Share of dominant land types within o 5168 087 > 4 157 > 4
FUA Dominant agriculture 0 ' ' ]
Share of dominant land types within 0 } }
Structural | FUA Dominant natural and semi-natural K 27.0 0.15 = 4 0.23 =/ 4
ecosystem | Share of dominant land types within o
attributes FUA No dominant land type K 154 0.55 =/ 4 0.75 =/ 4
(general) Dimension
U.rban $tructure - Degree of settlement less 3329 1363 ¥ 6 1130 ¥ 6
dispersion
[0-140]
Urban Structure - Share of FUA grid % 360 028 ¥ 5 037 ¥ 6

classified as highly compact
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Urban Structure - Share of FUA grid

o . % 6.99 0.46 v 0.60 Vv
classified as continuous
Urbalj .Structure - Share of FUA grid % 30.08 51 ¥ 544 ¥
classified as dense
Urbap .Structure - Share of FUA grid % 1766 424 ¥ 281 ¥
classified as not-built
Vegetatlon cover in core city densely [0-1] 043 unresolved 0.098 >
built areas.
Vegetatlon‘cover in core city not- (0-1] 058 unresolved 0227 A
densely built areas
Vegetatlon'cover in commuting zone (0-1] 045 unresolved 0013 >
densely built areas.
Vegetation cover in commuting zone ~
not- densely built areas [0-1] 0.59 unresolved 0.24 N
Bala'nce between abrupt changes within unresolved 436 ¥
UGI in core city densely built areas
Balance between abrupt changes within | Difference B
UGI in core city not-densely built areas between UREERles 0.48 v
Balance between abrupt changes within share of
UGI in in commuting zone densely built greening unresolved -6.36 7
areas. and
Balance between abrupt changes within browning
UGI in Commuting zone not- densely unresolved -0.07 >
built areas
Structural ecosystem attributes monitored under the
EU Nature directives and national legislation
% unresolved unresolved
(Percentage of urban ecosystems covered by Natura
2000)
Structural
soil Soil organic carbon a/kg unresolved unresolved
attributes

A\: Significant improvement (significant upward trend of condition indicator); =: No change (the change is not significantly different from 0% per decade); ¥: Significant
degradation (significant downward trend of condition indicator); Unresolved: 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

3.1.6.21 Environmental quality

Environmental 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 the necessary action both at Member State and at EU level. Environmental noise is
defined as: “unwanted or harmful outdoor sound created by human activities, including noise emitted by
means of transport (road traffic, rail traffic, air traffic) and from sites of industrial activity, which have
negative effects on human health”. The Directive applies to “...environmental noise which humans are exposed
to, in particular in built-up areas, in public parks or other quiet areas in an agglomeration, in quiet areas in
open country, near schools, hospitals and other noise sensitive buildings and areas” (END, 2002/49/EC).
Environmental noise exposure can lead to annoyance, stress reactions, sleep disturbance, poor mental health
and well-being, impaired cognitive function in children, and negative effects on the cardiovascular and
metabolic systems?! .

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 widespread source 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 EU-28 agglomeration 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 around half 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 found in the fact
sheet 3.1.104.

With regards to air 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 were not available. 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
known as the “street canyon effect”. Similarly, wind speed and direction can also have a big impact on
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 this report. This is the reason why at this scale
the indicators are only partially able to reflect the magnitude of problems connected with air
pollutants.

3.16.2.2  Structural ecosystem attributes

In the fourth MAES report (2016), the concept of urban ecosystems (the socio-ecological 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 et al. 2006; Zurlini et al.
2007), provide the background for the analysis of structural ecosystem attributes. Land configuration: “the
spatial arrangement of elements” was used to report on the presence and combination of dominant land
types and on urban structure. Land composition: “what and how much is there” was used to analyse annual
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 not-densely built). This approach could only be implemented
where consistent and detailed spatially explicit data were available.

11 https://www.eea.europa.eu/airs/2018/environment-and-health/environmental-noise
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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 area. 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 ecosystems and 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 assessment, we measured 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 in GuidosToolbox (Vogt 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 in specific categories 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 the fact sheet 3.1.107; 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 km?) that location (Riitters 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 in areas with a dominance of agriculture and areas with a dominance of natural
and semi-natural vegetation.

Direction and magnitude of changes vary according to the size, location and characteristics of cities. However,
at EU level FUA present a decrease in agricultural 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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Figure 3.1.12. Change (% decade) in the short and long term of dominant land types per FUA population
size. (small urban areas [50,000 and 200,000 inhabitants]; medium-size urban areas [200,000 and 500,000
inhabitants]; metropolitan areas [500,000 and 1.5 million inhabitants]; large metropolitan areas [ > 1.5 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 of land
type). In 70.4% 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
been versus toward “Land with do no dominant land use types”, which represents an areas with mixed uses. In
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 analysis of urban structure is based on a spatially explicit approach implemented to estimate the degree
of dispersion of built-up areas. Assuming the circular form as the most “compact” possible, the index is based
on the calculation of distances between different built-up 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 buffer of 2 km 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 O represents a fully (100%) built-up environment surrounding that
location (2 km?). A negative value represents a progressive densification. At European scale such process is
quantified in order of 11.30% per decade in the long term and 13.63% in the short term.

Changes in settlement patterns are related to morphological changes of urbanized areas and to the diffusion
of artificial elements in the urban fringe. Peri-urban rural landscape and peri-urban forests suffer most from
this dynamic (Colsaet 2017). The phenomenon involves the transformation of large patches of natural
habitats into smaller ones (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) was used (Corbane et al. 2019). The
data set is available at 30 m, from 1975 to 2014. Additional technical details can be found in the fact sheet
3.1.108.

To make interpretation easier, the indicator was classified into six classes which represent categories of urban
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 types magnitude and direction of change between 2000 and 2018.
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Box 3.1.2. Urban structure in Padua (Italy)

The figure presents an example of urban structure in Padua (Italy). We register a progressive increase of
compact structure within the core city and a progressive densification within the commuting zone in this case
at the expense of agricultural areas (south-east) and of a Natura 2000 site (the Colli Euganei Regional Park).

Figure: Analysis of urban structure applied to the FUA of Padua (Italy). The maps show the 1 km grids
reclassified in six key categories. The charts show the average degree of settlement dispersion value from
1975 to 2014 and the share of each category in 1975 and 2014. In Padua compact grids increased relatively
and mainly within the core city, on the contrary the grids characterized by continuous settlements slowly
replaced areas occupied by sparse and sprinkled settlements. 1km grid data are available for all 700
European cities.
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Figure 3.1.14 and Figure 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 similar trend with a low share of FUA occupied by compact and
continuous settlements and an increase of sparse settlements. However “no built areas” in Helsinki and
Stockholm are covered by peri-urban forest and inland water whereas in Sofia no built areas are mainly occupied
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 (1975-2014) 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 O = to very dense settlement structure in a horizon of 2
km?.
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Figure 3.1.16 shows the different degree of settlement 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 conurbation (or of 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 socio-economic data are needed to fully understand the trend.
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Figure 3.1.17. Degree of settlement dispersion, short and long-term 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 — Trends in 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, property and 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 Cover does not 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 ecosystem 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. 2019b).

In order to measure how vegetation within UGl has changed over time we used a collection of Landsat composite
images over a 22 years period (1996-2018). Additional technical details can be found in the fact sheet 3.1.109.

Vegetation trends tend to be highly stable and changes are gradual. In human dominated ecosystems, however,
they are not always monotonic (or gradual) but can reveal what is called an “abrupt” character (Forkel et al.
2013; Yu et al. 2017). Gradual and abrupt changes have different meanings and origins (Zhu et al. 2016; Novillo
et al. 2019):

— Gradual changes:

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

e develop over a relatively long time periods (5+ years);
— Abrupt changes:

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

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

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

Figure 3.1.18 shows a spatially explicit example of upward major trend detected in Padua (Italy). The abrupt
greening change is due to intensive urban green space management. In 1996, the “Parco degli Alpini” was opened
and new trees were planted.
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Figure 3.1.18. Example of abrupt greening (upward trend) due to due to green infrastructure management in
Padua core city - not densely built zone (Italy). 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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Figure 3.1.19. Example of abrupt browning (downward trend) due to housing policies in Padua core city - not
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 residential zone 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 city. The vegetation trends within UGl were
measured in two steps: (1) Estimating the % change per decade (using only significant pixels); (2) 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 what consumes UG.
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Figure 3.1.20. Average greenness NDVI within UGI in densely built areas (A- core cities; B commuting zone) in
2010.

Figure 3.1.20 shows the average value of greenness NDVI within UGI in densely built areas. The pattern confirms
previous studies with European cities characterized by an evident north —south pattern (Maes et al. 2019).

Over the last 22 years, a general slight upward trend characterizes the presence of vegetation within UGI in
European cities. 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 zone-densely built, the trend is classified as
stable; in not-densely built areas, a relative upward trend is recorded (average value for EU cities is reported in
Table 8).

The spatial pattern that characterizes European cities is clearer when we analyse the maps. Figure 3.1.21 shows
the trend in vegetation cover of UGI in densely built areas (within core cities and commuting zones). A downward
trend characterizes 26.3% of core cities-densely 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 presents a downward 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 green management 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 implemented.

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 nature 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 business areas), but also small-sized projects.
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Figure 3.1.21. Trends in vegetation cover (% change/decade), within densely built areas in core cities and

commuting zones. Pie charts show the proportion of reporting units per class of change (%).

3.1.7 Convergence of evidence: Summary of the trends in pressure and condition

Table 3.1.6 shows the summary of trends in pressures and condition in urban ecosystems. All air pollutants
emissions marked an improvement in the short and long term (5 pollutants); municipal waste generated
remained stable in the short and long term (1 indicator) and imperviousness registered a change resulting in
degradation in the short term (2 indicators). No indicators, consistent with the rest of the assessment, were
available for land take.In terms of condition, the concentration of all air pollutants marked an improvement in the
short and long term (4 pollutants). Noise pollution from roads remained stable in the short term (1 indicator) and
bathing water quality improved in the short and long term (2 indicators).
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Figure 3.1.22. Balance between abrupt greening and browning changes within densely built areas in core cities
and commuting zones. Pie charts show the proportion of reporting units per class of change (%).

All indicators representing the share of dominant land type within FUA are marked as stable in the short and long
term (4 indicators). The typology of urban structure shows a significantly negative change resulting in
degradation (5 indicators) in both short and long terms. In the long term, the vegetation cover in urban green
infrastructure remained stable within densely built up areas in both core cities and commuting zone (2 indicators)
and improved within the not-densely built areas in both core cities and commuting zone (2 indicators). The
balance between abrupt changes within Urban Gl resulted in a degradation in 4 reporting units (core cities and
commuting zone densely built) and remained stable in 1 case: commuting zone not-densely.

No indicators, consistent with the rest of the assessment, were available for Population connected to urban water
waste collection and treatment plants; Concentration of nutrients and biological oxygen demand in surface water;
Percentage of population exposed to air pollution above the standards; Percentage of urban ecosystems covered
by Natura 2000; Soil organic carbon (SOC).

76




Table 3.1.6. Summary of trends in pressure and condition of urban ecosystems in the EU-28.

Short- Long-
term ::;::I
Indicator trend R
Since Since
2010 1990 or
2000
Emissions of nitrous oxides (NOx) )] )
Emissions of particular matter PM10 ) )
Emissions of particular matter PM2.5 ) )

§ Emissions of non-methane volatile organic compound (NMVOCQ) ) )

% Emissions of sulphur oxides (SOx) ) )

& | Municipal waste generated > > 4
Imperviousness in core city - densely built areas N7 unresolved
Imperviousness in core city — Not-densely built areas 7 unresolved
Land annually taken for built-up areas per person unresolved | unresolved
Background NO2 concentration N N
PM10 concentration N N
PM2.5 concentration N N
Sum of ozone means over 35 ppb* N N
Noise pollution from roads > unresolved
Bathing water quality within FUA in poor condition T 7N
Bathing water quality within FUA in good or excellent condition T 7N
Population connected to urban water waste collection and treatment plants unresolved | unresolved
Concentration of nutrients and biological oxygen demand in surface water unresolved | unresolved
Percentage of population exposed to air pollution above the standards unresolved | unresolved
Share of dominant artificial land type > >
Share of dominant agriculture type > 4 >

= Share of dominant natural and semi-natural type > >

§ No dominant land type > >

S | Degree of dispersion of built-up area (in a neighbourhood surrounding that location). 7 7
Share of FUA grid classified as highly compact 7 7
Share of FUA grid classified as compact 7 7
Share of FUA grid classified as dense \ 7 7
Share of FUA grid classified as no-built \ 7 7
Vegetation cover in core city densely built areas unresolved >
Vegetation cover in core city not-densely built areas unresolved A
Vegetation cover in commuting zone densely built areas. unresolved >
Vegetation cover in commuting zone not-densely built areas unresolved A
Balance between abrupt changes within UGI in core city densely built areas unresolved 7
Balance between abrupt changes within UGI in core city not densely built areas unresolved 2
Balance between abrupt changes within UGl in commuting zone densely built areas unresolved 2
Balance between abrupt changes within UGl in commuting zone not-densely built areas | unresolved >
Percentage of urban ecosystems covered by Natura 2000 unresolved | unresolved
Soil organic carbon unresolved | unresolved
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A: Significant improvement (significant downward trend of pressure indicator; significant upward trend of
condition indicator); ®: No change (the change is not significantly different from 0% per decade); W¥: Significant
degradation (significant upward trend of pressure indicator; significant downward trend of condition indicator);
Unresolved: 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

3.1.8 Options for policy
Challenges for policies on urban ecosystems fall under different categories:

Compensation policies and biodiversity-friendly areas

To limit the degradation of Urban Green Infrastructure more focus should be placed on:

e Land take compensation policies. In practice, compensating for land take affects a multitude of projects
(even small size ones) that “consume” agricultural and natural land

e Management practices within Urban Green Infrastructure should carefully consider the importance of
biodiversity-friendly areas

The role of citizens

Lifestyle and citizen engagement play a key role in the impact that population density and population dynamic
(growth, structure, mobility) have on ecosystems. This is true for most topics covered in this assessment. Air
pollutants emissions, concentrations and population exposure, for instance, depend (at least in part) on lifestyle
choices, connected to mobility and transportation or energy use (Ballesta et al. 2006; Priddle 2018). Sustainable
consumption, recycle and lifestyle affect municipal waste management and land take (Colsaet 2017; Gaudillat et
al. 2018). Proper, responsible conduct is very important for biodiversity and nature conservation when enjoying
nature-based recreation activities and when managing domestic gardens (Goddard et al. 2010; Nilon 2010;
Beumer and Martens 2015).

Mainstreaming of urban ecosystem services and NBS into urban policy making

A well-managed Urban Green Infrastructure is essential to support Urban Ecosystem Services such as
microclimate regulation, noise reduction, flood protection, air quality regulation and nature-based recreation. The
mainstreaming of Urban Ecosystem Services into urban policy making has started (many cities already have in
place specific strategies on Urban Green Infrastructure) and has been promoted at EU level (EC 2019d).

Nonetheless, there is a need for setting targets to specifically monitor urban condition, biodiversity and
ecosystem services. The issue was discussed in October 2019, during the EU week on regions and cities , where
one of the takeaway messages was that as researchers we can set up assessment frameworks but targets for
monitoring urban biodiversity and ecosystem services should be set up at a local level, taking into account
specific territorial context.

In order to be financed and adequately implemented at a local level, NBS should be officially recognized and
included in policy regulations. One of the final objectives of the Action Plan of the Partnership on Sustainable
Land Use was to promote NBS as a tool to build sustainable, resilient and livable urban areas, with specific
requests for a better regulation to boost NBS at European, national and local levels; and better financing for NBS.

Territorial level*? and policy level

Policies related to urban ecosystems should be structured on three levels which are complementary and not
mutually exclusive:

1) Municipal level; district level

a. All policies directly and indirectly linked to management and planning of green spaces and
green infrastructure, mobility, waste management, water quality

2) FUA level

12 https://ec.europa.eu/eurostat/web/regions-and-cities
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a. The connection between urban ecosystems and the other ecosystems types should be taken
into account, especially with regards to:

i. croplands and the role of local agricultural production in the local market,
ii. forest and its role within the Urban Green Infrastructure.
3) Regional level and National level

a. The regional network of cities should be considered with a view that can reflect the overall
impact of urbanized areas on the ecosystems

3.1.9 Knowledge gaps and future research challenges

What emerged in this assessment is the lack of consistent data available for a complete analysis of the condition
of urban ecosystems at European scale. Policy-relevant data gaps are shown in Table 7 and Table 8. These fall
under different categories:

e lack of consistency at EU level regarding data collection and reporting units

e lack of consistent and verified spatially explicit data needed to analyze pressures and urban ecosystems
condition

Specifically there is a lack of:
e Accurate and detailed data on air pollutants concentration to evaluate:

e the effective condition of air quality within the cities, considering very local dynamics (such as the
canyon effect)

e the capacity of vegetation to remove air pollutants
e (onsistent, spatially explicit data to monitor Natura 2000 sites within Functional Urban Areas
e Accurate and detailed data on urban biodiversity

e Accurate and detailed data on public pocket parks, public gardens and public parks to properly monitor trends
in accessibility of public green

3.1.10 Conclusions

Cities are not “single entities” and they do not only include artificial areas. They are part of a complex larger-
scale, socio-ecological system. This assessment demonstrates that is very difficult and scientifically challenging
to synthetize the complex dynamics of cities into a set of simple key messages or aggregated trends. However,
what seems to be very important is to set up and test monitoring frameworks that help cities to identify whether
their change is normal or unusual in the EU and regional context, or to provide evidence that some mayors are
concerned with maintaining natural habitat in living environment of people.

Functional Urban Areas, the core cities and their commuting zones, where most European citizens live and work
cover 20% of the EU territory. Urban population is increasing with regional patterns that are connected to
different stages of economic development.

Urbanization is increasing and this is confirmed by pressure indicators (increase impact of municipal waste or
sealed soil); environmental quality indicators (population density) and structural ecosystem attributes, such as the
degree of densification of settlements within FUA; a decline of number of areas occupied by croplands or natural
areas and the increase of areas with a mix of uses. The commuting zones are assuming characteristics similar to
the core cities. When evaluating the trends in vegetation cover of Urban Green Infrastructure, we recorded a more
intense loss of vegetation within commuting zones than within core cities. Pressures and environmental quality
indicators that have a clear EU regulation (noise pollution, air pollutants emissions and concentrations, bathing
water) are all stable or improving at EU level.
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Summary: This report assesses pressure and condition trends for agroecosystems in the EU. The assessment
describes quantitatively the current condition of agroecosystems, the key drivers of degradation and
improvement aspects.

Agroecosystems, defined in the frame of MAES as communities of plants and animals interacting with their
physical and chemical environments that have been modified by people to produce food, fibre, fuel and other
products for human consumption and processing (Maes, 2018), are composed by cropland and grassland, and
cover about 47% of the EU’s land area. To a very large degree these are managed ecosystems, only some
grassland habitats exist in fact under a natural state. The history of agriculture spans for several millennia, a
sufficient time to have specific species and habitats coevolving together with human management. The latter is
key to maintain agroecosystems in good condition. But what is a good condition for a managed ecosystem,
therefore in an ecosystem that exists to a great extent for the benefit of humans? The approach taken in this
report is that a good condition requires balance: in the use of natural resources while maintaining biodiversity, in
the supply of a set of ecosystems services, in the necessity to fulfil the needs of current as well as of future
generations.

Of the five pressure categories addressed in this report: habitat conversion, pollution and nutrient enrichment,
climate change, overexploitation of resources, and invasive alien species, the first three are analysed in the frame
of agroecosystems. The reference timeframes of the analysis are: the long term trend, corresponding to the
whole series of available data; the short term trend, which is the 2010-2020 decade with 2010 as base year. On
the long term, while habitat conversion, pollution and nutrient enrichment show mostly stable or even improving
trends, out of 15 analysed climatic indicators, eight show statistically significant increasing pressures over the
long term. This is summarized by agro-climatic zones shifting North, with higher migration velocities of up to 100
km per 10 years in Eastern and North-eastern Europe, and the Atlantic zone moving east. Birds and butterflies
have already shown a reaction to such changes, with northward shifts and changes in community composition
already recorded. Except for some improvement in exceedances of critical loads, pesticides and mineral nitrogen
show either stable or degrading trends within the analysed periods.

Surveyed biodiversity (birds, butterflies, protected habitats) shows declining trends, while structural parameters
characterizing farmland (crop diversity, high nature value farmland, share of fallow land) are stable. Lastly, the
area under organic farming has increased and yearly gross primary (biomass) production as well. Care should be
taken in interpreting the latter, since the causes for such an increase can depend upon e.g. change in fertilization
rate and irrigation as well as the introduction of soil conservation practices such as cover crops.

The EU level assessment of the conservation status of 32 grassland habitats concluded that 14.3% are in good
(or favourable) conservation status. The remaining habitats are in poor status (32.5%), a bad status (49.2%) or
unknown (4.0%). In addition, habitats dependent on adequate agricultural management are assessed as bad (45
%) and poor (38 %).”

In the past decades, environmental concern has been directly addressed and more and more integrated into
policies regulating or impacting (agricultural) land management (Nitrates directive, Water Framework Directive,
Common Agricultural Policy and related reforms, EU Biodiversity Strategy). While this has probably avoided
further major losses, it has neither bent nor halted the ongoing degradation of agroecosystems condition and
biodiversity loss. Analysed indicators show that no major changes are recorded at the macro scale in pressures
deriving from the use of chemical inputs, and in some structural parameters. This, coupled to the unprecedented
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challenge of climate change, calls for a courageous rethinking of the options farming can provide to halt
biodiversity loss, in line with the transformational changes advocated by the European Green Deal.

3.2.1 Introduction and description of agroecosystems

In the context of MAES, agroecosystems are defined as communities of plants and animals interacting with their
physical and chemical environments that have been modified by people to produce food, feed, fibre, energy and
other products for human consumption and processing (Maes, 2018). The MAES process has classified
agroecosystems into cropland and grassland ecosystems (Maes et al,, 2013), which together account for almost
half of EU terrestrial ecosystems. Cropland includes land area under temporary and permanent crops cultivation,
land temporarily fallow, horticultural and domestic habitats. Grasslands are areas covered by grass-dominated
vegetation (including tall forbs, mosses and lichens), which include pastures, meadows and natural grasslands. In
both cases semi-natural features (e.g. field margins, hedges, grass strips, lines of trees, ponds, terraces, patches
of uncultivated land) are considered an integral and important part of agroecosystems, as from a pragmatic
definition they are managed within the same context (and land managers) and affected by agricultural activities,
and from an ecological perspective they are nesting and breeding sites, food sources, migratory corridors to
fauna, supporting ecosystem services such as pollination, pest control and other regulating and cultural
ecosystems services.

Agroecosystems host some of the most species-rich habitats in the EU (Wilson et al, 2012) and it is estimated
that ca. 50% of all species in Europe rely on agricultural habitats at least to some extent (Halada et al, 2011,
Lomba et al,, 2015). Moreover, agrobiodiversity and in particular genetic resources for food and agriculture (wild
crop relatives, plant varieties, landraces etc.) represent an insurance for the future, guaranteeing the capacity to
respond to crises (climatic, economic etc.) contributing thus to food security.

Due to the prolonged interaction between natural and human systems, it is necessary to stress the perspective
under which condition of agroecosystems is addressed. Agroecosystems, in fact, do not have a corresponding
“natural state”, or degree of intactness that can be set as reference. The reference therefore becomes a fully
functioning system, able to support biodiversity and deliver a range of services: “agroecosystems are modified
ecosystems, they are in good condition when they support biodiversity, abiotic resources (soil-water-air) are not
depleted, and they provide a balanced supply of ecosystem services (provisioning, regulating, cultural).
Sustainable management is key to reaching or maintaining a good condition, with the aim to increase resilience
and maintain the capacity of delivering services to current and future generations.” (Maes et al., 2018).

Several EU policies impact farming and farmland. The main EU policy affecting agroecosystems is the Common
Agricultural Policy (CAP). For over 50 years it has been distributing subsidies steering the sector to meet the goals
which through time have been identified (e.g. supporting production, promoting jobs), and within which concerns
for the environment, including biodiversity and in recent times climate, have gained increasing importance. In the
European Commission’s legislative proposal on the CAP beyond 2020 (COM/2018/392 final - 2018/0216 (COD))
the preservation of landscapes and biodiversity is one of the nine identified overarching objectives. The EU
Habitats and Birds Directives aim at preserving Europe’s most endangered species and valuable natural habitats.
A significant number of Natura 2000 sites have been designated to protect species or habitats that depend upon,
or are closely associated with, agriculture (over 50 habitat types and 260 species respectively), this corresponds
to approximately 40% of the land within the Natura 2000 Network (DG ENV, 2017). The Nitrates Directive and
the Water Framework Directive prescriptions are integrated in the CAP and aim at limiting or cancelling negative
impacts from agriculture. Energy and climate policies have an impact on farmers’ choices as well (e.g. increase in
energy crops production).

3.2.2 Ecosystem extent and change

The extent of agroecosystems according to CORINE Land Cover (all eleven level-3 classes 2.x, of which ten are
assigned to cropland ecosystems, and one -class 2.3.1 “Pastures’ assigned to grassland ecosystems)
corresponds to almost 48% (2018) of total EU land area. Within such share, 24% is represented by grassland
and 76% by cropland. The area of agroecosystems as measured by CORINE Land Cover is stable across time,
with only a variation of -0.30% in the period 2000-2018 and a decrease of 0.23% in the short term (Table 3.2.1).
The ration cropland/grassland is stable as well. Due to CORINE land cover mapping protocol and in particular its
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minimum mapping unit of 25 ha, the estimated area includes features not necessarily related to farming
activities such as roads, railways, groups of houses, small woodlots.

Alternatively, the Utilised Agricultural Area, defined as “total area taken up by arable land, permanent grassland,
permanent crops and kitchen gardens used by the holding, regardless of the type of tenure or of whether it is
used as a part of common land” (Eurostat glossary), provides a stricter quantification of the extent of
agroecosystems, since it quantifies the area directly managed by farmers. The UAA amounted to 1,787,360 km?
in 2016 (Eurostat!®), compared to CORINE Land Cover estimate of 2,096,616 km?2.

Table 3.2.1. Surface area of agroecosystems based on CORINE Land Cover accounting layers for 2000, 2006,
2012 and 2018. In brackets the percentage share in relation to the area of total terrestrial ecosystems

Area (km?3) (% share) 2000 2006 2012 2018
Total terrestrial ecosystems 4,381,107 4381,117 4381,117 4381,117
(100%) (100%) (100%) (100%)
Grassland 504,778 503,411 502,454 500,566
(11.5%) (11.5%) (11.5%) (11.4%)
Cropland 1,604,793 1,600,732 1,596,331 1,596,050
(36.6%) (36.5%) (36.4%) (36.4%)

The UAA has been declining by 6% between 2000 and 2016 (long term trend). It has to be noted that the UAA
decreased only by 0.78% in the period 2010-2016, that corresponds to a 1.3% decrease per 10 years. The
downward trend has therefore flattened in the short term compared to the long-term trend.

Soil sealing by urbanization is an important component of land take, worth analysing. Starting from a 0.03% of
agricultural soil sealed in 2010 (633 km2/year), such trend decreased by 32.4% in the short term, compared to a
40.8% in the 2000-2018 period. This figure represents a very small share of the total area of agroecosystems,
but on the ground it means nevertheless about 4200 km? of agroecosystems irreversibly lost to urbanization in a
decade. This figure relates to the v20 version of CORINE Land Cover used in the present assessment. A more
detailed estimate is provided by the Global Human Settlement layer based on Landsat imagery (Pesaresi et al,
2016), according to which 5970 km? of agroecosystems have been converted in 10 years to artificial areas,
corresponding to 18 m? per second.

3.2.3 Data

Pressure and condition indicators for agroecosystems were identified in the fifth MAES report (MAES, 2018). In
this assessment we collected an array of available data and indicators summarised in Table 3.2.2 for pressures
and in Table 3.2.3 for condition. The tables show the fact sheet number of each indicator, where detailed
information can be accessed regarding the characteristics of the input data and the indicator. In addition, the
tables show information on the unit of measure, the data period and the spatial resolution of the input data used
for creating the indicators.

13 https://ec.europa.eu/eurostat/databrowser/view/tag00025/default/table?lang=en

85


https://ec.europa.eu/eurostat/databrowser/view/tag00025/default/table?lang=en

Table 3.2.2. Agroecosystem pressures indicators, units, time-series and spatial resolution of the input data used
for creating the indicator. All fact sheets are available as a supplement to this report.

Pressure class Indicator (Fact sheet number) Unit Data period Spatial
resolution
of input
data
Habitat Land take (3.2.101) ha/year 2000, 2006, MS
conversion and 2012, 2018
degradation (land | Utilised Agricultural Area (3.2.102) ha 2000-2016 MS
conversion) Intensification / Extensification NA NA NA
Ecosystem extent (3.2.104) ha 2000, 2006, MS
2012, 2018
Climate change Annual mean temperature (4.1.101) °C 1960-2018 10 km
Effective rainfall (4.1.101) mm 1960-2018 25 km
Summer days (4.1.101) number of 1985-2018 25 km
days
Soil moisture (soil water deficit) (4.1.101) % 1951-2013 5 km
Growing season length (4.1.101) number of | 1985-2018 25 km
days
Pollution and Exceedances of critical loads for eg/ha/year | 2000, 2005, 25 km
nutrient acidification(3.2.107) 2010, 2016
enrichment Exceedances of critical loads for eg/ha/year | 2000, 2005, 25 km
eutrophication (3.2.108) 2010, 2016
Gross nitrogen balance (3.2.109) ka/ha 2004-2015 MS
UAAlyear
Gross phosphorus balance (3.2.110) kg/ha 2004-2015 MS
UAAlyear
Mineral fertilizer consumption, nitrogen tons/year 2010-2017 MS
(3.2.111)
Mineral fertilizer consumption, phosphorus tons/year 2010-2017 MS
(3.2.111)
Pesticide use (3.2.112) kglyear 2011-2017 MS

NA: Data are not available or data are available but still need to be adapted to the ecosystem typology used in

this assessment
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Table 3.2.3. Agroecosystem condition indicator, units, time-series and spatial resolution of the input data used
for creating the indicator. All fact sheets are available as a supplement to this report.

Condition class | Indicator (Fact sheet number) Unit Data period Spatial
resolution
of input
data
Environmental Nitrogen concentration in groundwater % stations | 2004-2007, 2008- EU-28
quality (physical | (3.2.201) > 50 mg/l 2011, 2012-2015
and chemical
quality)
Structural Landscape mosaic (4.3.201) index 2000, 2006, 2012, 100 m
ecosystem 2018
attributes Crop diversity (3.2.202) SDI index 2000-2017 25 km
(general) (0-1)
Share of dominant crop % 2000-2017 25 km
Share of fallow land in utilised % 2000-2017 (EU NUTS2
agricultural area (3.2.206) aggregate: 2000-
2016)
HNV farmland area (3.2.207) ha 2000, 2006, 2012, 100 m
2018
Share of organic farming in UAA % 2005 - 2017 MS
(3.2.208)
Livestock density (3.2.209) LU/ha 2005, 2007, 2010, MS
2013, 2016
Structural Farmland Bird Indicator (3.2.210) index 1990-2015, EU-26, 4
ecosystem Regional indicators: | geographical
attributes based 1980- / 1982- region of EU-
on species /1989 - 2016 28
diversity and Grassland Butterfly Indicator (3.2.211) index 1990-2017 EU-15
abundance
Structural Share of grassland habitats listed under
ecosystem Annex 1 of the Habltgts Directive in % 2013 - 2018 EU-28
attributes favourable conservation status
monitored under | (3.5.203)
the EU nature Trends in unfavourable conservation
directives and status of grassland habitats listed
national under Anngex 1 of the Habitats Directive % 2013 - 2018 EU-28
legislation (3.5.203)
Percentage of agroecosystems covered % 2000, 2006, 2012, MS
by Natura 2000 (3.2.213) 2018
Percentage of agroecosystems covered % 2000, 2006, 2012, MS
by Nationally designated areas (CDDA) 2018
(3.2.214)
Structural Topsoil organic carbon content (3.2.216) | tonnes/ C 1980, 1990, 2000, 1km
ecosystem ha 2010, 2008, 2010,
attributes of 2015, 2020*
which soil related (*extrapolated)
Functional Gross primary production (3.2.217) kl/halyear 2001-2018 100 m
ecosystem
attributes
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3.2.4 Drivers and pressures: spatial heterogeneity and change over time

In this section pressure indicator trends will be presented and discussed. The reference table in the 5th MAES
report (Table 4.2, Maes et al, 2018) lists 16 pressure indicators. Compared to such list, availability of data
allowed expanding the description of climate trends, and calculating thus trends for 22 indicators, of which 15
describe climate trends, seven describe trends in pollution and nutrient enrichment.

3.2.4.1 Assessment at the level of EU-28

The assessment of pressures on agroecosystems focuses on three categories of pressures, deriving from: climate
change, land conversion, pollution and nutrient enrichment. Results are presented in Table 3.2.4.

The relation of agroecosystems with climate is twofold: farming activities shaping agroecosystems depend
directly on climatic conditions (e.g. planting and sowing dates, water availability and irrigation, choice of species
varieties better adapted to climate extremes etc.). Moreover, changing climatic conditions affect plant community
traits and composition, leading to species range shifts e.g. in grassland habitats (Tardella et al, 2016; Choler P.,
2018), and change in their usage (e.g. duration and intensity of grazing season) driving therefore a whole range
of impacts on biodiversity. Assessing these multiple interactions required a set of indicators, with preference
given to indicators based on the longest time series available for this assessment, covering five to seven
decades. The indicators assessed (fact sheet 4.1.101) cover the key aspects of climate impacting
agroecosystems. We used indicators describing changes in the magnitude of average and extreme events, as well
as shifts in seasonality, or the frequency of climate events. The indicators were classified in three categories:
climate anomalies, climate extremes and seasonality. The perspective adopted in this assessment is that climate
change creates a disturbance, leading to changes in the physiological responses of ecosystems, their time
responses (e.g. phenology), and spatial distribution (Bellard et al. 2012). Therefore, even though beneficial effects
for ecosystems are possible, e.g. in terms of increased primary productivity at the regional scale, significant
changes are overall considered pressures resulting in negative impacts on agroecosystem condition.

Overall, 60% of climate indicator trends show degradation, of these increasing mean annual temperature
(+0.342 °C/decade in the long term), number of summer days (+3.76 days/decade), and length of growing season
(+5.46 days/decade) show statistically significant changes over the available time series according to Mann-
Kendall trend test. Generally, EU climate goes in the direction of having longer warm periods, higher
temperatures, milder winters, and higher frequency of drought events.

The analysis shows that in the case of exceedance of critical loads, indicator trends for eutrophication by nitrogen
and for acidification by nitrogen and sulphur have improved both in the short term and since 2000 (long-term
trend). It means that depositions of pollutants causing acidification and eutrophication on agroecosystems have
decreased. High deposition levels can in fact impact grassland structure and function, in particular by inducing
changes in plant species composition, eutrophication and soil acidification (Henry and Aherne, 2014). The
improvement is significant, 47% decrease per decade for the acidification component, 20% decrease for the
eutrophication component.

The gross nitrogen balance, calculated from the total inputs minus total outputs to the soil, represents the total
potential threat to the environment of nitrogen surplus or deficit in agricultural soils. A negative balance (lack of
nitrogen) may cause degradation in soil fertility and erosion, while a positive balance (excess of nitrogen) may
cause surface and groundwater (including drinking water) pollution and eutrophication. Moreover, nitrogen in
excess can be lost to air as ammonia and other greenhouse gases (EEA, 2018). Gross nitrogen balance value is
quite stable at around 50 kg N/UAA ha/year at EU level (fact sheet 3.2.109).

The gross phosphorus balance provides an insight into the links between agricultural phosphorus use, losses of
phosphorus to the environment, and the sustainable use of soil phosphorus resources. A positive phosphorus
balance shows phosphorus surplus that can be leached to water bodies causing pollution and eutrophication. A
negative balance can mean risk for soil depletion but this has to be assessed in the context of the long-term
trend. If decades of excess phosphorus applications have built up large reserves of phosphorus in the soil,
maintaining a negative balance ('phosphorus mining") can be a sustainable management for years without
reducing crop yield potential. Phosphorous balance showed a significant downward trend of -0.25 kgP/UAA ha/yr
from 2004 to 2015 at EU level, but since 2010 no significant change has occurred (fact sheet 3.2.110).
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Mineral fertilizer consumption has increased by 16% in the short term, with values higher than 5% in most of EU
countries. The trend in the consumption of inorganic phosphorus fertilisers is not statistically significant, however
the percentage change in the short term is equal to 16% (fact sheet 3.2.111).

Data on pesticide sold quantities show that there is no significant trend in any of the six main types of pesticides
sales between 2011 and 2017, for the analysed 18 countries, nor for the total at EU level, which remains stable
at around 380,000 tonne/yr (fact sheet 3.2.112).

Lastly, indicator of intensification/extensification and loss of organic matter are part of the MAES indicators list,
but time series for such indicators are not available and trends cannot be calculated.
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Table 3.2.4. EU aggregated pressure data in relation to agroecosystems.

Pressure Indicator Unit Baseline Short-term Short- Short-term Long- Long- Long-term
class value (value trend (% term trend term term trend
in 2010) per trend confidence trend (% trend confidence
decade) (change) score [3 to 9] per (change) | score [3 to 9]
decade)
Habitat Land take ha/year 69,341 -37.10 N 7 -36.06 N ha/year
CO';VQ"S'O” Utilised Agricultural Area ha 180,137 -0.96 > 8 -4.64 v ha
an P —
degradation Inten5|f|gat|9n ! unresolved unresolved
(land Extensification
conversion) | £Cosystem extent ha 2,100,571 -0.094 > 7 -0.34 > %
Cllmate_ Annual mean temperature oC 95 ¥ 7 . +0.342 ¥ 9
anomalies C/decade
Effective rainfall mm -32 -56.57 U 6 -38 7 8
Summer days (nljmber of days where daily 44.46 812 unresolved 7 796 ¥ 9
max. temp > 25 °C)
Soil moisture (soil water % 135 NA unresolved 7 -0.35 > 9
deficit)
Change in Growing season length number of 24255 unresolved 7 +5.46 d ¥ 9
seasonality days
Pollution Exceedance of critical loads
and nutrient | for acidification eg/halyear 981 47 0 > 77 0 >
enrichment Exceedance of critical loads
for eutrophication eqg/halyear 466.7 -20 N 5 -24 ) 5
Gross nitrogen balance kg/ha 49 0 > 4 0 > 6
UAAlyear
Gross phosphorus balance kg/ha B
UAAlyear 2 0 > 4 1176 A 6
Mineral fertilizer consumption | tons/year | 10,401,900 15.79 7 6 unresolved
Phosphorus input tons/year 1,198,800 16.15 v 6 unresolved
Pesticide sales kglyear 381,071,739 0 > 5 unresolved
Loss of organic matter unresolved unresolved

A\: Significant improvement (significant downward trend of pressure indicator); =»: No change (the change is not significantly different from 0% per decade);
V: Significant degradation (significant upward trend of pressure indicator); Unresolved: 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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3.2.4.2 Indepth assessment

As explained in the previous section, 60% of climate indicators show statistically significant changes. The
analysis that follows focuses on five indicators: annual mean temperature, effective rainfall, summer days, soil
water deficit, growing season length.

The most relevant results are evident in the trend of annual mean temperature. Figure 3.2.1 shows that there is
hardly any area in the EU that is not affected by increasing temperature, in some cases exceeding 0.4 °C per
decade. Notably, it is remarkable that almost the whole of Scandinavian and Baltic countries are characterized by
an increase in temperature of the coldest quarter that exceeds 0.4 °C per decade (Figure 3.2.2).
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Figure 3.2.1. Trends in annual mean temperature 1960-2018 (significant at the 5% level according to the
Mann-Kendall test).
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Figure 3.2.2. Trends in mean temperature of coldest quarter 1960-2018 (significant at the 5% level according
to the Mann-Kendall test).

Despite the fact that annual precipitation does not show a significant trend at EU level (Figure 3.2.3), effective
rainfall is declining (Figure 3.2.4). Effective rainfall is the difference between mean annual precipitation and
mean annual potential evapotranspiration. It is considered an index of plant productivity, where values below zero
indicate that evaporative demand exceeds precipitation and values above zero that precipitation exceeds
evaporative demands. Therefore, it is a quantitative indicator of the degree of water deficiency at a given
location. The Iberian Peninsula, Central Italy and Southern France are significantly affected by decreases in
effective rainfall. By contrast, an increase in effective rainfall is evident in some areas of Northern Europe.
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Figure 3.2.3. Trend of annual precipitation 1960-2018 in the EU. Trend line computed using the Theil-Sen non-
parametric estimator. Increasing trend not significant at 5% according to Mann-Kendall trend test.
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Figure 3.2.4. Trends in effective rainfall 1960-2016 (significant at the 5% level according to the Mann-Kendall

test).

The frequency of drought events and extreme drought events (fact sheet 4.1.101) has been increasing in large

areas of Mediterranean, Central and Eastern Europe.

Finally, changes in seasonality, i.e. increasing number of summer days (Figure 3.2.5) or growing season length
(Figure 3.2.6), indicate that the extent of areas at the upper range (more than seven additional summer days per
decade or an addition of more than 10 days to the growing season) is not negligible. Particularly, an expansion of
summer is mostly visible in central and eastern Europe (continental climate) as well as southern Europe
(Mediterranean); whereas changes in growing season length are observable in south-eastern and north-western

Europe.
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Figure 3.2.5. Trends in summer days (days with daily maximum temperature > 25 °C) 1985-2018 (significant at
the 5% level according to the Mann-Kendall test)
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Figure 3.2.6. Trends in growing season length 1985-2018 (significant at the 5% level according to the Mann-
Kendall test)

Impacts on agriculture of changes in climate are described in EEA, 2019: climate change has already negatively
affected the agriculture sector in Europe, though this might also have some positive effects due to longer
growing seasons and more suitable crop conditions, the number of climate extreme events negatively affecting
agriculture in Europe is projected to increase. Moreover, there is evidence (Ceglar et al, 2019) that agro-climatic
zones have migrated North, and that such migration is likely to further accelerate, with higher migration
velocities of up to 100 km per 10 years in Eastern and Northeastern Europe, while Western Europe has seen a
strong northward shift of Atlantic climate zones, which is also moving central-northern Germany, replacing thus
continental climate. The magnitude of the impacts of these changes on biodiversity and condition of
agroecosystems is still to be fully analysed. However, some evidence is available especially for those taxa that
are regularly monitored. Northward shifts and changes in community composition are recorded in birds and
butterflies communities (Jargensen et al, 2016; Devictor et al, 2012) yet indicating lagging responses compared
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to the extent of climate-shifts; in mountain areas the more cold-adapted plant species decline and the more
warm-adapted species increase (Gottfried et al., 2012).

Regarding inputs on agroecosystems, our assessment indicates that despite previous efforts to reduce the impact
of pollutants and nutrients on ecosystems (CAP, Water Framework Directive, Nitrates Directive), their impact level
is still high. In fact, it should be noted that, in relation to pollution, critical loads for eutrophication are exceeded in
virtually all countries and in 73% of the ecosystem area in the EU (2016 data; Fagerli et al,, 2018).

With respect to gross nitrogen balance, the decrease that was visible until 2010 has stopped, and the balance
remained roughly stable since then (Figure 3.2.7). The analysis at Country level (fact sheet 3.2.109) shows that
Latvia and Cyprus have a statistically significant increasing trend, while of the seven countries showing
statistically significant decreasing trends (therefore an improvement) since 2004, only in Denmark the decrease
is statistically significant in the short term as well. Overall, values remain high to very high: five countries
(Belgium, Cyprus, Luxembourg, Malta and Netherlands) exceed 100 kgN/ha UAA/year; except Romania and
Bulgaria all countries have a balance higher than 20 kgN/ha UAA/year.

The consumption of mineral fertilisers is increasing at EU level (Figure 3.2.8), resulting from an increase in 12 EU
countries out of 28.
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Figure 3.2.7. Gross Nitrogen balance in the EU-28
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Figure 3.2.8. Consumption of inorganic nitrogen fertilisers in the EU-28

Finally, pesticide sales were stable at EU level (Figure 3.2.9), with some countries decreasing the purchased
quantities (Figure 3.2.10), notably Denmark, Portugal, Greece, Croatia and Czech Republic where sales have
decreased by 40% or more (the linear trend derived from 2010-2017 annual data marks a -102% for Denmark,
due to a steep decline in the period 2012-2014, the difference between last and first year is in fact -34%). In
other countries such as Austria, Finland and Latvia, purchases have increased by more than 40%. The total
quantity sold is approximately 380.000 tonnes/year in the EU. It is worth noting that the Harmonised Risk
Indicator for pesticides in the EU* is showing a 20% reduction in the risk to human health and the environment
from pesticides in the same period. The Harmonised Risk Indicator is calculated by multiplying the quantities of
active substances placed on the market in plant protection products by a weighting factor reflecting policy on the
use of pesticides. Nevertheless, quantities of active substances present in the sold volume are not available due
to EU statistical legislation force!®, therefore it is not possible to derive further indications about e.g. toxicity to
non-target species, or potential for residues of pesticide mixtures. Insect loss, pollinators decline (Uhl and Brdil,
2019), presence of residues in the soils (Silva et al., 2018; Silva et al, 2019) suggest a persistence of such
substances in the environment.

Information on trends on Invasive Alien Species (IAS) of Union Concern is not yet available, therefore the indicator
is not part of the present assessment. Nevertheless, the baseline is known and is worth mentioning as
complementary information: 46% of cropland area and 66% of grasslands are impacted by IAS. The assessment
is based on information on the 49 IAS listed on the Union list up to 2017 (EU, 2017) (23 plant and 26 animal
species). Their pressure was assessed as the summed occurrence of the IAS present in an area, weighted by the
extent of the affected cropland and grassland ecosystems (fact sheet 4.2.101).

4https://ec.europa.eu/food/plant/pesticides/sustainable use pesticides/harmonised-risk-indicators/trends-hri-
eu_en

15 Article 3(4) of Regulation (EC) No 1185/2009 requires the Commission to aggregate data in predefined groups
and categories before publishing.
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Figure 3.2.9. Estimates of pesticide sales in the EU-28 between 2011 and 2017 excluding confidential data
representing < 3% of the total of sales over the entire time series (source: Eurostat).
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Figure 3.2.10. Decadal % change in pesticide sales in EU Member States, calculated from Sen's slope and
intercept. In LT, SI, DE, PL, FR: Other Plant Protection Products or Molluscicides (that are usually used in negligible
amounts compared to the total) excluded in one or more years due to missing data. BG, CZ, EL, HR, HU, MT: there
is one year data gap. Baseline year: 2011, in BG, CZ, EL: 2012, HR: 2013 due to missing data. *: significant trend
according to the Mann-Kendall test. Data source: Eurostat.

3.2.5 Ecosystem condition: spatial heterogeneity and change over time

3.2.5.1 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. The indicators assess three main characteristics of the agroecosystems:
environmental quality, structure and function. Table 3.2.5 shows the values of the indicators aggregated at EU
level, and includes indicators for which either data or trends are not currently available. Four indicators show an
improvement: nitrogen concentration in groundwater, share of organic farming, livestock density and gross
primary production.
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Nitrogen concentration in groundwater is based on data reported under the Nitrates Directive®. In summary, the
percentage of stations exceeding 50 mg nitrates per litre has decreased by 12% in the short term, consolidating
the positive long-term trend which started in the monitoring period 2004-2007 (fact sheet 3.2.201).

The share of organic farming has shown a marked improvement (Figure 3.2.11), increasing significantly between
2010 and 2017 in 19 Member States and decreasing in the United Kingdom (fact sheet 3.2.208). The share of
organic farming in 2017 is 7.03% of the UAA, with an increase of 46% in the short term.
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Figure 3.2.11. Trend in share of organic farming in utilized agricultural area in the EU (%) for the period 2010-
2017 (Eurostat)

Livestock density has been decreasing, from 0.79 LU (Livestock Unit)/ha in 2004 to 0.75 LU/ha UAA in 2016.
While, in general, lower density is considered positive for agroecosystem condition, it is interesting to note that
the decrease has stopped in 2013 (fact sheet 3.2.209).

Gross primary production (GPP) has overall increased. This trend is further discussed in the following chapter (see
section 3.4.5.2).

Biodiversity indicators show mostly downward trends: the farmland bird index shows a decline both in the short
term (-7.4%) and in the long term (1990-2016, on average -13.5% per decade); the grassland butterfly index
does not show a statistically significant trend in the short term, potentially implying that the decrease registered
in the long term (-21.6% per decade) may have slowed.

Two indicators are directly derived from the Art.17 reporting on the conservation status of habitats under the
Habitats Directive: the share of grassland habitats in a favourable conservation status and the trends in
conservation status of grassland habitats that are in an unfavourable status (poor and bad). The total area of
grasslands that is covered under Annex 1 of the Habitats Directive is 234,300 km? (See chapter 2, Table 2.2). This
corresponds to 11% of the total extent of agroecosystem in the EU-28 and to 46% of the total extent of
grassland in the EU-28 (see table 3.2.1). The EU level assessment of the conservation status of 32 grassland
habitats concluded that 14.3% are in good (or favourable) conservation status. The remaining habitats are in
poor status (32.5%), a bad status (49.2%) or unknown (4.0%) (State of Nature report for the period 2013-2018,
forthcoming). Only 7.4% of the grassland habitats that is in an unfavourable status is showing improving trends.
Just over 50% of the grassland habitats that is in an unfavourable status is showing deteriorating trends. In
addition, Annex | habitats dependent on adequate agricultural management are assessed as bad (45 %) and poor

16 https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:019911L.0676-20081211&from=EN
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(38 %). Trends of only 8 % of these habitats are assessed as improving, whereas 45 % are deteriorating (State
of Nature report for the period 2013-2018, forthcoming).

The majority of indicators shows no significant trend. It must be noted that this is sometimes related to
limitations of the adopted approach, for example High Nature Value (HNV) farmland maps record losses of HNV
farmland linked to changes in land cover, but not yet to increasing management pressures (fact sheet 3.2.207).
This is likely to underestimate ongoing intensification processes, since the information on management intensity
is not embedded in CORINE Land Cover, which is the basis for HNV farmland maps used in this assessment. On
the contrary, abandonment is mapped to the extent that an agricultural land cover class converts through time to
a natural class (e.g. grassland to transitional woodland shrub).
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Table 3.2.5 EU aggregated agroecosystems condition indicators.

Condition Indicator Unit Baseline value Short- Short- Short-term Long- Long- Long-term
class (2010) term term trend term term trend
trend (% trend confidence trend (% trend confidence
per (change) score per (change) | score[3 to
decade) [3 to 9] decade) 9]
Environmental
quality (physical | Nitrogen concentration % stations > 50 14.4 (2008- _ _
and chemical in groundwater mg/l 2011) 11.50 0 6 1031 0 7
quality)
. ) See fact sheet
Landscape mosaic index 43201 0 > 7 0 > 8
Crop diversity (SoD_Ill)ndex 0.5859 0] -> 5 0 > 4 6
Share of dominant crop | % 41.05 0] -> 5 -195 > 6
Crop rotation unresolved unresolved
Structural Share of semi-natural
unresolved unresolved
ecosystem elements (%/ha)
attributes Connectivity of semi-
. unresolved unresolved
(general) natural elements (index)
Share of fallow landin ) 496 -37.84 " 6 -60.53 " 7
utilised agricultural area
HNV farmland area ha 75,167,308* 0 > 5 0 > 6
Share of organic o
farming in UAA Yo 52 4587 TN 6 56.28 ) 7
Livestock density LU/ha 0.79 -2.96 > 5 -6.51 ) 5
Structural Farmland Bird Index index 72.15 -7.38 Z 5 -13.47 b 6
ecosystem
attributes based ﬁgizltaor:d Butterfly index 66 -9.36 unresolved 6 -21.63 v 7
on species
diversity and Wild pollinators indicator unresolved unresolved
abundance
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Condition Indicator Unit Baseline value Short- Short- Short-term Long- Long- Long-term
class (2010) term term trend term term trend
trend (% trend confidence trend (% trend confidence
per (change) score per (change) score
decade) decade)
Share of grassland
habitats listed under
Annex 1 of the Habitats % 143
Directive in favourable
conservation status**
Structural Trends in un % improving 74 A
ecosystem unfavourable % stable 167 >
attributes conservation status of 5 - - v
monitored grassland habitats listed %o deteriorating 509
under the EU under Annex 1 of the % unknown 250 unresolved
nature Habitats Directive**
directives and Cropland:
national Percentage of Cropland: 5.78 0 Cropland: O
legislation agroecosystems covered Percentage Grassland: Grassland: > 7 grassland: > 4 8
by Natura 2000 10.03 0 ’ 0
Percentage of Cropland: 6.41 Cropland: Cropland:
agroecosystems covered % Grasslénci- -0.04 > 7 0.02 > 8
by Nationally designated 1294 ’ Grassland: Grassland:
areas (CDDA) ) 0.44 0.33
Structural soil ?g;]lt;);%anlc matter tonnes/ha 80.5 -0.36 -> 5 -0.353 -> 6
attributes Soil biodiversity unresolved unresolved
. Cropland: Cropland: Cropland:
252322?# Gross primary kJ/halyear 0.9213 125 A 6 6.72 A 7
attributes production (kJ/ha/year) gr;t;;lsand: f;a;sland: griasssland:

A\: Significant improvement (significant upward trend of condition indicator); =»: No change (the change is not significantly different from 0% per decade);
V: Significant degradation (significant downward trend of condition indicator); Unresolved: 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

*baseline 2012; ** The indicators on grassland habitat conservation status have been treated differently than the other indicators with a different baseline
year and different time period (2013-2018); so the percent change is expressed for a period of 6 years instead of 10 as for the other indicators. The trends

in conservation status are only available for grassland habitats in an unfavourable conservation status. Please check chapter 2 for details.
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3.2.5.2 In-depth assessment

One key outcome emerging from the assessment on agroecosystem condition is that there is no sign of
reversal of biodiversity loss. The farmland bird index shows a decline not only when aggregated at EU level,
but to different degrees at regional level as well (fact sheet 3.2.210 and Figure 3.2.12). The index for the four
regions is based on the EU list of farmland birds (39 species). Decadal changes, indicating a loss, are all
above 10%, with a maximum of 21% in West Europe. Compared to long term trends (1990-2016), the rate of
decline has slowed in recent years (2010-2016). Similarly, the grassland butterfly indicator shows an
equivalent decrease in the long term (1990-2017; -15%), which has slowed in the short term (2010-2017;
fact sheet 3.2.211).
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Figure 3.2.12. Regional farmland bird indices (EU-28 Countries, with Switzerland included in West Europe,
and Norway in North Europe).

Three condition indicators show improvement, these are: nitrogen concentration in groundwater, share of
organic farming, and gross primary production. It is worth analysing such trends in relation to agroecosystem
condition.

The first indicator, nitrogen concentration in groundwater, is based on data reported under the Nitrates
Directive. In the reporting period 2012-2015, the total number of reported groundwater monitoring stations in
EU-28 was 34,901, nearly the same as in the previous reporting period. Approximately 66% of the monitored
stations are located in MAES agroecosystems. Overall, the percentage of stations exceeding 50 mg nitrates
per litre has decreased by 11.9% in the short term, consolidating the long-term trend starting in the 2004~
2007 monitoring period. At the same time, stations recording a value less than 25 mg nitrates per liter have
increased by 3.6%. Notwithstanding water monitoring results from the periods 2012-2015 and 2008-2011
show either a stable or improving water quality in 74% of the stations, it has to be noted that “nutrients
overload from agriculture continues to be one of the biggest pressures on the aquatic environment” (EC,
2018).

Since 2010 the share of organic farming has increased significantly (Figure 3.2.13). Given the proven positive
links of organic farming with biodiversity (e.g. Pfiffner and Balmer, 2011, Tuck et al,, 2014) this is considered
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a positive trend. In a perspective of reversing biodiversity decline though, it must be noted that the current
share of organic farming (7.03%, 2017 data) is still a small share of the UAA.
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Figure 3.2.13. Share of organic farming in utilized agricultural area in the EU (%UAA). 2005-2011: 27
countries, 2012-2017: 28 countries

Gross primary production (GPP) needs some insight. The indicator describes the trend in annual cumulative
GPP values, computed from MODIS satellite images (Fact sheet 3.2.217 and Figure 3.2.14). In general the
trend is positive, with a short term trend showing a steeper increase compared to the long term trend (2001-
2018). The decadal percentage change calculated from the short-term trend is 12.48% for croplands and
14.53% for grasslands. These increases are considered positive in this assessment, though some caution
should be adopted, and a more in-depth analysis of the drivers behind the increase in biomass productivity
should be performed. In fact, increased productivity can be attributed to climate, as well as to factors linked
to land management: increased use of fertilisers, use of irrigation plants, and changes in crop rotation,
intercropping, or in general to the introduction of practices aiming at leaving the soil covered, which can lead
to an increased biomass production per areal unit.
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Figure 3.2.14. Trend in gross primary production in cropland (JRC, 2019)

Due to policy reasons (abolishment of the set aside requirements in 2009), fallow land in the EU has
massively declined (-46% in the current decade). This trend may have negative impacts on biodiversity, as
reported in Traba and Morales (2019) who found a positive correlation between the decrease of fallow land in
Spain and the decline of the Little Bustard, the Cereal Bird Index, and a statistically significant correlation with
the Farmland Bird Index.

The remaining indicators show no significant changes.
3.2.6 Convergence of evidence

3.2.6.1 Summary of the trends in pressure and condition

Table 3.2.6 summarizes the short and long term trends of pressures and condition indicators. The table does
not include the indicators on conservation status of habitats, species and birds as they do not result in a
single trend (but rather a proportion for each trend).

Trends of pressures on agroecosystems were calculated using 16 indicators with available data (one indicator,
Loss of organic matter, could not be quantified). The assessment reveals that in the short-term trend, four of
these 16 indicators show negative change resulting in degradation, four indicators show no change, three
indicators exhibited a positive change resulting in improvement, and for five indicators data are not available
or the trend is unresolved. In the long-term trend, five indicators show negative change resulting in
degradation, three no change, four a positive change resulting in improvement, and four indicators remain
unresolved or have no data.

Trends of agroecosystem condition were calculated using 14 indicators with available data (the trends of 5
indicators could not be quantified). In the short-term trend, two indicators show further degradation, eight
show no change relative to 2010, three suggest an improvement, and one indicator remains unresolved. In
the long-term trend four indicators indicate improvement, seven show no change, and three degradation.
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Table 3.2.6. Summary of trends in pressure and condition of agroecosystems in the EU-28

Indicator Short-term Long-term
trend - Since trend
2010

Pressures | Land take A N
Utilised agricultural area > 7
Intensification / Extensification unresolved unresolved
Ecosystem extent > >
Annual mean temperature 7 N7
Effective rainfall (7 N
Summer days unresolved [\
Soil moisture (soil water deficit) unresolved >
Growing season length unresolved \7
Exceedances of critical loads for acidification A N
Exceedances of critical loads for eutrophication 1. A
Gross nitrogen balance > >
Gross phosphorus balance > )
Mineral fertilizer consumption 7 unresolved
Phosphorus input 7 unresolved
Pesticide sales > unresolved
Loss of organic matter unresolved unresolved

Condition | Nitrogen concentration in surface and groundwater AN A
Landscape mosaic > >
Crop diversity > >
Share of dominant crop > 4 ->
Crop rotation unresolved unresolved
Share of semi-natural elements (%/ha) unresolved unresolved
Connectivity of semi-natural elements (index) unresolved unresolved
Share of fallow land in utilised agricultural area \7 b
HNV farmland area > >
Share of organic farming in UAA A N
Livestock density > A
Farmland Bird Indicator 7 N7
Grassland Butterfly Indicator unresolved 7
Wild pollinators indicator unresolved unresolved
Percentage of agroecosystems covered by Natura 2000 > >
Percentage of agroecosystems covered by Nationally > 5
designated areas (CDDA)
Soil organic matter content > >
Soil biodiversity unresolved unresolved
Gross primary production (kJ/ha/year) AN A

A\: Significant improvement (significant downward trend of pressure indicator; significant upward trend of
condition indicator); =: No change (the change is not significantly different from 0% per decade); W:
Significant degradation (significant upward trend of pressure indicator; significant downward trend of
condition indicator); Unresolved: 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. Indicators of
conservation status of habitats, species and birds are excluded.
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3.2.6.2 Mapping convergence of evidence

The indicator trends available as geospatial layers have been aggregated to provide information about areas
in the EU affected by degradation or improvement. Results are shown in Figures 16, 17 and 18. The maps
were created by overlaying trend maps of the following indicators:

- Effective rainfall

- Summer days

- Soil water deficit

- Drought indicators (frequency or total severity)
- Drought impact

- Growing season length

- Eutrophication

- Acidification

- Gross nitrogen balance

- Mineral fertilizer consumption
- Crop diversity

- Landscape mosaic

- Carbon stock

Indicators used to map gross nitrogen balance and mineral fertilizer consumption in this part of the
assessment are based on time series maps provided by the spatial disaggregation module of the Common
Agricultural Policy Regionalised Impact (CAPRI) modelling system (Leip et al, 2008) and cover the period
2000-2012, having thus limited capacity of representing the current decade compared to the reference
datasets used in chapter 3.4.4.1.

According to the results, 22% of the agroecosystems area shows improvement in at least three indicators
(Figure 3.2.16), most of these are concentrated in the Northern part of the EU (Figure 3.2.15). Conversely,
27% of the agroecosystems area shows degradation in at least three indicators (Figure 3.2.18), mostly
concentrated in the Southern part of the EU (Figure 3.2.17). In 28% of agroecosystems area five indicators
show no change (Figures 3.2.19 and 3.2.20).
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Figure 3.2.18 Agroecosystem area showing degradation, per number of indicators per share of area
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3.2.7 Options for policy

Nature policies and the CAP have addressed for a few decades the issue of biodiversity loss and the need to
maintain the functionality of agroecosystems. Despite positive effects have been observed, especially in
terms of nature protection and conservation (EC, 2016), and benefits deriving from the implementation of
agrienvironmental schemes (Batari et al, 2015; Gamero et al, 2017), the analysis of indicator trends shows
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that what was done is not sufficient to register an overall improvement of agroecosystems condition. In fact,
while pressures on agroecosystems have largely remained unchanged throughout the 2010-2020 decade,
two thirds of condition indicators show either stable or declining trends.

The European Court of Auditors (ECA) in its 2020 assessment on the contribution made by the CAP to
maintaining and enhancing biodiversity (ECA, 2020), found that the CAP has so far been insufficient to
counteract declining biodiversity on farmland. The ECA recommendations to the European Commission are to:

1. improve coordination and design for the post-2020 EU biodiversity strategy - to this end also
tracking expenditure more accurately;

2. enhance the contribution of direct payments to farmland biodiversity;

3. increase the contribution of rural development to farmland biodiversity;

4. develop reliable indicators to assess the impact of the CAP on farmland biodiversity.

Many authors (institutional, scholars, experts, researchers, analysts) have expressed their view about options
for the CAP that would lead to a more sustainable management of agroecosystems. Though the proposed
solutions may differ in the identification of follow-up actions, they widely recognise the primary need to
support biodiversity and environmental public goods and stem from the assumption that major changes are
needed in policy to reach such targets, for example: “Member States should make use of the full range
of CAP instruments and measures to support biodiversity including the co-existence of agriculture with
protected species” (Alliance Environnement, 2019); “Transform Direct Payments into payments for public
goods” (Pe’er et al, 2020); “The main part of CAP budgets should pay for the production of public
goods” (Agroecology Europe, 2020); “For the next CAP reform, the Commission should develop a complete
intervention logic for the EU environmental and climate-related action regarding agriculture, including specific
targets and based on up-to-date scientific understanding of the phenomena concerned” (ECA, 2017);
“Increasing the share of the CAP budget devoted to higher level environmental payments, potentially
becoming the largest element” (Buckwell et al. 2017).

Moreover, it is also clear that a cross-policy approach is needed, to identify synergies, to handle trade-offs
and coordinate actions impacting land use and landscape management in order to move towards a shared,
common goal.

The preparation for the post-2020 policy started with a public survey about the CAP in December 2017%7,
which highlighted a strong interest of the public opinion for a higher environmental performance of the CAP;
soon after, in 2018, the legislative proposal for the CAP beyond 2020* was published, which lists, among its
nine objectives, the need to preserve landscapes and biodiversity. In 2019 the publication of the European
Green Deal'® set the reference framework for two main legislation pieces to cross-reference and mutually
reinforce their action: the Farm to Fork Strategy?® and the EU Biodiversity Strategy?!. These two strategies
identify in detail on which points policies must act to release pressures on agroecosystems, to enhance
biodiversity and condition of agroecosystems: a sustainable management of nutrients, reducing pesticides use
and risk, bringing back agricultural area under high-diversity landscape features, increasing the area under
organic farming and the uptake of agro-ecological practices, reversing the decline of genetic diversity of
plants and animals, protecting soil fertility, reducing soil erosion and increase soil organic matter. It is
therefore crucial that the future CAP is aligned with the environmental ambitions established by these
Strategies??. The architecture of the CAP post-2020 is based on a new delivery model aiming at achieving
more subsidiarity and simplification. Member States will elaborate national CAP Strategic Plans that will
define the specific measures and interventions in both CAP pillars, i.e. direct payments and rural development.
A new system of conditionality will be in place, subjecting payment eligibility to increased environmental
standards. Eco-schemes will be introduced under Pillar I, aiming at encouraging farmers to adopt more
ecological approaches or specific practices, in line with the Green Deal objectives on climate change,

https://ec.europa.eu/info/food-farming-fisheries/key-policies/common-agricultural-policy/cap-
glance/eurobarometer en

18 https://ec.europa.eu/commission/publications/natural-resources-and-environment

19 https://eur-lex.europa.eu/resource.html?uri=cellar:b828d165-1c22-11ea-8clf-
0laa75ed71al1.0002.02/DOC 1&format=PDF

20 https://ec.europa.eu/info/sites/info/files/communication-annex-farm-fork-agreen-deal en.pdf

21 https://ec.europa.eu/info/sites/info/files/communication-annex-eu-biodiversity-strateqy-2030 en.pdf
22 https://ec.europa.eu/info/sites/info/files/food-farming-

fisheries/sustainability and natural resources/documents/analysis-of-links-between-cap-and-green-
deal en.pdf
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management of natural resources, and biodiversity. As in the previous period, agri-climatic environmental
measures in Pillar Il will compensate farmers for the voluntary implementation of stricter environmental
commitments. Under the new delivery model, they will also be used to support result-based payments
schemes.

Compared to the past, the legislative setting offers a higher potential to put in place those transformative
changes the EU Green Deal is advocating: “To achieve these aims, it is essential to increase the value given to
protecting and restoring natural ecosystems, to the sustainable use of resources and to improving human
health. This is where transformational change is most needed and potentially most beneficial for the EU
economy, society and natural environment”. Agroecosystems need to regain resilience and the supply of
ecosystem services needs to be enhanced; moreover, by representing 47% of terrestrial ecosystems, an
improvement in agroecosystem condition is essential to meet restoration goals. This is the last call before the
impact of climate change requires a much higher toll. Missing the target and postponing the problem to the
next round of policy drafting is not an option.

3.2.8 Knowledge gaps and future research challenges

The assessment would have benefited of indicators originally identified in the 5th MAES report, but not
available for the following reasons:

the indicator is not (yet) available (connectivity of semi-natural features; wild pollinators)
e the indicator is in an initial phase of its development (soil biodiversity)

e trends or updated trends (fitting MAES temporal requirements) of existing indicators (e.q. introduction
of invasive alien species, Human Appropriation of Net Primary Production, soil erosion) are planned
but not currently available

e data are available but show limitations (e.g. pesticides, for which use data are not available, and
available resolution is extremely coarse)

e data or proxies are available but processing efforts exceeded the capacity of the present exercise
(e.g. analysing LUCAS transect data to derive trends in landscape elements density)

e data are not sufficiently up-to-date or do not date long enough in the past to reliably indicate long-
term trends.

Moreover, data used in this assessment in some cases do not consistently cover all EU countries (e.g.
Grassland Butterfly Index, pesticides).

It is important to notice that for some indicators, actions are in place or in preparation to fill the knowledge
gap. This is the case of soil biodiversity, being developed within the LUCAS survey?3, the pollinators indicator
under development within the EU Pollinators Initiative?*; the CAP 1.20 indicator “share of UAA covered with
landscape features”?; ecological quality of cropland and grassland habitats (under European Monitoring of
Biodiversity in Agricultural Landscapes (EMBAL)?® and LUCAS grassland module?). For others, e.g. pesticides,
the data gap is likely to remain for a longer time.

Monitoring biodiversity is essential to be able to assess if policy targets have been met (e.g. halting
biodiversity loss). While availability of information on species and habitats is improving, indicators on genetic
diversity are still missing from the overall picture, and in particular organised information, at the EU level, on
the number, amount and geographical distribution of traditional breeds, cultivars, landraces, wild crop
relatives, traditional and ancient varieties.

In a perspective of climate change, knowledge is needed to assess the net effects of policy action, to
understand through which processes specific agricultural practices, or combination of these, can enhance the

25 https://esdac.jrc.ec.europa.eu/projects/lucas

24 https://ec.europa.eu/environment/nature/conservation/species/pollinators/index _en.htm

25 https://ec.europa.eu/info/food-farming-fisheries/key-policies/common-agricultural-policy/future-

cap en#documents

26 https://ec.europa.eu/environment/nature/knowledge/pdf/embal report.pdf

27 https://ec.europa.eu/eurostat/documents/205002/8072634/LUCAS2018-C6-Grassland-LUCAS-species-

photoguidance.pdf
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resilience of agroecosystems, and which are the nature based solutions fostering ecosystem services,
including the provisioning ones.

3.2.9 Conclusions

In conclusion, to understand the scale of the results presented in this report, a detailed trend description is
following, which includes baseline information and pressures trends.

Improving trends:

exceedances of critical loads have been reducing in the EU, though acidity exceedances occur in 6.6%
in the EU-28 (2016 data), critical loads for eutrophication are exceeded in about 73% of the EU-28
area. In summary, despite the trends show an improvement, “a lot remains to be done in terms of
emission reductions to achieve non-exceedance of critical loads everywhere” (Fagerli et al., 2018).

nitrogen concentration in groundwater has decreased, but as mentioned in 3.4.5.1 it is acknowledged
that nutrients overload from agriculture continues to be one of the biggest pressures on the aquatic
environment;

gross phosphorus balance steadily decreased;

share of organic farming steadily increased; nevertheless organic farming covers less than 8% of the
UAA;

livestock density decreased by 6.5% and corresponds to 0.75 LU/ha (2016 data);

gross primary production notably increased in the short term by around 12% per decade

No Change trends:

gross nitrogen balance remained stable around 50 kg/ha UAA/year;

pesticide use remained unchanged, with a reduction in the risk to human health and the environment.
Quantities used amount to 380 000 tons/year

farmland structural parameters, landscape mosaic and crop distribution remained within the no-
change limits defined in the present assessment

the share of agroecosystems under protection by EU and national legislation did not increase, though
it has to be noted that the share is not negligible: 6.5% of croplands and 13% of grasslands are
included in nationally designated areas.

Soil organic matter is a parameter that has a much slower dynamics than the assessed period and
shows a no change signal.

Declining trends (degradation):

concerning climate trends, the assessed data show changes that affect, to different degrees, large
extents of the EU area. For agroecosystems this means increasing length of the growing season,
northern shift of agro-climatic zones, changes in community composition, shift in animal and plant
species ranges;

biodiversity trends show a decline, though not as pronounced as for the long-term trend. The
farmland bird index has declined by 7.4% in this decade (17.8% in Western Europe). In all four
European regions for which the farmland bird index is available, the decline appears to be more
moderate in recent years, hinting to a slowing of the declining trend. The same happens for the
grassland butterfly index. The reasons for this and especially the role played by different factors are
not fully disentangled (e.g. policy action, shifts in community composition, decline of vulnerable
species etc.).

regarding biodiversity it is worth mentioning, that 46% of cropland and 66% of grasslands are
impacted by invasive alien species of Union Concern?. The situation is expected to become more
critical, since there is increasing evidence that climate change is projected to intensify processes
underlying biological invasion (Capdevila-Arglelles and Zilletti, 2008);

28 https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32014R1143&from=EN
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e lastly, the EU level assessment of the conservation status of 32 grassland habitats concluded that
14.3% are in good (or favourable) conservation status. The remaining habitats are in poor status
(32.5%), a bad status (49.2%) or unknown (4.0%). Furthermore, almost 51% of the grassland
habitats that is in an unfavourable status is showing deteriorating trends

The assessment presented in this report is based on trends calculated on the basis of available data, and
therefore may overlook factors that would describe in a more complete way the dynamics of agroecosystem
condition. Nevertheless, many relevant variables are taken into account and the main conclusion is that the
degradation trend of agroecosystems was not halted in the 2010-2020 decade. Such trend departs from a
condition of agroecosystems that had already been suffering long-term degradation and important
biodiversity losses, while pressure levels are to a large degree unchanged or increasing. These are the same
pressures that contributed in the past decades to biodiversity loss, which is still ongoing, as clearly shown by
available biodiversity indicators. Therefore, when increasing pressures from a changing climate are added to
the picture, there is no evidence that reversal of biodiversity trends and improvement of ecosystem condition
will take place, if appropriate actions are not taken.
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3.3 Forest ecosystems
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Summary: This chapter assesses trends in indicators of forest pressures and condition in the EU-28. The
assessment describes quantitatively the current condition of forests, key drivers of degradation and options
for improvement. Forests are the largest terrestrial ecosystem in the EU-28 covering around 38% of the land
area, hosting a dominant part of Europe’s terrestrial biodiversity, and contributing significantly to climate
change mitigation. Nevertheless, after millennia of forest use, currently only around 2% to 4% of EU-28
forests are primary forests. Nowadays, most EU-28 forests are semi-natural (89%) and the remaining share
is covered by plantations. In the years after the Second World War, and up to now, the forest area has
increased in Europe. The area of forests has increased by 13 million hectares in the period 1990-2015 in the
EU-28 due to both natural processes and to active afforestation. This does not necessarily mean that the
condition of forests in Europe is good. Forest ecosystems have been subject to change due to human
activities and other natural dynamics. In general, the condition of EU forests is poor?®, and there are serious
concerns regarding upward trends of several pressures and degrading condition indicators. Changes in climate
and tree cover loss (due to wildfire, storms, harvesting) have been increasing notably over the recent years.
Likewise, pollutants remain a concern even if the trends point in the right direction.

The effects of upward trends in pressures are evident in forest condition. For example, one out of four trees
shows defoliation levels indicating damage, due predominantly to unidentified drivers, followed by insects and
abiotic factors, mostly drought. Additionally, the trend in defoliation over the period 1998-2017 is upward
revealing further degradation of forest ecosystems. Likewise, other parameters such as evapotranspiration
suggest functional changes in ecosystems. However, there are also some positive signals. Some structural
indicators of condition have shown improvement in the long and short term, for example forest area®°,
biomass volume and deadwood. Likewise, ecosystems productivity is increasing. Regarding biodiversity
indicators, the abundance of common forest birds did not show significant changes in the long-term period,
though a 3% decrease was reported since 1990. Nevertheless, the situation seems to be improving in the last
few years.

The EU level assessment of the conservation status of 81 forest habitats concluded that 14.2% are in good
(or favourable) conservation status. The remaining habitats are in poor status (53.9%), a bad status (30.6%)
or unknown (1.3%).

Similarly, the findings of this assessment suggest that 47% of EU-28 forest land is exposed to at least three
drivers of degradation (indicators), and 20% to at least four, in contrast only 20% of forest land is exposed to
one or no degradation drivers.

An important number to consider is the ratio between forest available for wood supply (FAWS) and forests
protected for biodiversity in the EU-28: 1:6 (own calculation with data from FOREST EUROPE (2015b)). In
other words, for each square kilometre of forests protected for biodiversity there are six square kilometres of
potentially productive forest land. The low share of protected forests depicts well the patchy character of
biodiversity valuable forests in the EU.

The analysis of EU forests in the perspective of the identified pressures such as the effects of pollutants,
projected impacts of climate change, and the foreseen increased demand of forest resources (e.g. for
renewable energy or other sectors), call for a coordinated response at EU level. The response should aim at
more ambitious, clear and measurable goals and targets at EU scale to enhance biodiversity and the provision
of forest public goods in support of more sustainable forests, along with an appropriate monitoring
framework.

29 Ecosystem condition: The physical, chemical and biological condition or quality of an ecosystem at a
particular point in time.

30 Includes areas with young trees and areas that are temporarily unstocked due to cuttings as part of a
forest management practice or natural disasters.
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3.3.1 Introduction and description of forest ecosystems

Forests are the largest terrestrial ecosystem in the EU-28 covering around 1613! million ha (FOREST EUROPE
2015b), corresponding to 38% of the EU-28's land area, hosting a dominant part of Europe’s terrestrial
biodiversity, and contributing significantly to climate change mitigation. Due to both natural processes and to
active afforestation, the area of forests has increased by 13 million hectares in the period 1990-2015 in the
EU-28. Nevertheless, in Europe humans have modified forests since the mid-Holocene by clearing for
cropland and pasture, and have used them as a source of fuelwood and construction materials (Kaplan et al.
2009). After a long history of forest management, currently only around 2%—4% are primary forests in the
EU-28 (FOREST EUROPE 2015b; Sabatini et al. 2018). Nowadays, the major part of EU-28’s forests is semi-
natural®? (89%) and the remaining share is covered by plantations (FOREST EUROPE 2015b).

According to FOREST EUROPE (2015b), most EU-28 forests, 849%, are available for wood supply (FAWS), i.e.
potential sources of wood. FOREST EUROPE (2015a: 10) defines FAWS as “forests where any environmental,
social or economic restrictions do not have a significant impact on the current or potential supply of wood.
These restrictions can be established by legal rules, managerial/owner’'s decisions or because of other
reasons”. In contrast, only around 14% of EU-28 forests are protected for biodiversity and nature
conservation®® (FOREST EUROPE 2015b).

In the last available reporting period of the Habitat Directive, 2013-2018, the EU-28 Member States (MS)
indicated that only 30% of forest habitats of EU interest®* is in favourable conservation status, and only 13%
shows an improving trend. Additionally, the International Union for Conservation of Nature (IUCN) estimated
that 160 out of 431 (379%) native tree species are threatened with extinction, and 57 (13%) are data deficient
in the EU-28. Regarding endemic tree species, 147 out or 252 (58%) are threatened, of which 25% are
critically endangered, and 34 (13%) are data deficient. Note that of the 147 endemic threatened species, 122
(83%) are part of the Sorbus genus (Rivers et al. 2019). Finally, in line with these findings, the last report
from the International Co-operative Programme on Assessment and Monitoring of Air Pollution Effects on
Forests (ICP Forests) (Michel A 2018) indicates that one out of four (25.1%) of all assessed trees showed
defoliation levels suggesting damaged trees. Furthermore, all the 10 groups of the most abundant tree
species exhibited upward trends of defoliation between 1998 and 2017, of which seven groups showed
statistically significant trends.

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 forests relative to the baseline 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 collected. 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 biodiversity and ecosystems.

This chapter delivers the baseline data to establish a (legally 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 forests as required by the new EU Biodiversity Strategy to 2030. Determining
these criteria of forest ecosystems requires also agreeing on a reference condition against which the past or
present condition can be evaluated. More work will be needed to determine the target and reference levels of
pressure and condition indicators in agreement with stakeholders, scientists and policymakers.

EU forest policy

“Preserving, protecting and improving the quality of the environment” and the “prudent and rational utilisation
of natural resources”, which include forests, fall under the EU environmental policy (Treaty on the functioning
of the EU, article 191). The European Court of Justice confirmed this in 1999. Several pieces of EU legislation
affect forests and forest management directly or indirectly®. Moreover, there is a variety of forest-related

31 182 million ha of forest and other wooded land (OWL).

32 Semi-natural forests: Forests which are neither forest undisturbed by man nor plantations (FOREST EUROPE
2015a).

33 Equivalent to above 23 million hectares in the EU-28 (not including data for Austria and Romania).

34 Forest habitats of EU interest are forest habitats listed in Annex | of the Habitats Directive. According to
MAES figures, forest habitats of EU interest cover around 28% of the EU’s forest area.

35 e.g. Environmental Impact Assessment Directive:
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32014L 0052

Strategic Environmental Assessment (SEA) Directive:
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policies that contribute to the sustainable management of forest ecosystems in synergy with the Biodiversity
Strategy to 2020 (European Commission 2011). The aims of the Strategy include the commitments taken by
the EU to meet the Aichi targets of the Convention of Biodiversity*’.

The Biodiversity Strategy recognises the key role of forests in biodiversity protection and of the dependency
of human well-being on natural capital from forest ecosystems (Guerry et al, 2015). The Strategy aims to
halt the loss of biodiversity and the degradation of ecosystem services in the EU by 2020. It also aims to
restore them in so far as feasible, while stepping up the EU contribution to averting global biodiversity loss.
The Biodiversity Strategy requests that MSs achieve a significant and measurable improvement in the
conservation status of forest species and habitats, among other targets, by fully implementing EU nature
legislation®® and ensuring that Forest Management Plans® contribute to the adequate management of the
Natura 2000 network. The new Biodiversity Strategy to 2030“° aims to increase the quantity of forests and
improve their health and resilience. It calls for protecting all remaining EU primary and old-growth forests,
propose a new forest strategy in 2021 and sets an objective of planting at least 3 billion additional trees in
the EU by 2030,

The EU Forest Strategy 2014-2020 (European Commission 2013)*! looks at promoting multifunctional and
sustainable forest management, with the aim of safeguarding forest functions with a balanced and efficient
use of forest ecosystem services. In addition, it also looks at ensuring that forest management contributes to
the achievement of the objectives assigned to the Natura 2000 network. The mid-term report on the progress
in the implementation of the EU Forest Strategy*? refers, however, to the fact that “despite the action taken
so far, the implementation of the EU biodiversity policy remains a major challenge”. It further states that
“further efforts are needed to enhance the role of Forest Management Plans in achieving biodiversity targets
and support the provision of ecosystem services”.

Other EU policies with direct effects in forest ecosystems are for instance the Birds** and Habitats*
Directives. These are the pillars of EU’s nature legislation, furthermore they define the provisions of the
Natura 2000 network*. Other examples are the Timber Regulation®, the Invasive Alien Species Regulation®’
and the LULUCF regulation*®. The provisions of the mentioned policies are also relevant for the Common
Agricultural Policy (CAP) and rural development policies regarding forest*®. Forests should also play an
important role in the achievements of the EU’'s 2030 climate and energy framework®, because of their
contribution to climate change mitigation efforts and their role as a source of renewable bioenergy. Certainly,
multiple policy drivers on forests create challenges for compliance based on sectoral aims. One example is

https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX%3A32001L0042

Access to Environmental Information Directive:

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32003L0004

Habitats Directive:

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A319921.0043

Birds Directive:

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32009L0147

Timber Regulation:

https://ec.europa.eu/environment/forests/timber regulation.htm

36 https://ec.europa.eu/environment/nature/biodiversity/strategy/index en.htm

37 https://www.cbd.int/sp/targets/

38 https://ec.europa.eu/environment/nature/legislation/index en.htm

39 https://ec.europa.eu/environment/forests/information.htm

40 https://ec.europa.eu/info/files/communication-eu-biodiversity-strateqy-2030-bringing-nature-back-our-
lives en

41 https://ec.europa.eu/info/food-farming-fisheries/forestry/forestry-explained#theeuforeststrategy

42 https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52018DC0811

43 https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32009L0147

44 https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:319921 0043&from=EN

45 https://ec.europa.eu/environment/nature/index_en.htm

46 https://ec.europa.eu/environment/forests/timber regulation.htm

47 https://eur-lex.europa.eu/legal-content/EN/TXT/?2qid=14174435047208&uri=CELEX:32014R1143

48 https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32018R0841 &from=EN

49 https://ec.europa.eu/info/food-farming-fisheries/key-policies/common-agricultural-policy/cap-glance en

30 https://ec.europa.eu/clima/policies/strategies/2030 en
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the potential conflicts due to trade-offs between biodiversity conservation and biomass extraction for energy
(EEA 2016).

3.3.2 Ecosystem extent and change

Information on changes in the cover of forest ecosystems is an essential element for assessing the
sustainability of land management. The focus of this section is on forest dynamics resulting from land cover
changes. This is a key piece of information for a better understanding of the overall state of forests, their
resources and ecosystem services. The assessment presented in this section is based entirely on data from
Corine Land Cover (CLC) (EEA, 2000). In accordance with the First MAES report (2013), the used definition of
forest corresponds to the three CLC forest categories and the “transitional woodland shrub” category (EEA
2000), i.e. the sum of the broadleaves (CLC 311), conifers (CLC 312), mixed forest (CLC 313), and the
transitional woodland and shrub (CLC 324) classes. We acknowledge that CLC provides forest area accounts
not necessarily in fully agreement with national forest definitions®!. Therefore, some discrepancies are
possible.

Within the scope of the assessment in this section, the dynamics of forests have two components. First, forest
cover loss, the conversion from forest land cover classes to other land cover classes. Forest loss includes
losses caused by both temporary changes due to human interventions, e.g. forest operations, and natural
disturbances such as fires, storms, pests and diseases, and permanent changes due to e.g. deforestation. The
second component is forest gain that includes the conversion from non-forest cover classes to forest cover
classes. The gain of forest land includes regeneration after forest operations, natural expansion and
afforestation. The last, according to most forest laws in the EU-28, means a permanent change to forest land.

The forest ecosystem extent and change, loss and gain, were calculated for the periods 2000-2006, 2006-
2012, 2012-2018, and 2000-2018 for the EU-28 based on the CLC accounting layers®? available for the
years 2000, 2006, 2012 and 2018. Net changes are accounted for as the difference between forest cover
loss and forest cover gain. The net change is considered a proxy of forest cover dynamics as it describes the
balance resulting from gain and loss. Transitions between the four CLC categories representing forests are not
considered as changes in the present assessment.

According to CLC data, forest are one of the main ecosystems in the EU-28 covering around 1.6 million km? of
the land surface. The extent of forest varies substantially across the EU-28 territory with large differences in
the percentage of forest cover found in different countries.

The changes and trends in forest ecosystems cover are calculated as the cumulated change across the EU-28.
Table 3.3.1 and Figure 3.3.1 show the aggregated values. The relative changes in the extent of forest cover
over the period from 2000 to 2018 are negligible, meaning that the total extent of forest land cover did not
show significant changes in that period. The net change represents the balance of changes, both gains and
losses, caused by human interventions and natural disturbances. Therefore, gains counterbalance losses in the
net change.

Forests experienced turnovers in ecosystem extent in all three periods. Turnover is the sum of forest cover
area loss and forest cover area gain. Turnovers of 5.5%, 8.2% and 6% with respect to the initial forest extent
of each period were found in the 2000-2006, 2006-2012 and 2012-2018, respectively. These turnovers
reflects forest cover dynamics in the EU-28 resulting from e.g. forest management cycles, fellings,
regeneration, as well as disturbances due to e.g. storms and fires. The total turnover for the period 2000 to
2018 is equivalent to 18% of the extent of forest ecosystems.

CLC is a valuable tool for land cover accounting providing data systemically from 1990 to 2018, nevertheless
some discrepancies emerged regarding the forest area provided by National Forest Inventories (NFIs) of EU
MSs. The total area of forests in 2018 as provided by the CLC is in line with the area provided by NFI in 2015.
However, data form NFIs (fact sheet 3.3.203 of forest area) indicate a pronounced increase of forest area
between 1990 and 2015, and between 2000 and 2015 that is not captured in CLC. In fact, according to the
NFlIs the forest area expanded by nearly 130,000 km? over the period 1990-2015 in the EU-28, an area

51 Corine Land Cover (CLC) data represents forest land cover. Land cover is the observed biophysical cover on
the earth's surface and should not be confused with the term land use. Land use shows how people use the
landscape, i.e. for development, agriculture, conservation, forestry, etc. Therefore, cleared forest resulting
from forestry are not represented as forest in land cover data, while these zones are considered forest area in
the statistics of National Forest Inventories as long as their use remains forestry.

>2 https://www.eea.europa.eu/data-and-maps/data/corine-land-cover-accounting-layers
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equivalent to the size of Greece, from 1.48 to 1.61 million km?2. In the period 2000-2015, comparable to the
period 2000-2018 of the CLC data, the net increase was 62,000 km?, in contrast with the 572 km? reported
by CLC data (Table 3.3.1). One reason explaining this discrepancy would be that CLC accounts for forest land
cover, while NFIs represent forest area including areas with young trees and cleared areas resulting from e.q.
forest management or natural disasters. In consequence, cleared forestry areas that do not correspond to the
forest categories of CLC and are therefore not mapped as forests in CLC, are in contrast included as forest
area in NFls statistics. Nevertheless, to investigate the reasons of the discrepancy is beyond the scope of the
present report. The NFIs is the recommended data for forest area assessment and targets within the scope of

this report.

Table 3.3.1. Tier 1 ecosystem extent account of forests for the periods 2000-2006, 2006-2012, 2012-2018,

and 2000-2018 in the EU-28 based on Corine Land Cover accounting. Source: EEA>3,

Area (km? unless otherwise indicated) 2000~ 2006~ 2012~ 2000~

2006 2012 2018 2018
Ecosystem extent (first year of the period) 1,596,961 | 1,597,954 | 1,598,768 1,596,961
Forest loss 43,496 65,007 48,718 142,374
Forest gain 44,489 65,822 47,483 142,946
Net change (gain-loss) 993 815 -1,235 572
Net changes as percentage of initial extent (%) 0.06 0.05 -0.08 0.04
Total turnover of ecosystems extent (loss + gain) 87,985 130,829 96,201 285,348
Total turnover as percentage of initial extent (%) 55 8.2 6.0 179
Stable ecosystem stock 1,553,465 | 1,532,946 | 1,550,050 | 1,454,587
Stable ecosystem stock as percentage of initial stock (%) 97.3 95.9 97.0 91.1
Ecosystem extent (second year of the period) 1,597,954 | 1,598,768 | 1,597,533 1,597,533
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40,000
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W Forest loss to initial ecosystem extent

m Forest gain to initial ecosystem extent
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Net changes to ecosystem extent (gain-loss)

Figure 3.3.1. Trends of forest cover change 2000-2018 in the EU-28. Data source: Corine Land Cover

accounting layers (EEA).

53 https://www.eea.europa.eu/data-and-maps/indicators/ecosystem-coverage-3/assessment
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3.3.3 Data

Forest pressures and condition indicators were identified in the 5th MAES report (MAES, 2018). In this
assessment we collected an array of available data and indicators summarised in Table 3.3.2 for pressures
and in Table 3.3.3 for condition. The tables show the fact sheet number of each indicator, where detailed
information can be accessed regarding the characteristics of the input data and the indicator. In addition, the
tables show information on the unit of measure, the data period and the spatial resolution of the input data
used for creating the indicators.

3.3.4 Drivers and pressures: spatial heterogeneity and change over time

This section shows the results of the assessment of pressures on forest ecosystems. The first part describes
the results at EU-28 level. The second part is an in depth assessment showing examples of selected pressure
indicators. Indicators are reported in fact sheets describing the underlying data and scope of the indicator,
maps of trends, and the values aggregated at EU-28 level. The fact sheets are available as a supplement to
this report.

3.3.4.1 Assessment at the level of EU-28

Forests have evolved historically while experiencing pressures (disturbances) such as fire, drought, storms,
insect and disease outbreaks, human-driven pressures. Therefore, forests are considered resilient systems
able to recover from catastrophic events as long as these occur within natural historic boundaries (Innes and
Tikina 2017). In this section, we report a general overview of the indicators of forest pressures summarised at
the level of either the EU-28 forest land, or the total EU-28 land in the case of cross-cutting indicators. It is
worth noting that an indicator showing a significant trend at EU-28 level should exhibit a rather consistent
change across large parts, or most, of the EU-28 area. This is because the trend at EU-28 level was calculated
using the mean of the corresponding grid cells on each year (see methodology in chapter 2).

Table 3.3.4 shows the results of the assessment of 20 pressure indicators, including five indicators for which
data was not available. In the short term six indicators show negative change resulting in degradation, two no
change, five a positive change resulting in improvement, and eight indicators are not available. Among other
parameters, the table includes a confidence score for each indicator in both the long term and the short term.
In the long term, five indicators show negative change resulting in degradation, five no change, five a positive
change resulting in improvement, and five indicators are not available.

Both in the short term and in the long term, the largest number of indicators suggesting degradation falls
within the category of climate change indicators. In this category, five and four out of seven indicators in the
short and long term, respectively, indicate a path towards degradation. In contrast, in the pollution category,
all three indicators suggest a change towards improvement. Finally, tree cover loss has been increasing
notably in both the long term and short term suggesting the possibility of a degradation path. In this indicator
the loss may be for any reason e.g. wildfires, storms, harvesting, land use change.

Whereas the short-term trend information responds to a policy requirement, the findings derived from the
short-term trend should be considered with caution because of the small number of years, usually 10, used
for its calculation. Many indicators exhibit large variability over time, e.g. climatic indicators, therefore longer
series of more than 30-year would be required for obtaining robust results (WMO 2017). The assessment
using the long-term trend responds to this requirement.
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Table 3.3.2. Forest pressures indicators, units, time-series and spatial resolution of the input data used for creating the indicator. All fact sheets are available as a
supplement to this report.

Pressure Indicator (fact sheet number) Unit Data period Spatial resolution of input
class data?
Habitat Forest cover change (net change) (3.3.101) ha/km? 2000, 2006, 2012, 2018 100 m grid size
conversion and | Tree cover loss (3.3.102) haly 2001-2018 30 m grid size
degradation Forest fragmentation (3.3.103) % (AV-FAD) 2000, 2006, 2012, 2018 100 m grid size
(Clj:\‘/jersion) Forest land take (3.3.104) haly 2000, 2006, 2012, 2018 100 m grid size
Climate change Fires — burnt area (3.3.105) haly éggg_ggi; ZSOCn?lugr]];[i:jysize

Number of fires (3.3.105) Firesly 1980-2017 Country

Effective rainfall (annual) (3.3.111) mm 1960-2016 0.5 degree grid size (~50 km)

Mean annual temperature (4.1.101) °C 1960-2018 0.1 degree grid size (~10 km)

Extreme drought events (4.1.101) 5-year acc. Events 1950-2018 0.25 degree grid size (~25 km)

Soil moisture (soil water deficit) (4.1.101) % 1985-2018 5 km grid size

Drought and heat induced tree mortality (3.3.106) NA NA NA

Storms (N.A) NA NA NA

Effect of drought on forest productivity* (3.3.107) Index 2000-2016 500 m grid size
Pollution and Tropospheric ozone (AOT40) (3.3.108) ppb.hours 2000-2017 7 km x 9 km grid size
nutrient Exceedances of critical loads for acidification (3.3.109) eqg/hay 2000, 2005, 2010, 2016 0.1 degree grid size (~10 km)
enrichment Exceedances of critical loads for eutrophication (3.3.109) eg/hay 2000, 2005, 2010, 2016 0.1 degree grid size (~10 km)
Over- . Ratio of annual fellings to annual increment (3.3.110) % 1990, 2000, 2005, 2010 Country
harvesting

Introductions of
invasive alien
species

Pressure by invasive alien species (4.2.101)

% of affected area

Many years centred in 2010

10 km grid size

Other pressures

Forest pests, parasites, insect infestations

NA

NA

NA

Soil erosion

NA

NA

NA

NA: Data are not available or data are available but still need to be adapted to the ecosystem typology used in this assessment.

* In drought impacted areas only.
! Note that indicators created using input data of less than one kilometre were up-scaled to at least one kilometre grid size, see fact sheets for further details.
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Table 3.3.3. Forest condition indicator, units, time-series and spatial resolution of the input data used for creating the indicator. All fact sheets are available as a

supplement to this report.

Condition class Indicator (fact sheet number) Unit Data period Spatial resolution of input
data?

Environmental quality

(physical and chemical See pressures in Table 3.3.2

quality)

Structural ecosystem Dead wood (3.3.201) Tonnes/ha 1990, 2000, 2005, 2010, 2015 Country

attributes (general) Landscape mosaic (index) (4.3.201) % 2000, 2006, 2012, 2018 100 m grid size
Biomass volume (growing stock) (3.3.202) m3/ha 1990, 2000, 2005, 2010, 2015 Country
Forest area (3.3.203) Million ha 1990, 2000, 2005, 2010, 2015 Country

Defoliation (3.3.204)

Mean % defoliation

1998—2017

Plot level (5496 plots)

Structural ecosystem
attributes based on
species diversity and
abundance

Abundance of common forest birds (3.3.205)

Index (1990=100)

1990-2016

EU, four EU regions

Structural ecosystem Forests covered by Natura 2000 (3.3.206) % 2000, 2006, 2012, 2018 100 m grid size
attributes monitored - -
“nder the EU Nature g);ezzc;;vered by Nationally Designated Areas % 2000, 2006, 2012, 2018 100 m grid size
tj;r?;t;;snand national Share of forest habitats listed under Annex 1
9 of the Habitats Directive in favourable % 2013 - 2018 EU-28
conservation status (3.5.203)
Trends of unfavourable conservation status of
forest habitats listed under Annex 1 of the % 2013 -2018 EU-28
Habitats Directive (3.5.203)
Structural soil attributes | Soil organic carbon in forests % NA NA
Functional ecosystem Dry matter productivity (3.3.208) kg/hay 1999-2018 1 km grid size
attributes (general) Evapotranspiration (3.3.209) mmly 1980-2017 025 degree grid size (~25 km)
Land Productivity Dynamics (NDVI) (3.3.210) Index 1999-2013 1 km grid size
Functional soil Nutrient availability NA NA NA

attributes

NA: Data are not available or data are available but still need to be adapted to the ecosystem typology used in this assessment.
! Note that indicators created using input data of less than one kilometre were up-scaled to at least one kilometre grid size, see fact sheets for further details.
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Table 3.3.4. EU-28 aggregated forest pressures indicators.

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 [3 to 9] score [3 to 9]

Habltat_ Forest cover change (net ha/km? <1 -0 > 7 -0 > 8
conversion change)
and Tree cover loss haly 746,000 735 ¥ 7 26.1 [\ 5
degradation Forest fragmentation
(land (average forest area % 72 0.1 > 7 -0.2 > 8
conversion) density)

Forest land take haly 12,738 -37 N 7 -31 7N 8
Climate Fires — burnt area haly 331,000 462 \7 6 -195 A 8
change Number of fires Fires/y 51,000 -24.7 A 6 53 \ 8

Effective rainfall (annual) mm -32 -56.6 ¥ 6 -38 7 8

Mean annual °C 95 127 \7 7 342 \7 9

temperature

5-year
Extreme drought events acc. 02 67.5 7 7 8.98 7 9
Events
Soil moisture (soil water
. % 135 unresolved -0.35 > 6

deficit)

Drought and heat

. . unresolved unresolved

induced tree mortality

Storms unresolved unresolved

Effect of drought on Index 94.0 9.1 \/ 5 054 > 6

forest productivity
Pollution and | Tropospheric ozone bhours | 19265 31 A 5 o8 A 7
nutrient (AOT40) PP :
enrichment Exceedances of critical

loads for acidification eghay 476 68 0 > 93 0 >

Exceedances of critical

loads for eutrophication eghayy 2518 31 0 > 34 0 >
Over- . Ratio of aljnual fellings % 65 unresolved 51 > 5
harvesting to annual increment
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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 [3 to 9] score [3 to 9]
Introductions | Pressure by invasive alien % of
of invasive species affected 44 unresolved unresolved
alien species area
Other Forest pests, parasites,
. : : unresolved unresolved
pressures insect infestations
Soil erosion unresolved unresolved

A\: Significant improvement (significant downward trend of pressure indicator)
=>»: No change (the change is not significantly different from 0% per decade)
V: Significant degradation (significant upward trend of pressure indicator)
Unresolved: 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

* In drought impacted areas only
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3.3.4.2 In-depth assessment

The most relevant pressures in EU-28 forests are related to climate and habitat conversion, where all
indicators with trends towards degradation were found. Climate change may affect forest disturbance
regimes directly, indirectly and via interaction effects (Lambers 2015; Seidl et al. 2017). For instance, warmer
and drier conditions tend to facilitate wildfires, drought, and insect disturbances, while warmer and wetter
conditions may increase the risk of wind and pathogens. Chapter 4.1 on bioclimatic indicators offers a
comprehensive picture of significant changes in 15 indicators. In the present chapter we used a selected
number of bioclimatic indicators that were included in the climate change category of Table 3.3.4. Effective
rainfall (fact sheet 3.3.111), annual mean temperature (fact sheet 4.1.101) and extreme drought events (fact
sheet 4.1.101) exhibited significant trends toward conditions favouring forest degradation in both the long
term and short term. Additionally, wildfires (fact sheet 3.3.105) and the effect of drought on forest
productivity (fact sheet 3.3.107) exhibited significant trends towards degradation in one of the two periods
assessed. The indicator of burnt area (that covers the Mediterranean area) shows a downward long-term
trend. In contrast, the short term-trend exhibits an upward direction. The short term-trend should be assessed
with caution due to the limited number of years used in its calculation. However, evidence indicates that
anthropogenic climate change is increasing fire danger across large parts of the EU (de Rigo et al. 2017). This
is an aspect deserving close attention in view of the potential harmful effects of fires under warmer
conditions.

Despite information on the trends at EU-28 level are useful instruments for assessment, strong spatial
variability is common in the indicators. We use effective rainfall as an example for describing the spatial
variability of the indicators; however, we suggest referring to the indicator fact sheets for a more
comprehensive view. Effective rainfall is the difference between mean annual precipitation and mean annual
potential evapotranspiration (PET) (Archibald et al. 2013; Santhi et al. 2008; Wolock et al. 2004). It is
considered an index of plant productivity, where values below zero indicate that evaporative demands
exceeds precipitation and values above zero that precipitation exceeds evaporative demands. Therefore,
effective rainfall is a quantitative indicator of the degree of water deficiency at a given location. Despite a
significant trend was found at EU-28 level (Figure 3.3.2), strong spatial variations exists as shown in Figure
3.3.3. The map shows areas where significant changes in effective rainfall have occurred. Changes below 0
mm/decade indicate a drying climate and changes above O mm/decade a wetter climate. Within the
Mediterranean biogeographical region large areas of the Iberian Peninsula, France, Italy, major Mediterranean
islands and the Balkans, exhibit a downward trend of effective rainfall. Additionally, other regions beyond the
Mediterranean such as zones of Belgium, Germany, Poland, Czech Republic, Hungary, Bulgaria, and Romania
also exhibit downward significant trends. In these zones, an increasing climatic water deficit indicates
evaporative demands not met by precipitation. In contrast, some zones of northern Europe show a significant
upward trend of effective rainfall, for instance, parts of Sweden, Finland, and North Britain. In these areas, an
upward wetter trend prevails.
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Figure 3.3.2. Trend of annual effective rainfall 1960-2016 in the EU-28. Trend line computed using the
Theil-Sen non-parametric estimator. Downward trend (-1.2 mm/y) significant at 5% according to Mann-
Kendall trend test. Data source: see Figure 3.3.3.
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Figure 3.3.3. Trends in annual effective rainfall 1960-2016 in the EU-28 (significant at the 5% level
according to the Mann-Kendall test). Light grey: outside area of interest. Data source: PET, University of East
Anglia Climatic Research Unit (CRU) Time-Series (TS) (1901-2016) version 4.01 gridded monthly data at 0.5
degree (~43 km at 40° N) spatial resolution (Harris et al. 2014). Precipitation: Full Data Monthly Product
Version 2018 provided by the Global Precipitation Climatology Centre (GPCC) of the Deutscher Wetterdienst
(DWD) (Schneider et al. 2018; Schneider et al. 2017).

Changes in climatic parameters suggest changes in disturbance dynamics. However, there is an incomplete
knowledge of the effects in these dynamics (Seidl et al. 2017). When the magnitude and frequency of
pressures shift beyond background (historical) conditions, forest systems enter in a declining state
(degradation) and their functional capacity is reduced. Pressures may occur concomitantly in time and space
exhibiting many interactions. Therefore, their effects in forests are not independent, on the contrary, they
interact producing non-linear feedbacks with the forest system and its functions (Carpenter et al. 2009;
Lausch et al. 2016; Trumbore et al. 2015). For instance, long-term changes in the frequency, duration and
severity of drought and heat stress could alter the composition, structure and function of forest ecosystems
(Lindner et al. 2010; Seidl et al. 2017; Urban et al. 2012). Indeed, documented evidence of drought and heat
induced forest mortality in Europe accounted for around 300 tree/stand mortality occurrences in the period
1970-2017 (Caudullo and Barredo 2019) (fact sheet 3.3.106).

Regarding the indicators of habitat conversion and degradation, tree cover loss increased by 26% per decade
in the period 2001-2012, and by 74% per decade in 2009-2018. The aim of this indicator is to assess the
spatial distribution and temporal trends of tree cover loss in the EU-28 forest area using observational data
acquired by remotely sensed imagery at 30 m spatial resolution. Despite the assessed period is short to
formulate more robust conclusions, the increase of this pressure may affect the condition of forest
ecosystems in the EU-28 (fact sheet 3.3.102). An upward trend of tree cover loss could leads to reductions of
the delivery of important ecosystem services, including habitat for biodiversity, climate regulation, carbon
storage, and water supplies (Hansen et al. 2013). The information provided by the indicator of tree cover loss
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is complementary to the information provided by the indicator of forest cover change (net change). Forest
cover change (net change) describes the balance between forest gain and loss departing from CLC data that
have a spatial resolution of 25 ha, i.e. the equivalent of a square of 500 m x 500 m. Therefore, the forest
dynamics represented in this indicator are coarser than the information of tree cover loss that was created
using data at 30 m x 30 m spatial resolution. In other words, many local level changes captured in the tree
cover loss indicator might be underrepresented in the forest cover change indicator. The assessment of tree
cover loss using trends at grid cell level shows areas where this pressure is increasing (i.e. significant upward
trends) across the EU-28. These areas were equivalent to around 25% of the EU-28 forest area in the period
2001-2012.

Forest land take by urban and other artificial land development is marginal if compare with the extent of
forest in the EU-28. The pressure from land take on forest decreased from 80,331 ha in 2000-2006 to
54,070 ha in 2012-2018 (by 469%). Therefore, a downward trend is observed in both the long and short-term
periods. However, forest land take continues to occur, though at a slower rate (fact sheet 3.3.104).

Notable progress has been achieved in limiting pollutants and nutrient enrichment in EU-28 ecosystems.
Trends of critical loads exceedance and the area exceeded for acidification and eutrophication in EU-28
forests indicate a decrease from 2000 onwards (Table 3.3.4). The trends point in the right direction, however
more efforts are needed in terms of emissions reductions to reach non-exceedance of critical loads in
European forests and other ecosystems. For instance, in 2016, 30% and 74% of the EU-28 forests area was
exceeded for acidification and eutrophication, respectively. A similar situation exists for tropospheric ozone.
The greatest part of Europe is characterised by downward trends of tropospheric ozone (AOT40) exposure.
However, in 2017 around 72% of the EU-28 forest area was exposed to AOT40 levels above the critical value
of 5,000 ppb.hours (note high uncertainty in the modelling approach that may lead to bias in the computation
of the area exposed) (fact sheet 3.3.109).

Capturing changes in forest fragmentation in large areas is constrained by the local character of this
pressure. Indeed, the EU-28 level trends indicate no change in both the short term and long term. However,
local changes of this indicator have been assessed in the maps available in the fact sheet 3.3.103.

Information on trends of invasive alien species®* (IAS) of Union Concern in forests is not available. However,
the assessment using data from EASIN® indicates that IAS are present in around 449% of EU-28 forests (see
fact sheet 4.2.101 on IAS and chapter 4.2).

3.3.5 Ecosystem condition: spatial heterogeneity and change over time

This section shows the results of the assessment of forest condition indicators. The first part describes the
results at EU-28 level. The second part is an in depth assessment showing examples of selected condition
indicators. Indicators are fully described in the fact sheets.

3351 Assessment at the level of EU-28

Table 3.3.5 contains 15 condition indicators, however trends of forest condition were calculated for 11
indicators of different types, i.e. excluding no data indicators, and “change in unfavourable conservation status
of forest habitats” and “share of forest habitats listed under Annex 1 of the Habitats Directive in favourable
conservation” that were built using a different method. In the short-term trend, five indicators show
improvement and four no change. While in the long-term trend five indicators indicate improvement, four
show no change and two degradation.

The condition of forests is the result of a multiplicity of pressures and drivers of forest change. However,
attributing direct causal-effect relationships between forest pressures and condition is challenging due to
several reasons (Carpenter et al. 2009; MA 2005). First, pressures can be the result of many interrelated
factors such as drought and insect pests, or fragmentation and water cycling. In most cases, there is not a
simple causal chain between pressures and forest condition; on the contrary, pressures are often interrelated
by complex feedbacks with ecosystems. Second, pressures occur at different temporal and spatial scales,
from sub-daily to seasonal or multi-annual, and from single-tree to stand/patch or landscape scale. Finally,
pressures can adopt different configurations depending on range, scope, duration, intensity, continuity,
dominance, and overlap. It is not the focus of this assessment to establish causal relationships between the
pressures of Table 3.3.4 and the condition indicators of Table 3.3.5.

>4 https://ec.europa.eu/environment/nature/invasivealien/index en.htm

55 https://easin jrc.ec.europa.eu/easin
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Structural indicators suggest improvement of forest condition in three out of five indicators. However,
defoliation (fact sheet 3.3.204), a key parameter of forest condition, shows a degrading long-term trend, a
point to which we shall return in the next section. Regarding the other types of indicators, it is important to
mention the not significant 3% decrease in the long-term trend of the abundance of common forest birds
(fact sheet 3.3.205) resulting in stability. A situation that seems to be improving in the last few years. The
trends in the short term should be seen with caution because of the small number of years used for its
calculation.

Two indicators are directly derived from the Art. 17 reporting on the conservation status of habitats under the
Habitats Directive: the share of forest habitats in a favourable conservation status and the trends in
conservation status of forest habitats that are in an unfavourable status (poor and bad). The total area of
forests that is covered under Annex 1 of the Habitats Directive is 492,735 km? (See chapter 2, Table 2.2). This
corresponds to 28% of the total extent of forest in the EU-28. The EU level assessment of the conservation
status of 81 forest habitats concluded that 14.2% are in good (or favourable) conservation status. The
remaining habitats are in poor status (53.9%), in bad status (30.6%) or unknown (1.3%) (State of Nature
report for the period 2013-2018, forthcoming). Only 13.1% of the forest habitats that is in an unfavourable
status is showing improving trends (Table 3.3.5).
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Table 3.3.5. EU-28 aggregated forest condition indicators.

Condition class | Indicator Unit Baseline Short- Short- Short- Long-term | Long-term Long-
value term term term trend (% trend term
(2010) trend (% trend trend per (change) trend
per (change) | confidenc decade) confiden
decade) e score [3 ce score
to 9] [3 to 9]
Environmental See pressures in Table 3.3.4.
quality (physical
and chemical
quality)
Structural Dead wood Tonnes/ha 4.09 10.3 A 6 183 A 6
eifggs:em Landscape mosaic (index) % 4312 0.02 > 7 0.34 -> 8
attributes
(general) Biomass volume (growing stock) m>/ha 200 10 ) 6 10 A 7
Forest area Million ha 159.24 2.1 N 6 33 N 7
0]
Defoliation Me;n ./0 ~20 unresolved 34—16.5 \Z 8
defoliation
Structural
ecosystem
attributes based | Abundance of common forest Index
on species birds (1990=100) o4 112 0 6 3 > 7
diversity and
abundance
Structural Forests covered by Natura 2000 % 228 -03 > 8 -0.1 > 8
ecosystem Forest covered by Nationally
. (o)
attributes Designated Areas o 212 001 i 8 0 2 8
monitored under  "gpare of forest habitats listed
the EU Nature under Annex 1 of the Habitats o 14
directives and Directive in favourable ° '
lnat.loln?l conservation status*
egislation X -
Trends in unfavourable % improving 151 0
conservation status of forest % stable 422 >
habitats listed under Annex 1 of % deteriorating 256 N\
the Habitats Directive® % unknown 19.1 unresolved

132




Condition class | Indicator Unit Baseline Short- Short- Short- Long-term | Long-term Long-
value term term term trend (% trend term
(2010) trend (% trend trend per (change) trend
per (change) | confidenc decade) confiden
decade) e score [3 ce score
to 9] [3 to 9]
Structural soil Soil organic carbon in forests
. % unresolved unresolved
attributes
Functional Dry matter productivity kg/ha y 11,829 11.1 ) 7 83 7N 8
ecosystem Evapotranspiration mm/y 482 -2 > 5 17 v 7
attributes — -
Land Productivity Dynamics
(general) Index unresolved AN 6
(NDVI)
Functional soil Nutrient availability
unresolved unresolved

attributes

A\: Significant improvement (significant upward trend of condition indicator); =: No change (the change is not significantly different from 0% per decade); W: Significant
degradation (significant downward trend of condition indicator); Unresolved: 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
* The indicators on forest habitat conservation status have been treated differently than the other indicators with a different baseline year and different time period
(2013-2018); so the percent change is expressed for a period of 6 years instead of 10 as for the other indicators. The trends in conservation status are only available for

forest habitats in an unfavourable conservation status. Please check chapter 2 for details.
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3.3.5.2 In-depth assessment

Structural indicators such as forest area, biomass volume and amount of deadwood show improvement
trends in both periods. Forests®® in the EU-28 expanded by nearly 13 million hectares over the last 25 years,
an area equivalent to the size of Greece, from 148 to 161 million hectares (fact sheet 3.3.203). The forest
expansion is the net balance of afforestation, natural forest expansion, regeneration and deforestation
(FOREST EUROPE 2015b). The increase is equivalent to 520,000 ha (0.35%) per year. The rate of increase in
forest area was higher in the first decade (1990-2000) than in the 2000-2015 period, around 680,000 haly
versus 410,000 haly. This indicates that forest area continues to increase but at a lower rate than in the first
sub-period. However, this increase is not evidenced in forest land cover data from CLC. The possible reason of
this discrepancy is mentioned above.

Biomass volume (growing stock per unit area) shows improving trends in both periods (fact sheet 3.3.202).
Growing stock represents the living tree component of the standing volume. This indicator is a fundamental
parameter of forest inventories and is considered a proxy for biodiversity (FOREST EUROPE 2015b). Also dry
matter productivity and land productivity dynamics, both functional attributes indicators (fact sheets 3.3.208
and 3.3.210), suggest upward trends. In fact, ecosystem productivity is a key ecological parameter considered
to be at the core of numerous ecological processes including decomposition, biomass production, nutrient
cycling, and fluxes of nutrients and energy (Running 2012). In consequence, upward trends in productivity
have important implications on ecosystem services such as carbon sequestration and storage, biodiversity,
water supply, erosion control, recreation and provisioning services. Drivers behind the upward trend of dry
matter productivity are warmer temperatures, lengthening of the growing season, the CO, fertilisation effect
and management.

Dead wood, another important proxy for biodiversity, exhibits improving trends in both periods (Table 3.3.5)
(fact sheet 3.3.201). Dead wood is an important trait of forest ecosystems representing the substrate for a
large number of animal and plant species (FOREST EUROPE 2015b). For example, a conservative estimate for
the total number of species dependent on deadwood habitats is around 20-25% of all forest species in the
Nordic countries (mainly fungi and invertebrates)(Siitone, 2001). Large amounts of deadwood are favourable
to certain forest species. For instance, fungi, mosses or insects in forest are closely dependent on the
presence of dead wood or very specifi