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Abstract

As almost three out of four EU citizens live in urban areas and this number is expected to
further grow, studies on urban ecosystems and their services are crucial to understand a city’s
environmental structure and capabilities. The European Commission has published a relative
report which suggests an urban ecosystem condition indicator framework, yet without
suggesting respective thresholds that might indicate a “desired” environmental condition of
the city. The European Commission’s report also points up that the relation between the
ecosystem condition and the ecosystem services still needs scientific underpinning. The
current study estimates 8 (eight) of the suggested by the European Commission, urban
ecosystem condition indicators, for 305 EU cities, suggests relative thresholds in Urban and
Metropolitan spatial scales and explores their relation to ES and the Urban Heat Island effect.
Furthermore, the intermediate zone is studied to assess its contribution to the overall GI and
by extension the ecosystem services provided. The estimation of the indicators was mainly
based on the processing of land use spatial data of 305 EU cities with population more than
100.000 inhabitants through the application of G.I.S. The assessment of the relative
thresholds is based on the method of simple averaging of each estimated indicator values for
territories in EU, defined on a case-by-case basis in relation to precipitation and temperature
patterns through a cluster analysis. The estimated ecosystem condition indicators and
respective thresholds have been visually and numerically juxtaposed to two (2) ecosystem
service indicators and the Urban Heat Island effect to examine their relation. The study found
a relation between the majority of the studied ecosystem condition indicators and the
examined ecosystem services and the Urban Heat Island effect either at the one or at both
the examined spatial levels. The study also found a significant differentiation between the
examined indicators at urban and metropolitan scale while the intermediate zone that lies in
between the two spatial levels presents a considerable contribution to the overall GI and by
extension the provided ES, fact that is to be considered when implementing climate
adaptation strategies. Another outcome of the study is the revealing of a significant
differentiation of the indicator values between the northern and the southern EU countries
and the provision of evidence about the imprint that the national urban planning policies may
have an on the urban ecosystem condition indicators. The results of the current study are
expected to work as an aiding tool of policies and planning purposes that seek to ensure
urban resilience and climate adaptation.
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1. Introduction

According to the United Nations (2014), humanity is increasingly urbanizing and it is
expected that by 2050, more than 60% of the world population will live in cities. This
urbanization trend in combination with the scarcity of land within cities, creates pressure for
an uncontrolled expansion outside the city cores, driven by price rather than environmental
considerations (European Commission, 2011a). An expansion like that would inevitably
transform the land use types of the cities’ surrounding areas which might lead to a change in
the structure and function of the Ecosystem Services (ES) provided (Zhang et al., 2015).
These facts highlight the need for further investigation of the living conditions within the
city cores and their surroundings which heavily depend on the condition of the respective
urban ecosystems and their services. The interrelation of an urban ecosystem and the quality
of the living conditions has been pointed out by Bolund et. al (1999), according to whom
“the natural urban ecosystems may contribute to public health and increase the quality of-
life of urban citizens”.

Bai and Schandl (2010), define an urban ecosystem as “a hybrid of natural and man-made
elements, whose interactions are affected not only by the natural environment, but also by
human culture, personal behavior, politics, economics and social organization”. In the case
of the urban ecosystems the “natural” and “man-made” elements correspond to the urban
Green Infrastructure (GI) and the Built Infrastructure respectively. According to the
European Commission (2013a), GI can be broadly defined as a strategically planned network
of high quality natural and semi-natural areas with other environmental features, which is
designed and managed to deliver a wide range of Ecosystem Services and protect
biodiversity in both rural and urban settings. On the other hand, the Built Infrastructure is
composed of mainly artificial elements such as buildings, roads and pavements, bridges as
well as brown fields or dumping and construction sites.

The quality of the living conditions within an urban area depends on the quality of an
urban ecosystem and its services i.e. the benefits to the human populations that derive from
the ecosystem itself (Bolund et al.,1999). The ES according to “The Economics of ES and
Biodiversity initiative” (TEEB, 2010) can be grouped in four major categories: provisioning,
regulating, habitat, and cultural and amenity services. Each category consists of several
benefits that are provided to the urban ecosystem: food, fresh water and wood are considered
as provisioning services; climate regulation, water purification, pollination and erosion
control are considered as regulating services; tourism, recreation, appreciation and
spirituality are considered as cultural and amenity services; habitat for species and
maintenance of the genetic diversity are considered as supporting and habitat services.

A significant factor that is related to urban Ecosystems’ Condition (EC) and their services
is climate change. Climate change is increasing the frequency and intensity of environmental
extremes, and cities and their surroundings experience different degrees of warming (Maes
etal., 2016). Projections of climate change show an increasing frequency of extreme weather
and climate events (IPCC,2014) which coupled with the Urban Heat Island (UHI) are likely
to amplify the challenges of an urban growth (Gunawardena et al., 2017). In the case of the
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urban environments, it is important to focus on the creative use of the GI as it is one of the
most promising opportunities for climate adaptation and this fact needs to be recognized in
the planning process (Gill et al., 2007).

The European Commission has acknowledged the need for mapping and assessment the
urban ecosystems’ condition and their services as matter of significance as it is estimated
that almost three out of four EU citizens live in urban areas and this number will further
grow (Maes et al., 2016). That is why the 4™ Mapping and Assessment of Urban Ecosystems
(MAES) report (Maes et al., 2016) of the European Commission, exclusively deals with the
urban ecosystems and provides some guidelines for their mapping and assessment. These
guidelines are more specified through a suggested indicator framework that is expected to
be implemented at a local, metropolitan and regional level as a support of policies and
planning purposes (Maes et al., 2016). The 4" MAES report suggests three types of
indicators: pressure indicators, Ecosystem Condition Indicators (ECI) and indicators for
measuring urban biodiversity. Concerning the ECI, the 4th MAES report proposes that
“urban ecosystem condition could be assessed along the gradient from built infrastructure to
green infrastructure”. However, as mentioned in the same report, reference conditions,
baselines or target situations are not defined for the suggested ECI. The report suggests that
there are three approaches on defining a reference condition of an urban ecosystem: taking
into account existing policy targets, taking into account new policy targets and ambitions or
scientifically analyze indicators and their associated data to define empirically derived
thresholds and reference levels. The latter approach is the one that the current study adopts
as its basis. Furthermore, the 4" MAES report states that the relation between ES and EC
needs more scientific underpinning.

The objective of the current study is the estimation of eight (8) ECI for 305 European
cities, the assessment of relative thresholds for each ECI and the exploration of their relation
to ES Indicators (ESI) and the UHI effect through the analysis of spatial data in two spatial
levels: Larger Urban Zone (LUZ) and city core. Furthermore, the intermediate zone in
between the LUZ and the city core is studied to detect the differences between these two
areas concerning the ECI.

The main aim of the current study is to extort information relative to the current condition
of the urban ecosystems in EU that might be used as an aiding tool of policies and planning
purposes which seek to ensure urban resilience and climate adaptation.

The main research questions that the study will attempt to answer, could be
deconstructed as follows: “What are the thresholds that might indicate a desired balance
between the green and build infrastructure of a city, according to certain ECI that have been
suggested by the 4™ MAES report and to what extent are they related to ESI?”, “What is the
contribution of the city core and its surroundings to the overall GI?” and ““ Do the indicators’
values present any spatial patterns towards the EU cities and where they may be attributed
to?”

The ECI that will be studied are the following:

1. Proportion of urban green space (%)

2. Proportion of impervious surface (%)



Proportion of natural area (%)
Proportion of protected area (%)
Proportion of agricultural area (%)
Proportion of abandoned area (%)
Number of inhabitants per area (number/ ha)
Artificial area per inhabitant (m?/person)
The ESI whose relation to the afore mentioned ECI will be studied are the following:
1. Removal of NO; by urban vegetation (Tons/ha*year)
2. Recreation Opportunity Spectrum (ROS) (ROS classes)
3. UHI(°C)
The study will be developed in the context of the assessment of urban ecosystems as “it
is important that the ES in urban areas and the ecosystems that provide them are understood
and valued by city planners and political decision makers” (Bolund et al.,1999).
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2. Background

The eight (8) ECI that will be analyzed by the current study were suggested by the 4™
MAES report (Maes et al., 2016) which involved an indicator framework for the EC that
contains 26 indicators in total. The selection of the indicators by the 4" MAES report was
based on the results of the survey and a literature survey reported in a report of the Joint
Research Centre! (Rocha et al., 2015). The two basic procedures of this survey may be
briefly described as follows:

e Online survey: it has been addressed to researchers and stakeholders and involved policy
and mapping related questions. More specifically, the mapping questions were related to
the condition of the natural state of urban ecosystems, to the specific features of urban
GI, as well as to the ES that are delivered by the urban ecosystems (Rocha et al. 2015)

o Literature review: the desired information has been collected by published, strictly
scientific articles that focus on urban ecosystems and their services. The data that finally
derived from the literature review were relative to the urban GI (type of urban GI,
indicators, units of measure), to the EC (urban ecosystem typology, indicators, output
types) and to the ES (type of the ES, indicators, output types, units of measure, primary
source) (Rocha et al. 2015).

The final selection of the indicators, as reported by the 4th MAES report (Maes et al.,
2016), was based on the results of the above-mentioned surveys, on ten case studies of cities
that documented what policies related to urban ecosystems and urban GI are in place and
how maps of biodiversity, EC and ES are used as well as on an expert workshop where three
key issues were discussed: policies related to urban GI; concepts and indicators related to
the condition of urban ecosystem and their services. A similar procedure that led to the
suggestion of 40 ESI was followed by the 4" MAES report (Maes et al., 2016).

Concerning the ES, the need to protect and enhance the benefits they provide to urban
ecosystems has been flagged by Target 2 of the EU Biodiversity Strategy to 2020 (European
Commission, 2015). Furthermore, the Millennium Ecosystem Assessment reports have
provided scientific evidence about the degradation of several ES. More specifically, it has
been noted that at the global scale, 15 out of 24 examined ES were being degraded and/or
used unsustainably including fresh water, capture fisheries, air and water purification, and
regulation of regional and local climate (Millennium Ecosystem Assessment, 2005). The
inter-relation between the ES and the EC has been appointed by the Millennium Ecosystem
Assessment program (2005), which has defined EC as “the capacity to provide ES™ i.e. it is
assumed that there is a positive relation between EC and ES. However, it should be noted
that the 4™ MAES report points out that the afore-mentioned positive relation between ES
and EC still needs more scientific underpinning.

Concerning the UHI effect that the current study will discuss through a juxtaposition with
the ECI thresholds, its relation to the urban land uses (and by extension to the urban EC) has

! The Joint Research Centre (JRC) is the European Commission's science and knowledge service which employs scientists
to carry out research in order to provide independent scientific advice and support to EU policy.
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been a subject of several studies (e.g. Stone and Norman, 2007; Alobaydi et al., 2016).
According to Stone and Norman (2007), “it is important that landuse planners have a more
complete understanding of the role of land use policies in heat island formation™.

The decision about the type of the correlation (positive or negative) that the ECI share
with the ES is based on scientific literature that the current study consulted. Concerning the
ECI which are relative to GI (e.g. proportion of urban green space), the correlation with the
examined E is considered as positive, based on the results of the PEER report (Maes et al.
2012) which indicate that policy measures related to the enrichment of GI in urban areas are
expected to enhance the provision of ES relative to climate regulation (e.g. UHI reduction),
air purification (e.g. NO; removal by urban vegetation), recreation (e.g. ROS) and other. On
the basis of the same report the “Proportion of abandoned area” and the “Proportion of
protected area” ECI are regarded as positively correlated to the under-study ES as the first
one may represent a potential of a city to obtain more GI and the second one is regarded as
the core of European GI (European Union, 2013b). Conversely, the “Proportion of
impervious surface” ECI’s correlation with the ES is regarded as negative, especially when
it comes to climate regulation, as impervious surfaces consisted of brick, concrete, asphalt
stone and similar surfaces met in urban areas may intensify the UHI effect (Solecki et
al.,2005). On the other hand, but for the same reasons, the “Artificial area per inhabitant”
ECI is considered to share a positive correlation to the ES as it expresses the land use
intensity and a high land use intensity refers to a small amount of artificial surface per
inhabitant, being mainly the result of very compact settlement structures and high population
density (Prokop et al., 2011).

Concerning the “Number of inhabitants per area” ECI, its correlation to the under-study
ES is considered as negative as the according to Lamsal et al. (2013), the highest levels of
NO; are found in heavily populated areas and concerning the UHI, a significantly positive
correlation between the population and warming rate of average air temperature has been
found by Huang and Lu (2015). As regards the ROS and the “Number of inhabitants per
area” ECI, their correlation is considered as negative because the capability of the resource
base to continue to provide for recreational use is generally viewed through the concept of
“carrying capacity"(Papageorgiou and Brotherton, 1999) which is in the maximum number
of people that can be sustainably supported by the recreation resource. Conclusively, when
the population of a city grows, the quality of the offered recreational opportunities may
present decrease if appropriate measures are not taken. Furthermore, a higher population
density, in general, indicates a higher land development intensity (Liu et al.,2012) fact that
may lead to a degradation of the GI that could be utilized for recreational purposes.



3. Input Data for Europe

The potentiality for the estimation of the ECI and their relative thresholds is provided by
the existence of spatial datasets that involve data relative to land uses, population,
environmentally protected areas, ES as well as climate data. In the current chapter are
presented the data sources that are used to perform the analysis that will lead to the estimation
of the ECI for each of the 305 EU cities with population larger than 100,000 inhabitants, to
the assessment of relative thresholds and to the exploration of their relation to ES as well as
the background of these data (7able I).



Table 1: Summary table, general characteristics of the datasets that have been utilized by the current study. The data exclusively derive from internet sources
and are spatial data in raster or polygon form. The factors that have been taken into account in the data selection procedure, have been the temporal and
spatial scale of the data as well as the reliability and credibility of the data providers.

Content Type Format units Scale or Publication Internet Source
yp Resolution date (last date accessed 15/09/2017)

Land use data for .

LUz Polygon  shapefile m? 1: 10,000 2014 http://www.eea.europa.eu/data-and-maps/data/urban-atlas

FUA, Ker-nels, cores Polygon  shapefile m2 1: 100,000 2010 http://ec.§u.ropa..eu/eu.rostat/.wgb/glscg/geodata/reference-

boundaries data/administrative-units-statistical-units/urban-audit
http://www.eea.europa.eu/data-and-maps/data/natura-7#tab-gis-

“Natura 2000” Polygon  shapefile m? 1: 100,000 2015 data

Population Density Raster arid.GeoTiff habitants/km?  100m. x 100m. 2009 https.://W.WW.eea.europa..eu/da.ta-and-maps/data/DODulatlon.
density-disaggregated-with-corine-land-cover-2000-2

NO2 Removal Raster grid.GeoTiff Tons/ha*year  100m. x 100m. 2010 http://esp-mapping.net/Home/

Recreation ROS classes

Opportunity Raster grid.GeoTiff (1-9) 100m. x 100m. 2010 http://esp-mapping.net/Home/

Spectrum (ROS)
http://sedac.ciesin.columbia.edu/data/set/sdei-global-uhi-

Global Urban Heat Polygon  shapefile oc - 2016 2013/data-download

Island (UHI) ve P

Daily Precipitation . 0.25x0.25 )

sum (1995-2016) Raster grid mm. deg. 2017 http://www.ecad.eu/download/ensembles/downloadchunks.php

Daily mean 0.25 x 0.25

Temperature (1995-  Raster grid oc d.eg ’ 2017 http://www.ecad.eu/download/ensembles/downloadchunks.php

2016)



http://www.eea.europa.eu/data-and-maps/data/urban-atlas
http://ec.europa.eu/eurostat/web/gisco/geodata/reference-data/administrative-units-statistical-units/urban-audit
http://ec.europa.eu/eurostat/web/gisco/geodata/reference-data/administrative-units-statistical-units/urban-audit
http://www.eea.europa.eu/data-and-maps/data/natura-7#tab-gis-data
http://www.eea.europa.eu/data-and-maps/data/natura-7#tab-gis-data
http://esp-mapping.net/Home/
http://esp-mapping.net/Home/
http://sedac.ciesin.columbia.edu/data/set/sdei-global-uhi-2013/data-download
http://sedac.ciesin.columbia.edu/data/set/sdei-global-uhi-2013/data-download

3.1. Urban Audit

The dataset involves the boundaries of city cores, city Kernels and Functional Urban
Areas (FUA) as defined by the EC-OECD (Figure 1). In general terms, the EC-OECD city
definition is based on the presence of an “urban center” which is a spatial concept based on
high-density population grid cells. The city Kernel is a concept introduced to improve
comparability between large cities and the FUA consists of the city and its commuting zone.
A commuting zone contains the surrounding travel-to-work areas of a city where at least 15
% of their employed residents are working within. Finally, the Urban Audit definition
concerning the LUZ is based on commuter flows, thus approximating the FUA. Geometry
was derived from Eurogeographics EuroBoundaryMap? (EBM) versions 6 and 6.2. The
coverage is the EU-28 plus Iceland, Norway and Switzerland.

The “Urban Audit” dataset was used by the current study to identify city boundaries at
the level of city cores and city kernels in order to estimate the ECI and ESI in the urban
scale. Furthermore, the area of the cores and kernels was used for the estimation of the
“Number of inhabitants per area” ECI.

(2) (b)_

- Core - Core
o 10 20 Km [Jrua o 10 20 KN CJuz

Figure 1 (a): The Functional Urban Area (FUA) which corresponds to the city and its commuting zone, Larger Urban
Zone (LUZ) which corresponds to administrative boundaries that approximate the functional urban region and
core borders which correspond to the core area of the FUA for the city of Toulouse (France), overlaid by each other.
(b) The LUZ, Kernel (an approximation of the built-up area around the core city) and core borders of the city

of Copenhagen (Denmark) overlaid by each other. In the case of Copenhagen, the FUA and LUZ borders coincide.

3.2. Urban Atlas

The primary data that the current study uses to estimate the ECI derive from the “Urban
Atlas” data source of the Environmental Agency (EEA) and concern the land uses for LUZ
with more than 100.000 inhabitants (305 cities) as defined by the Urban Audit (Figure 2).

2 http://www.eurogeographics.org/products-and-services/euroboundarymap
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According to the “Urban Atlas” Mapping Guide (European Comission,2011b) the product
contains information that has mainly derived from data backed by other reference data, such
as Commercial-off-the-Shelf (COTS) navigation data and topographic maps. As the current
study utilizes the different Urban Atlas land use classes to estimate the ECI, it has been
considered as purposeful to present them in detail (7able 2). The ECI which will directly
derive from the “Urban Atlas” dataset are the following: Proportion of urban green space,
Proportion of natural area, Proportion of impervious surface, Proportion of agricultural area.

The “Urban Atlas” dataset is a significant source of urban land use data. The dataset has
been developed to fill a gap in the knowledge about the land uses of the European cities and
to facilitate a policy-making that would be more evidence-based by enhancing the
comparison of landuse patterns amongst major European cities. The “Urban Atlas” service
offers high-resolution pan-European comparable land use and land cover data adapted to
European needs.

0 10 20 40 km.

N | . | J : :
- 11100: Continuous Urban fabric (S.L. > 80%) - 12210: Fast transit roads and associated land
I 11210: Discontinuous Dense Urban Fabric (S.L.: 50% - 80%) 12220: Other roads and associated land
- 11220: Discontinuous Medium Density Urban Fabric (S.L.: 30% - 50%) - 12230: Railways and associated land
‘ | 11230: Discontinuous Low Density Urban Fabric (S.L.: 10% - 30%) 12300: Port areas

11240: Discentinuous very low density urban fabric (S.L. < 10%) 12400: Airports
- 11300: Isolated Structures - 13100: Mineral extraction and dump sites
- 12100: Industrial, commercial, public, military and private units 13300: Construction sites
- 13400: Land without current use - 30000: Forests and semi-natural areas
14100: Green urban areas 40000: Wetlands
14200: Sports and leisure facilities - 50000: Water

20000: Agricultural Areas

Figure 2: The city of Wien (Austria) composed of the “Urban Atlas” dataset land uses within the outline of the
Larger Urban Zone (LUZ) which corresponds to the administrative boundaries that approximate the functional
urban region. The right picture presents a zoomed (20x) section of the city center.
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Table 2: The codes and corresponding nomenclature that are used by the Urban Atlas dataset of the EEA and
represent the different land use classes recorded within Larger Urban Zones (administrative boundaries that
approximate the functional urban region). The land use areas will be the basis for the estimation of the ECI.
(in bold: classes without any further subdivision)

Urban Vector Data Nomenclature

Atlas No. Code

1 Artificial surfaces

1.1 Urban Fabric

1.1.1 11100 Continuous Urban Fabric (S.L. > 80%)

1.1.2 11200 Discontinuous Urban Fabric (S.L. 10% - 80%)

1.1.2.1 11210 Discontinuous Dense Urban Fabric (S.L. 50% - 80%)
1.1.2.2 11220 Discontinuous Medium Density Urban Fabric (S.L. 30% - 50%)
1.1.23 11230 Discontinuous Low Density Urban Fabric (S.L. 10% - 30%)
1.1.2.4 11240 Discontinuous Very Low Density Urban Fabric (S.L. < 10%)
1.1.3 11300 Isolated structures

1.2 Industrial, commercial, public, military, private and transport units
1.2.1 12100 Industrial, commercial, public, military and private units
1.2.2 12200 Road and rail network and associated land

1.2.2.1 12210 Fast transit roads and associated land

1.2.2.2 12220 Other roads and associated land

1.2.23 12230 Railways and associated land

1.2.3 12300 Port areas

1.2.4 12400 Airports

1.3 Mine, dump and construction sites

1.3.1 13100 Mineral extraction and dump sites

1.3.3 13300 Construction sites

134 13400 Land without current use

14 Artificial non-agricultural vegetated areas

14.1 14100 Green urban areas

1.4.2 14200 Sports and leisure facilities

2 20000 Agricultural areas, semi-natural areas and wetlands

3 30000 Forests

5 50000 Water

3.3. Natura 2000

The utilization of the “Natura 2000 dataset by the current study, serves the purpose of
the estimation of the “Proportion of protected areas” ECI. This ECI is related to several ES
as protected areas such as Natura 2000 sites and ecosystems inside and around cities may
lead to several tangible benefits such as air quality improvement, noise reduction, mitigation
of extreme summer temperatures as well as to non-material benefits such as recreation,
education, cultural and aesthetic values and maintenance of social relations (Maes et al.,
2016).

Natura 2000 is composed of sites designated under the Birds Directive (Special Protection
Areas, SPAs) and the Habitats Directive (Sites of Community Importance, SCls, and Special
Areas of Conservation, SACs). More specifically, the ecological network is based on the
1979 Birds Directive and the 1992 Habitats Directive. Altogether, the sites cover a
substantial area — equivalent in size to Germany, Poland and the Czech Republic combined

11



(European Commission, 2012). The version that was used by the current study covers the
reporting in 2015. The data that compose the ecological network derive from national
authorities and are filtered by a quality control process that has been developed by the
European Topic Centre for Biological Diversity (ETC/BD) which identifies potential
inconsistencies in the national reports.

3.4. Population density disaggregated with Corine land cover 2000

The dasymetric® population density grid of the EU at a 100m. resolution was used by the
current study to estimate the population within the borders of LUZ and city cores in order to
estimate the values of two ECI: “Artificial area per inhabitant” and “Number of inhabitants
per area”. The dataset is provided by the EEA and is a result of the application of a
disaggregation method which is a modified version of the “limiting variable method” (Eicher
and Brewer, 2001). The main ancillary information source was “CORINE* Land Cover
2000” inventory. It should be mentioned that compared with the traditional choropleth maps
that represent a homogeneous density in each commune, the accuracy improvement of the
disaggregated maps ranged between 46% and 67% (F.J. Gallego et al., 2011).

3.5. Removal of NO; by urban vegetation

The “Removal of NO2 by urban vegetation” regulating ESI dataset was used by this study
to discuss the suggested ECI thresholds at the LUZ and city core spatial levels. The grid that
represents the ES of the NO2 removal by urban vegetation is based on the calculation of three
different indicators: average concentrations of NO;, deposition velocity, and removal
capacity (Maes et al., 2015). These indicators have been evaluated at European scale by
using simple GIS map algebra operations. According to Maes et al. (2015), concentrations
of NO; were calculated using Land Use Regression (LUR) models. LUR models are used to
evaluate the relationship between observed air pollution concentrations and predictor
variables (e.g. traffic, land use). The parameters that have been inserted to the LUR models
were calculated and evaluated at 100m. resolution. The air pollution deposition velocity
indicator has been calculated according to an approach proposed by Pistocchi (2010) where
deposition velocity depends on the wind speed at 10m and the land cover type, either forest
or bare soil or water. Annual removal capacity was estimated as the total pollution removal
flux’ in the areas covered by vegetation. From the results that have been obtained by the
described processes, total pollution removal flux was calculated for NO».

The estimation of the “Removal of NO; by urban vegetation” ESI was facilitated by a

3A dasymetric map depicts quantitative areal data using boundaries that divide the mapped area into zones of relative
homogeneity with the purpose of best portraying the underlying statistical surface (Eicher and Brewer, 2001) .

41n 1985 the Corine (Coordination of Information on the Environment) programme was initiated in the European Union.
Corine means 'coordination of information on the environment' and it was a prototype project working on many different
environmental issues. The CORINE land cover inventory is composed of 44 classes, and presented as a cartographic
product, at a scale of 1:100 000.

5Removal flux = (deposition velocity) x (pollutant concertation)
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model called ESTIMAP (Ecosystem Mapping Tool) that was developed by the Joint
Research Centre to estimate trends in regulating and maintenance ES. ESTIMAP is a
collection of spatially explicit models to support the mapping and modelling of ES at
European scale whose main objective is to support EU policies with spatial information on
where ES are provided (Maes et al., 2015).

3.6. Recreation Opportunities Spectrum (ROS)

The ROS cultural ESI data are utilized by the current study for the discussion of the
suggested ECI thresholds. The recreation opportunity Spectrum is a method to map different
degrees of recreation services available according to their proximity to the people (Zulian et
al.,2013). In order to assess how the benefit of recreation can be delivered to people, the EU
has been classified into zones of remoteness versus proximity to areas of recreational
interest. The inputs to this classification have been the distances from roads and residential
areas whose data have derived from the TeleAtlas® Database and CORINE land cover classes
respectively.

Another parameter that was studied is the RPI (Recreation Potential Index). Recreation
potential is mapped through components that have a specific link with people’s behavior and
have divided in three components: the first relates to the degree of naturalness identified as
a proxy for people’s preference for more natural areas; the second concerns protected areas
as public recreation areas and the third, water attractiveness (Paracchini et al.,2014).

Finally, according to the above-mentioned report, in order to tune the remoteness and
proximity concepts to the experience of the EU citizens, a panel of ten European experts of
different nationalities have been asked to define thresholds for distances from roads and
urban, and assign each combination a label among the following five: neighborhood,
proximity, far, remote, very remote.

The final ROS has been computed by a cross tabulation between the RPI and the zoning
for the EU in terms of remoteness and accessibility (7able 3).

6 Tele Atlas is a Netherlands-based company founded in 1984 which delivers digital maps and other dynamic content for
navigation and location-based services
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Low provision- easily accesible

Low provision- accesible

Low provision- not easily accesible Remotenes/Accessibility
1 2 3 4 5
Neighborhood| Proximity Far Remote |Very Remaote

Medium provision- not easily accesible 1 «0.19

High provision- easily accesible 0.19-0.25

Recreation
Potential
[~}

High provision- accesible 3 =0.25

High provision- not easily accesible

Table 3:The Recreation Opportunity Spectrum (ROS) classes, that have been used to map different degrees of recreation
services available according to their proximity to the people. (legend on the left)
Source: (Paracchini et al., 2014 modified after Kourdounouli, 2017)

3.7. Global Urban Heat Island (UHI) Data Set

The UHI dataset was utilized by this study to discuss the suggested ECI thresholds.
Although, it is not considered as an ES itself, it is closely related to “climate regulation” ES
as a low UHI might indicate high values of the said service.

The primal purpose of the dataset is to provide summer daytime and nighttime minimum
and maximum surface temperatures (LST) for urban extents and their surroundings as well
as the LST difference between them which represents the UHI effect. According to the
documentation for the UHI Data Set (CIESIN ,2013), the basic approach was to use LP
DAAC’s MODIS data on land surface temperature in conjunction with the SEDAC’s
(Socioeconomic Data &Applications Center) Global Rural-Urban Mapping Project
(GRUMP) urban extents data (CIESIN et al., 2011) to estimate the average daytime
maximum and average nighttime minimum land surface temperatures within the urban
extents during the highest temperature period of the northern and southern hemisphere
summers. The same average was calculated for a 10 indexkm. buffer surrounding the urban
extents. Nighttime was included in addition to daytime because the health impacts of the
urban heat island effect are often most pronounced at night.

The dataset refers to the “urban extents” grid that distinguishes urban and rural areas
based on a combination of population counts, settlement points, and the presence of
Nighttime Lights.

3.8. E-OBS gridded dataset

The “E-OBS gridded dataset” is a daily gridded observational dataset for precipitation,
temperature and sea level pressure in Europe. The sub-datasets of precipitation and
temperature of the “E-OBS gridded dataset” are used by the current study to perform a
cluster analysis which will define the territories for which, different ECI thresholds will be
suggested.
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The “E-OBS gridded dataset” which derives from the ENSEMBLES project, supported
by the European Commission's 6th Framework Programme. According to the ENSEMBLES
official website (ENSEMBLESFP6 _index, 2018), one of the main aims of the project is to
develop an ensemble prediction system for climate change based on the principal state-of-
the-art, high resolution, global and regional Earth System models developed in Europe,
validated against quality controlled, high resolution gridded datasets for Europe.
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4. Methodology

The general concept of the methodology that was followed is imprinted at the flowchart
of Figure 3. For ease of reference, the Methodology will be destructured and described in
five parts: definition of the Study Area, Data Collection and Preprocessing, Estimation of
the ECI, Quality Control of the Resulted ECI Values, Selection and Application of the
Threshold Assessing Method and Exploration of the relation of the Suggested ECI
Thresholds to ES. Appropriate software has been used to conduct the analysis and illustrate
the results (7able 4).

DATA COLLECTION

CORES ESTIMATION OF STATE INDICATORS

DO ANY OF THE
INDICATORS
DISPLAY
NOTABLE
GEOGRAPHICAL
GRADIENTS?

AREANY OF THE
GRADIENTS
RELATEDTOA
TEMPERATUREOR
PRECIPATION
PATTERN?

E THE MEAN VALUES OF THE
ESTIMATE THE MEAN VALUES OF THE ] ORS FOR EACH NOTABLE

INDICATORS AT EUROPEAN SCALE 10N OR TEMPERATURE CLUSTER

SUGGEST THRESHOLDS FOR THE STATE
INDICATORS

JUXTAPOSE THE SUGGESTED THRESHOLDS TO
ECOSYSTEM SERVICES' INDICATORS
TO DISCUSS THEIR CREDIBILITY

Figure 3: Flowchart of the basic lines of the methodology that has been followed. The investigation of the
existence of notable indicator geographical gradients and their potential relation to a temperature or
precipitation pattern defines the territories for which different indicator thresholds will be suggested.
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Table 4: The software that has been utilized by the current study to perform the analysis of the ESI and ECI
and to illustrate the results.

Software Version Manufacturer City Head Quarters Country

ArcMap 10.3.1 ESRI Redlands, California United States
Excel 2016 Microsoft Redmond, Washington United States

Paint.Net 4.0.21 dotPDN, LLC - -

4.1. The Study Area

The broader study area geographically corresponds to the territories of 27 countries that
are members of the European Union (EU) -Croatia excluded. The 4" MAES report suggests
that the ECI are estimated in three spatial scales: Urban, Metropolitan and Regional. The
current study will attempt to estimate the ECI and suggest the respective thresholds in Urban
and Metropolitan scale.

Concerning the Metropolitan scale, although the said report suggests that it corresponds
to the Functional Urban Areas (FUA), the current study accepts that it will refer to the Larger
Urban Zones (LUZ) as defined by the Urban Audit. This is because the relative urban land
use data were not yet generalized for the areas within the FUA borders for all the European
cities during the prepatation of the current study. However, it should be noted that FUA and
LUZ borders do not deviate much in terms of magnitude as “the Urban Audit works with
administrative boundaries that approximate the functional urban region” (Bretagnolle et al.,
2011).

Concerning the urban scale, the 4th MAES report suggests that it “focuses on the core
area of the Functional Urban Area (FUA), the city” and the current study will adapt to this
direction. The boundaries of the core cities delineate the corresponding political boundaries,
fact that ensures that data will be straightforwardly usable by the policy makers. However,
for capitals that are very under-bounded (e.g. Paris, Lisbon), an additional spatial level has
been introduced: the “kernel”. The kernel is an approximation of the built-up area around
the core city (Eurostat, 2009). The kernels provide a more uniform perception of the large
cities in terms of area as the corresponding core city makes up less than 20 % of the area of
the LUZ. As regards the logic behind the kernel delineation, an exception has been made for
London, where the kernel was defined to match the core city of Paris in terms of population,
in order to facilitate the comparison between the two largest European cities. It should be
mentioned that London and Paris are considered as the largest European cities by the UN
(2014), based on the concept of urban agglomeration which takes into account along with
the core city, all the suburbs that are linked to the city by continuous urban areas.

The current study will also analyze the intermediate zone that is located at the area in
between the LUZ and the city core (or Kernel outlines). The total number of the LUZ and
corresponding city cores that will be processed is 305.
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4.2. Data Collection, Preprocessing and Grouping

Data collection through reliable internet sources (7able 1,p.5) was the first process to be
transacted. The downloaded data were of several formats and coordinate systems and in
many cases, they had to be re-projected to be simultaneously processed by the same software
(ArcMap 10.3.1). The main Geographic Coordinate System (GCS) that was used during the
data analysis was ETRS 1989, and the projection was Lambert Azimuthal Equal Area. In
many cases, the data had to be decompressed or converted in a form that is readable by the
used software. For example, some datasets were compressed and packed in ZIP or TAR
(Tape ARchive) file formats and some in NetCDF (Network Common Data Form) file
format. Finally, the data have been grouped into folders according to the procedure they
participate in (Figure 4).

Urban Urban Population Natura
ED Audit Density 2000

¢ Landuses City core ¢ Number of * protected ECI estimation and
. LUZ borders inhabitants areas wihin threshold
borders * Kernel per LUZ or LUZ or core suggestion
borders Eure
| |
NO: Removal by
* Average * Average ¢ UHI values
NCl)z removal ROS values within each ESI estimation and exploration of
ithin etk Al i their relation to ECI
or core
LUZ or core
* ‘:;’;;age = :Vf?rage \ Cluster Analysis which will define the territories for
o allks which different ECI thresholds will be suggested
preciptatio temperatur =
n within e within
each LUZ each LUZ

Figure 4: The elements of the available datasets that have been used by the current study to generalize the data for
each individual procedure of the analysis.

4.3. Estimation of the ECI

The ECI for the two spatial levels, LUZ and city core were estimated using the same
methodology. Initially, the six ECI that derive from the “Urban Atlas” dataset were
estimated. The first step to the estimation was to decide which of the “Urban Atlas” land
uses will participate to the estimation of which ECI (7able 5). It should be mentioned that
all the LUZ and cores have been studied one by one individually.
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The classification (Table 6), was transformed into simple SQL’ expressions that were
queried to acquire results in area units for each LUZ and core. In ArcMap terms, the Select
by Attributes tool was applied to each LUZ and city core’s attribute table by using SQL
expressions (Table 4) and a simple Vb script®.

Concerning the “Proportion of impervious surface” ECI, it was considered as purposeful
to multiply the respective areas of each of its Urban Fabric related components with factors
that correspond to the mid-range’ of the percentages of soil sealing that characterizes them.
For example, the Urban Atlas class “Discontinuous Medium Density Urban Fabric (S.L.
30% - 50%)” has a degree of soil sealing between 30% and 50% and its corresponding area
was multiplied by 0.40 which is calculated as follows: (0.50+0.30)/2. The multiplication
factors of each component of the “Proportion of impervious surface" ECI can be found in
the following Vb script which was applied after the SQL queries of Table 6:

dim x

if ([CODE] = "11100") then

x = ([area] * 0.90)

elseif ([CODE] = "11210") then
x = ([area] * 0.65)

elseif ([CODE] = "11220") then
x = ([area] * 0.40)

elseif ([CODE] = "11230") then
x = ([area] * 0.20)

elseif ([CODE] = "11240") then
x = ([area] * 0.05)

else

x= ([larea] * 1)

End If

After the SQL queries and Vb script were applied, the sum of the corresponding polygon
areas of each ECI were copied into the respective LUZ or core and indicator cell in a
spreadsheet. The process was repeated for all the ECI that are found in 7able 5 and the results
were two tables (one for LUZ and one for city cores) of 305 lines which correspond to each
LUZ or core and six columns which correspond to the area that each ECI “occupies”.

The next step was to estimate the population for each LUZ and city core based on the
acquired population grid (7able 1). The population is essential to estimate two ECI: “Number
of inhabitants per area” and “Artificial area per inhabitant”. The first step after inserting the
population grid in ArcMap was to apply the zonal statistics by table tool in order to estimate
the total population within each LUZ and core. The results have been inserted into the same
spreadsheet mentioned in the previous paragraph.

The estimation of the “Proportion of protected area” ECI was based on the Natura 2000
dataset (Table I). Initially, the Natura polygons were clipped to the boundaries of the LUZ
and the cores and then the intersect tool was performed between the clipped boundaries and

7 Structured Query Language (SQL) is a standard computer language for accessing and managing databases

8 VBScript ("Microsoft Visual Basic Scripting Edition") is an Active Scripting language developed by Microsoft that is
modeled on Visual Basic

? the mid-range is the arithmetic mean of the maximum and minimum values
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the LUZ and cores outlines respectively. Finally, the summary statistics tool was applied to
the outcome of the intersection and the total area of protected areas for each LUZ and core
was inserted to the same spreadsheet mentioned in the previous paragraphs.

The next process was the final estimation of the iECI through calculations that were
performed in a spreadsheet. Considering that areas that correspond to each indicator are now
estimated, the final step to their estimation was to perform the appropriate mathematical
operations to reach the desired results (7able 7). Finally, the eight estimated indicators for
each LUZ and corresponding city core (or kernel) were converted to shapefiles in order to
be further processed in the G.I.S. software.
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Table 5: The land uses that participate to the estimations of the six ECI that derive from the “Urban Atlas” dataset and the corresponding vector data codes as
defined by the same dataset.

indicator vector data codes nomenclature
Proportion of urban green space (%) 14100,14200 Green Urban Areas, Sports and leisure facilities
Proportion of impervious surface (%) All codes except from All nomenclatures except from Green Urban Areas, Sports and leisure
14100,14200,20000,30000,50000,13400 facilities, Agricultural areas & semi-natural
areas & wetlands Forests, Water, land without current use
Proportion of natural area (%) 30000, 50000 Forests, Water
Proportion of agricultural area (%) 20000 Agricultural areas & semi-natural areas & wetlands
Proportion of abandoned area (%) 13400 Land without current use
Artificial area per inhabitant All codes except from 20000,30000,50000 All nomenclatures except from agricultural areas & semi natural areas &
(m?%/ person) wetlands, forests and water

Table 6: The SQL queries that have been performed by the “Select by Attributes” tool of the ArcMap 10.3.1 software to estimate the corresponding areas of the
ECI that derive from the Urban Atlas Dataset.

ECI SQL query /SELECT*FROM
Proportion of urban green space (%) "CODE" ='14100' OR "CODE" ='14200'
Proportion of impervious surface (%) "CODE" IN (‘11100','11210','11220', '11230', '11240', '11300', '12100', '12210', '12220', '12230', '12300', '12400', '13100',
'13300', '13400', '14100', '14200'")

Proportion of natural area (%) "CODE" ='30000' OR "CODE" = '50000'

Proportion of agricultural area (%) "CODE" ='20000'

Proportion of abandoned area (%) "CODE" ='13400'

Artificial area per inhabitant "CODE" IN (‘11100','11210','11220', '11230', '11240', '11300', '12100', '12210', '12220', '12230', '12300', '12400', '13100',

(m2/ person) '13300', '13400', '14100', '14200')




Table 7: The calculations that have been performed in MS excel to estimate the final values of the ECI. (the
respective calculations have also been performed for the city cores)

ECI calculation
Proportion of urban green space (%) URBAN GREEN SPACE AREA WITHIN LUZ/LUZ AREA*100
Proportion of impervious surface (%) IMPERVIOUS SURFACE AREA/ LUZ AREA *100
Proportion of natural area (%) NATURAL AREA WITHIN LUZ/ LUZ AREA*100
Proportion of protected area (%) PROTECTED AREA WITHIN LUZ/ LUZ AREA*100
Proportion of agricultural area (%) AGRICULTURAL AREA WITHIN LUZ/ LUZ AREA*100
Proportion of abandoned area (%) ABANDONED AREA WITHIN LUZ/ LUZ AREA *100
Number of inhabitants per area (number/ ha) NUMBER OF INHABITANTS WHITHIN LUZ/ LUZ AREA
Artificial area per inhabitant (m2/person) ARTIFICIAL AREA WITHIN LUZ / NUMBER OF IHABITANTS WITHIN LUZ

4.4. Cross-checking of the Resulted ECI Values

To ensure the validity of the results several checks were performed. The results were
examined for duplicate and negative values as well as for formula related errors. The
proportional ECI were also examined for values that overcome the 100%.

Another check that was performed, concerns the summary of the 5 ECI whose values
strictly derive from the “Urban Atlas” dataset (proportion of urban green space, proportion
of natural area, proportion of agricultural area, proportion of impervious surface, proportion
of abandoned area) for each LUZ or city core. Since these five ECI cover all of the “Urban
Atlas” nomenclatures and none of them is repeated for the estimation of more than one ECI
it was expected that their sum should approach the 100%. The check was expected to
approach the 100% and not to result to exactly 100%, as the impervious areas which
participated to the estimation of “Proportion of impervious surface” ECI have been
multiplied by certain factors as previously mentioned. The values that the checks have dug
up, were re-checked and finally, corrected when needed. The majority of the errors were due
to repetitions of values that occurred during the data transfer from the G.1.S. software to the
spreadsheet.

4.5. Selection and Application of the ECI Threshold Assessing Method

According to Mitchell et al. (1995), threshold values may identify problematic, critical
and irreversible or uncontrollable levels of an indicator and should be identified and
explained especially for indicators of sustainability as “they set limits, so that the indicators
relate to development, and not simply growth”. The threshold assessing method that will be
utilized is the estimation of the average values of the ECI in a European-wide scale or in a
scale that will be defined by a cluster analysis of the estimated ECI as well as of temperature
and precipitation data (7able 1). The main concept behind the selection of the threshold
assessing method is the following: if the ECI present visible geographical gradients that are
related to a respective precipitation or temperature pattern then the precipitation or
temperature pattern will define the territories for which, different thresholds will be
suggested else the average European-wide ECI values will be suggested as thresholds.
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The zonal statistics tool was utilized to estimate the mean precipitation and temperature
values for each LUZ. The process is presented only for the LUZ and not for the city cores
(or kernels) as the gridded observed climate data would not allow for a discrimination
between the temperature and precipitation in the LUZ and city cores.

To verify the existence or not of significant geographical gradients that the estimated ECI
may present towards the under study European cities, apart from the visual examination of
the data, the spatial autocorrelation of each ECI was studied. That is because a high spatial
autocorrelation might indicate the presence of the clusters that form the possible
geographical gradients. According to Griffith (2009), “spatial autocorrelation means a
dependency exists between values of a variable in neighboring or proximal locations, or a
systematic pattern in values of a variable across the locations on a map due to underlying
common factors”. In this case, the common factors whose relationship with the ECI is under
examination, are precipitation and temperature. The ArcMap tool that was utilized to
estimate the autocorrelation of the estimated ECI as well as the autocorrelation of
precipitation and temperature is the Spatial Autocorrelation (Global Moran's 1) tool (ESRI,
n.d.). According to the official ESRI website!?, this tool measures spatial autocorrelation
(feature similarity) based on both feature locations and feature values simultaneously. Given
a set of features and an associated attribute, it evaluates whether the pattern expressed is
clustered, dispersed, or random. The tool calculates the Moran's I Index value and both a Z
score and p-value evaluating the significance of that index. In general, a Moran's Index value
near +1.0 indicates clustering while an index value near -1.0 indicates dispersion. The results
of the Spatial Autocorrelation (Global Moran's I) tool will indicate which ECI correspond
to the most notable spatial autocorrelations.

The relationship between the ECI that are qualified as most spatially autocorrelated and
the precipitation and temperature will be visually explored through a cluster analysis. The
core concept of cluster analysis may be stated as follows: “given a set of data points, partition
them into a set of groups which are as similar as possible” (Aggarwal, 2014). The logic
behind the Cluster and Outlier Analysis tool does not deviate much from the Spatial
Autocorrelation (Global Moran's 1) tool that has already been performed, but it also
facilitates a visual juxtaposition of the gradients as it produces illustrated results.

4.6. Exploration of the relation of the Suggested ECI Thresholds to ES

The reliability of the suggested ECI thresholds is discussed through a juxtaposition of the
with the respective ESI for each LUZ and city core. As the current study accepts that the ES
and the ecosystem condition are related to each other, the results of the examination of their
relation may give credence to the suggested thresholds. More specifically, the ECI will be
compared to one regulating (NO> removal) ES, one cultural (ROS) ES and to the UHI effect
which is linked to climate regulating ES.

10 hitp://resources.esri.com
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The main question that is to be answered here could be formulated as follows: Do the
majority of the LUZ or city cores whose ECI values surpass the suggested thresholds (in a
positive way) also surpass the average values of the respective ESI? A positive answer is
considered to give credence o the suggested ECI threshold. It should be clarified that an ECI
surpasses the suggested threshold in a positive way when it presents a positive correlation to
the ES provided i.e. it acts supportively to them and that it has been accepted that that
“majority” of the LUZ or cores corresponds to percentages greater than the 50%. The reason
why the exploration of the relation between the EC and the ES has been decided to be based
on the threshold values and formed classes and not, for example, on the estimation of the
correlation across the entire range of values, has to do with the aim of the study which looks
forward to enhancing decision making towards planning procedures. A categorization like
that may facilitate an urban planner to immediately form an opinion about whether or not
the LUZ or core is amongst the ones with the “best” or “worst” EC and ES performances
and to be acknowledged with the extent of the credibility of the threshold concerned to obtain
a broader perception of the city’s planning needs.

The UHI effect was estimated through the application of the ArcMap’s Identity tool
within each LUZ. The features of the UHI effect dataset have been used as identity coverage
to obtain only their attributes that overlap the LUZ. The NO> removal and ROS ESI were
estimated through the utilization of the Zonal Statistics tool by calculating the mean values
within each LUZ and core. The Select by Attributes tool was applied to select the LUZ and
city cores which surpass the suggested threshold values. The same tool was applied to the
ESI to select the LUZ and city cores whose values are above the average (and below the
average for the UHI effect). The results of the Select by Attributes tool have been exported
into shapefiles. Finally, the Select by Location tool was applied to select the LUZ and city
cores that present values which surpass both the suggested ECI thresholds (in a positive way)
and the average ESI values.

Finally, it should be mentioned that although the “proportion of agricultural area” ECI
corresponds to three suggested thresholds in accordance with the temperature cluster that the
respective LUZ or core belongs to, it has been decided that this categorization is of minor
importance for the current evaluation and that is why the European-wide mean values of the
ECI have been used.

The results of the analysis are presented in two spatial levels: the LUZ and the City
Core (or Kernel) which will be juxtaposed to each other. However, the ECI are also estimated
for an extra spatial level that is the area in between the LUZ and cores outlines. The reason
why it has been decided to perform the analysis of the intermediate zone is to highlight each
ECD’s differences between the core and its surroundings and furthermore to offer the
possibility of a further analysis of the data that might concern the extent to which the
environmental conditions of the surroundings may affect the cores and vice versa.
Additionally, an analysis like that might reveal the value of the intermediate zone concerning
the ES provided.
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The results are presented in the form of maps, graphs and tables. Concerning the maps,
the method that was used for the classification of the ECI and ESI values is the “natural
break method”, modified to incorporate the mean EU wide value of each indicator as the
lower limit of the class that corresponds to “medium” values”. This modification was carried
out to clearly visualize which LUZ or cores surpass the thresholds i.e. the LUZ or cores that
appear in the maps to correspond to “medium”, “high” and “very high” classes surpass the
suggested thresholds. According the ArcMap 10.3.1 user guide, “Natural breaks classes are
based on natural groupings inherent in the data. Class breaks are identified that best group
similar values and that maximize the differences between classes. The features are divided
into classes whose boundaries are set where there are relatively big differences in the data
values.” It should be mentioned that in most cases the mean values of the indicators did not
deviate much by the lower limit of the classes that corresponded to “medium values” with
the natural break method.

All the individual indicator values can be found at the Appendices A, B and C at the end
of the paper that correspond to the LUZ, city core (or Kernel) and area in between the core
and the LUZ outlines spatial scales respectively. It should be noted that for the latter spatial
scale the number of the relative areas is 282 and not 305 because there are cases where the
LUZ and the city core coincide.
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5. Results

5.1. Estimated ECI

The “Proportion of urban green space” ECI significantly deviates for the LUZ and
cores in terms of magnitude (Figure 5). More specifically, the highest and lowest values for
the cores are almost double than the ones for the LUZ (7able 6). However, the spatial
distribution of the classes appears to be quite similar for the two spatial levels: the majority
of the LUZ and cores which present the highest indicator values are met within the borders
of four countries: United Kingdom, Germany, Netherlands and Belgium. As regards the core
spatial level (Figure 5b), Poland also presents medium to high values. Aggregates of very
low percentages for both spatial levels are observed within the borders of Sweden, Hungary,
Greece, Serbia, and Spain while the Baltic countries present relatively low percentages at
LUZ level and relatively high at core level. The LUZ of Liverpool (United Kingdom)
presents the highest percentage (13.19%) and the LUZ of Potenza (Italy) presents the lowest
one (0.09%) while at core level the highest percentage corresponds to Karlovy Vary of the
Czech Republic (25.94%) and the lowest one to Kalamata (Greece) and is 0.25% (Table 10).

Table 8: The cities and the respective countries that correspond to the highest and lowest values of the
“Proportion of urban green space” ECI for the LUZ and city core (or Kernel) spatial levels

Proportion of urban green space

Level Rank City Country Value (%)

1 Liverpool United Kingdom 13.19

2 Manchester United Kingdom 10.47

N 3 s' Gravenhage Netherlands 10.25

Cities that -~ 4 Portsmouth United Kingdom 9.61

correspond to the 5 Waterford Ireland 7.97
highest indicator

values from highest 1 Karlovy Vary Czech Republic 25.94

(1) to lowest (5) w 2 Hannover Germany 20.65

5 3 London United Kingdom 16.66

© 4 Kaunas Lithuania 16.04

5 s' Gravenhage Netherlands 15.75

1 Potenza Italy 0.09

N 2 Campobasso Italy 0.13

2 3 Toledo Spain 0.13

Cities that 4 I'Aquila Italy 0.13

correspond to the 5 Umed Sweden 0.13
lowest indicator

values from lowest 1 Kalamata Greece 0.25

(1) to highest (5) w 2 Badajoz Spain 0.26

S 3 I'Aquila Italy 0.28

© 4 Sassari Italy 0.29

5 Foggia Italy 0.29
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Figure 5 (a) LUZ spatial

level (b) city core spatial level: the “Proportion of urban

green space” ECI,

classified in five classes by the natural break method, modified to incorporate the mean value of the
indicator as the lower limit of the “medium” class.
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The “Proportion of natural area” ECI (Figure 6), presents from medium to very high
values at north-east Europe and especially at Sweden and Finland which present almost
exclusively very high values at both the spatial levels of LUZ and core. The spatial
distribution of the different classes along Europe looks similar for the two spatial levels at
first glance, however for certain countries there is a significant differentiation concerning
the classes their LUZ and cores belong to. Examples are Poland and the Baltic Countries.
Significant aggregates of exclusively low to very low indicator values are observed for the
LUZ and cores of the United Kingdom and Ireland. Italy, Spain and Greece mostly present
from medium to very low values for both spatial levels.

As regards the magnitude of the indicator for the two levels, there is a slight precedence
of the LUZ. The city of Umea (Sweden) presents the highest indicator values for both spatial
levels (

Table 9), while Lefkosia (Cyprus) and Bari (Italy) present the lowest percentages for the
LUZ (0.46%) and core (0.11%) spatial level respectively. It is noticeable that the highest
indicator values are observed at Sweden and Finland while the lowest ones at countries of
the southern Europe.

Table 9: The cities and the respective countries that correspond to the highest and lowest values of the

Proportion of natural area

Level Rank City Country Value (%)

1 Umea Sweden 85.65

2 Jonkoping Sweden 76.67

N 3 Tampere Finland 74.79

Cities that = 4 Uppsala Sweden 71.39

correspond to the 5 Oulu Finland 68.90
highest indicator

values from highest 1 Umea Sweden 81.29

(1) to lowest (5) w 2 Tampere Finland 75.67

S 3 J6nképing Sweden 74.98

© a4 Oulu Finland 65.62

5 Uppsala Sweden 64.20

1 Lefkosia Cyprus 0.46

N 2 Valletta Malta 0.56

= 3 Gozo Malta 0.90

Cities that 4 Iraklion Greece 0.98

correspond to the 5 Bari Italy 1.07
lowest indicator

values from lowest 1 Bari Italy 0.11

(1) to highest (5) w 2 Iraklion Greece 0.13

& 3 Valletta Malta 0.31

© 4 Alicante/Alacant Spain 0.42

5 Foggia Italy 0.51

“Proportion of natural area” ECI for the LUZ and city core spatial levels.
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Figure 6 (a) LUZ spatial level (b) city core spatial level: the “Proportion of natural area” ECI, classified in five
classes by the natural break method, modified to incorporate the mean value of the indicator as the lower
limit of the “medium” class.

30



In broad terms, the “proportion of impervious surface” ECI presents relatively low
values along Europe for the LUZ (Figure 7a) while for the cores the presence of medium to
high values is frequent (Figure 7b). Aggregates of LUZ that present high to very high values
are only observed within the borders of Belgium and Netherlands. As regards the city cores,
the majority of them that correspond to the highest indicator values are concentrated in
Central Europe and especially at Netherlands, Belgium, Germany and Poland. The
Scandinavian countries show very low values for both spatial levels and the Baltic countries
just for the LUZ. The city cores of the European capitals, as a rule, correspond from high to
very indicator values as for example London, Paris, Rome, Athens or Berlin with certain
exceptions (e.g. Helsinki, Stockholm). The core indicator values are of significantly larger
magnitude than the LUZ. In fact, we may notice that the values that correspond to core
classes are approximately double than the respective values for the LUZ (Figure 7).

The highest percentages for the LUZ and city core spatial level correspond to s'
Gravenhage (Netherlands) with a percentage of 45.09% and Thessaloniki (Greece) with a
percentage of 82.70 % respectively (Table 10). The lowest percentages correspond to Umeé
(Sweden) for both spatial levels with a percentage of 1.73 % for the LUZ level and 2.82%
for the core level. It is notable that the country that prevails when it comes to the LUZ and
cores with the lowest percentages is Sweden.

Table 10: The cities and the respective countries that correspond to the highest and lowest values of the
“Proportion of impervious” ECI for the LUZ and city core spatial levels.

Proportion of impervious surface

Level Rank City Country Value (%)

1 s' Gravenhage Netherlands 45.09

N 2 Napoli Italy 39.34

2 3 Liverpool United Kingdom 37.89

Cities that 4 Portsmouth United Kingdom 37.82

correspond to the 5 Nancy France 36.57
highest indicator

values from highest 1 Thessaloniki Greece 82.70

(1) to lowest (5) w 2 Paris France 66.48

°o= 3 Bucuresti Romania 62.57

© 4 Kingston-upon-Hull United Kingdom 62.03

5 Valletta Malta 60.20

1 Umead Sweden 1.73

N 2 Liepaja Latvia 2.47

2 3 Uppsala Sweden 2.92

Cities that 4 Pamplona/lruna Spain 3.09

correspond to the 5 Oulu Finland 3.19
lowest indicator

values from lowest 1 Umea Sweden 2.82

(1) to highest (5) w 2 Jonkoping Sweden 3.68

S 3 Uppsala Sweden 3.92

© 4 Padova Italy 4.20

5 Orebro Sweden 4.37
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Figure 7 (a) LUZ spatial level (b) city core spatial level: the “Proportion of impervious surface” ECI, classified
in five classes by the natural break method, modified to incorporate the mean value of the indicator as the
lower limit of the “medium” class.
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The “Proportion of agricultural area” ECI shows large aggregates of low values at
north-east Europe while central Europe presents relatively moderate values and south
Europe presents high values for both the LUZ and core spatial levels (Figure 8). The majority
of the LUZ and corresponding cores that are located within the borders of the United
Kingdom, Ireland and Denmark present high to very high indicators values. The LUZ within
the borders of Sweden and Finland show very low indicator values for the LUZ and low to
very low for the core level. We may also observe that most of the LUZ and corresponding
city cores that are found within the borders of the southern European countries present from
high to very high indicator values capitals included (e.g. Spain, Italy, Cyprus, Greece).
Concerning the magnitude of the indicator values, it is significantly larger for the LUZ
spatial level.

The cities with the highest indicators percentages are the Badajoz of Spain with a
percentage of 92.12 % (Table 13). It should be noted that the percentage is exactly the same
for both scales because Badajoz is one of the few cases where the LUZ and core coincide.
The lowest indicator percentages for the LUZ and core levels correspond to Umea (Sweden)
and Thessaloniki (Greece) respectively and these are 11.70 % and 0.75% respectively. A
general note on Table 9, is that all the cities that present the highest percentages are located
at southern Europe.

Table 11: The cities and the respective countries that correspond to the highest and lowest values of the
“Proportion agricultural area” ECI for the LUZ and city core spatial levels.

Proportion of agricultural area

Level Rank City Country Value (%)

1 Badajoz Spain 92.12

N 2 Lefkosia Cyprus 90.71

2 3 Toledo Spain 90.44

Cities that 4 Cordoba Spain 89.80

correspond to the 5 Foggia Italy 89.62
highest indicator

values from highest 1 Badajoz Spain 92.12

(1) to lowest (5) w 2 Cordoba Spain 89.80

°o= 3 Foggia Italy 89.73

© 4 Sassari Italy 85.81

5 Ajaccio France 83.44

1 Umead Sweden 11.70

N 2 Tampere Finland 14.56

2 3 Jonkoping Sweden 17.89

Cities that 4 Stockholm Sweden 18.60

correspond to the 5 Wuppertal Germany 20.22
lowest indicator

values from lowest 1 Thessaloniki Greece 0.75

(1) to highest (5) w 2 Bruxelles/Brussel Belgium 2.73

S 3 Zielona Gora Poland 3.29

© 4 Paris France 3.54

5 Padova Italy 3.67
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five classes by the natural break method, modified to incorporate the mean value of the indicator as the
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The “Proportion of protected area” ECI mainly presents very low values across Europe
for both the LUZ and the core spatial levels (Figure 9). Furthermore, there are some LUZ
and several cores which do not have any protected areas within their territories (28 out of
305). LUZ and cores that present from medium to very high percentages are mainly located
within the borders of Spain and Greece. Concerning the capitals, we may see that Madrid
and Wien present relatively high indicator values for both spatial levels. Significant
differentiations between the two spatial levels are observed at Slovakia and Poland. As
regards the magnitude of the indicator values, the LUZ level seems to generally involve
higher percentages.

The city of Aveiro (Portugal) presents the highest percentage (87.02%) for the LUZ level
while the city of Cagliari (Italy) presents the highest percentage (98.97%) for the core level
(Table 10). It is notable that, especially concerning the core level, the territories of the cities
that correspond to the highest percentages are almost completely characterized as protected
areas. The cities with the lowest indicator values are Modena (Italy) for the LUZ level and
Wuppertal (Germany) for the core level with 1.03% and 1.10% respectively (7able 12).

Table 12: The cities and the respective countries that correspond to the highest and lowest values of the
“Proportion of protected area” ECI for the LUZ and city core spatial levels. Values below 1% have been excluded
from the ranking and can be found at Appendices A and B.

Proportion of protected area

Level Rank City Country Value (%)

1 Aveiro Portugal 87.02

N 2 Santa Cruz de Tenerife Spain 79.81

2 3 Trieste Italy 79.65

Cities that 4 Venezia Italy 74.90

correspond to the 5 I'Aquila Italy 73.51
highest indicator

values from highest 1 Cagliari Italy 98.97

(1) to lowest (5) w 2 loannina Greece 97.35

& 3 Aveiro Portugal 97.28

© 4 Santa Cruz de Tenerife Spain 94.95

5 Valencia Spain 84.65

1 Modena Italy 1.03

N 2 Rennes France 1.07

2 3 Wuppertal Germany 1.10

Cities that 4 Milano Italy 1.15

correspond to the 5 Edinburgh United Kingdom 1.22
lowest indicator

values from lowest 1 Wuppertal Germany 1.10

(1) to highest (5) w 2 London United Kingdom 1.10

S 3 Glasgow United Kingdom 1.11

© 4 Rzeszow Poland 1.12

5 Radom Poland 1.13
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Figure 9 (a) LUZ spatial level (b) city core spatial level: the “Proportion of protected area” ECI, classified in
five classes by the natural break method, modified to incorporate the mean value of the indicator as the
lower limit of the “medium” class.
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The “Proportion of abandoned area” ECI generally presents very low values towards
Europe for both the examined spatial levels (Figure 10). Very few LUZ present high and
very high indicator values and they are mainly met within the borders of Hungary,
Netherlands and Belgium (Figure 10a). Concerning the core level, several cores of Germany
present medium percentages while a few that correspond from medium to high percentages
are located at Netherlands, Belgium and the Baltic countries (Figure 10b). In general, the
indicator values of the LUZ present significantly larger values than the ones of the cores.

The city that presents the highest percentages for both spatial levels is Rotterdam
(Netherlands) with percentages of 3.05 % and 1.85% for the core and LUZ respectively
while the city of Orebro (Sweden) presents zero percentages (Zable 13). It is notable that
Sweden is the country that prevails amongst the ones that present the lowest percentages for
the core level.

Table 13: The cities and the respective countries that correspond to the highest and lowest values of the
“Proportion agricultural area” ECI for the LUZ and city core spatial levels.

Proportion of abandoned area

Level Rank City Country Value (%)

1 Rotterdam Netherlands 1.85

N 2 Milano Italy 1.17

2 3 Napoli Italy 1.06

Cities that 4 Oporto Portugal 0.90

correspond to the 5 Lille France 0.87
highest indicator

values from highest 1 Rotterdam Netherlands 3.05

(1) to lowest (5) w 2 Santander Spain 2.44

5 3 Liepaja Latvia 2.43

© 4 Utrecht Netherlands 241

5 Lefkosia Cyprus 2.30

1 Orebro Sweden 0.00

N 2 Olsztyn Poland 0.00

2 3 Umead Sweden 0.01

Cities that 4 Linkoping Sweden 0.01

correspond to the 5 Oviedo Spain 0.01
lowest indicator

values from lowest 1 Orebro Sweden 0.00

(1) to highest (5) w 2 Linkdping Sweden 0.01

5 3 Umead Sweden 0.01

© 4 Uppsala Sweden 0.02

5 Derry United Kingdom 0.02
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Figure 10 (a) LUZ spatial level (b) city core spatial level: the “Proportion of abandoned area” ECI, classified
in five classes by the natural break method, modified to incorporate the mean value of the indicator as the
lower limit of the “medium” class.
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The “Number of inhabitants per area” ECI mainly presents from medium to very low
values for both the examined spatial levels (Figure [11). The capital cities that are
distinguished because of their high values for both levels are London and Athens. A large
majority of the city cores that present medium indicator values are observed within the
borders of Poland and Germany (Figure 11b). Concerning the magnitude of the indicator
values, the city cores present significantly larger values according to the distribution of the
classes of (Figure 11).

The LUZ that presents the highest indicator value is Napoli (Italy) with approximately 39
inhabitants/ ha and the one with the lowest value is Umea (Sweden) with 0.14 inhabitants /
ha . The city core with highest indicator value is clearly Thessaloniki (Greece) with an
estimated value of approximately 223 inhabitants/ ha while the lowest indicator value
corresponds to Umeé (Sweden) with 0.43 inhabitants/ ha (Table 12). 1t is also notable that
the cities which correspond to the lowest values for both the examined spatial levels belong
to Sweden.

Table 14: The cities and the respective countries that correspond to the highest and lowest values of the
“Number of Inhabitants per area” ECI for the LUZ and city core spatial levels.

Number of inhabitants per area

Level Rank City Country Value (number/ ha)

1 Napoli Italy 39.24

N 2 Portsmouth United Kingdom 24.54

2 3 s' Gravenhage Netherlands 22.72

Cities that 4 Barcelona Spain 22.14

correspond to the 5 Milano Italy 22.10
highest indicator

values from highest 1 Thessaloniki Greece 223.32

(1) to lowest (5) w 2 Paris France 80.81

°o= 3 Athina Greece 80.71

© 4 Bucuresti Romania 79.68

5 Pamplona/Iruna Spain 72.41

1 Umead Sweden 0.14

N 2 Uppsala Sweden 0.35

2 3 Liepaja Latvia 0.37

Cities that 4 Jonkoping Sweden 0.42

correspond to the 5 Linkoping Sweden 0.43
lowest indicator

values from lowest 1 Umead Sweden 0.43

(1) to highest (5) w 2 Jonkoping Sweden 0.60

S 3 Uppsala Sweden 0.76

© 4 Orebro Sweden 0.76

5 Linkdping Sweden 0.85
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Figure 11 (a) LUZ spatial level (b) city core spatial level: the “Number of inhabitants per area” indicator,
classified in five classes by the natural break method, modified to incorporate the mean value of the
indicator as the lower limit of the “medium” class.
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The “Artificial area per inhabitant” indicator generally presents from medium to very
low values for both the LUZ and core spatial level with the distinguished exceptions of
(Figure 12) of the Scandinavian countries which exclusively present high to very high
values. The majority of the LUZ that are located within the Baltic countries present high
values (Figure 12a), while the respective cores present medium values (Figure 12b). Most
of the European capitals present very low values at both spatial levels as for example
London, Madrid, Paris, Rome and Athens.

The city with the largest indicator value for both spatial levels is Umed (Sweden) with
1903.91 m?/inhab. at LUZ level and 1137.76 m?/inhab. at core level (Table 13). The lowest
indicator value for the LUZ is observed at Napoli (Italy) and for the cores at Thessaloniki
(Greece) with values 140.25 m?/inhab. and 43.27 m?/inhab. respectively (Table 15).

Table 15: The cities and the respective countries that correspond to the highest and lowest values of the
“Artificial area per inhabitant” ECI for the LUZ and city core spatial levels.

Artificial area per inhabitant

Level Rank City Country Value (m2/inhab)

1 Umea Sweden 1903.91

N 2 Aalborg Denmark 1370.83

=] 3 Uppsala Sweden 1368.94

Cities that 4 Limerick Ireland 1341.51

correspond to the 5 Linkoping Sweden 1314.71
highest indicator

values from highest 1 Umea Sweden 1137.76

(1) to lowest (5) w 2 Jonkoping Sweden 1028.91

& 3 Orebro Sweden 1000.34

© 4 Linkdping Sweden 942.48

5 Aalborg Denmark 894.62

1 Napoli Italy 140.25

N 2 Bucuresti Romania 149.19

2 3 Barcelona Spain 159.22

Cities that 4 Braila Romania 161.23

correspond to the 5 Stara Zagora Bulgaria 167.59
lowest indicator

values from lowest 1 Thessaloniki Greece 43.47

(1) to highest (5) w 2 Valencia Spain 77.41

S 3 Bilbao Spain 86.54

© 4 Athina Greece 89.00

5 Bucuresti Romania 92.80
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Figure 12 (a) LUZ spatial level (b) city core spatlal level: the “Artificial area per inhabitant” ECI, classified in
five classes by the natural break method, modified to incorporate the mean value of the indicator as the
lower limit of the “medium” class.
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5.2. ECI Values Differential between the City Core and its Surroundings

In Figure 13 are presented the average percentages of the contribution of each ECI to the
cumulative indicator value of the city core and the intermediate zone that lies among the
LUZ and core outlines. The detailed results of this analysis i.e. each ECI’s value for the city
core and each surroundings are presented at Appendices B and C respectively.

100
90
80
70
60
50
40
30
20
10

0

Proportion of Proportion of Proportion of Proportion of Proportion of Proportion of Number of Artificial area
urban green impervious natural area protected  agricultural abandoned inhabitants per
space surface area area area per area inhabitant

B AREA BETWEEN THE CITY CORE AND THE LUZ OUTLINES | CITY CORE

Figure 13: The contribution of each ECI at “City core” and “Area in between the city core and LUZ outline”
spatial levels to their cumulative value. The percentages correspond to the average ECI values of the under-
study cities whose LUZ does not coincide with their core (282 cities).

The “Proportion of urban green space” ECI appears to be much higher for the city core
in accordance with the surrounding area (Figure [13). The same is also valid for the
“Proportion of impervious surface” and “Proportion of abandoned area” ECI which appear
to be clearly higher for the city cores. The ECI which appear to be significantly higher for
the surroundings than for the city cores are the “Proportion of natural area”, Proportion of
protected area and “Proportion of agricultural area.”

Finally, the ECI that involve the population of the city core or surrounding area seem to
equally contribute to their cumulative value and these are the “Artificial area per inhabitant”
and the “Number of inhabitants per area”.

5.3. Identification of the Territories that will correspond to the ECI Thresholds

The results that concern the spatial autocorrelation of the ECI as well as of precipitation
and temperature, indicate that the most notable spatial autocorrelations correspond to the
variables whose Moran’s I index is greater than 0.09 and whose z-scores are greater than 10.
Subsequently, the Proportion of urban green space, Proportion of natural area, Proportion of
agricultural area and Number of inhabitants per area ECI as well as to the mean temperature
(Table 16) are subjected to a cluster analysis which defines the territories to which different
indicator thresholds will be applied (Figure 14).
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Table 16: Moran’s | index, z-scores and p-values for each ECI per LUZ, as well as for precipitation and
temperature. The values in bold correspond to Moran’s Index and z-score greater than 0.09 and 10
respectively and are considered as the most spatially autocorrelated.

indicator Moran's Index z-score p-value
Proportion of urban green space (%) 0.313255 41.453855 <0.001
Proportion of impervious surface (%) 0.053507 7.948471 <0.001
Proportion of natural area (%) 0.15524 20.49507 <0.001
Proportion of protected area (%) 0.082460 9.361405 <0.001
Proportion of agricultural area (%) 0.099363 13.256068 <0.001
Proportion of abandoned area (%) 0.041045 6.158351 <0.001
Number of inhabitants per area (number/ ha) 0.111579 15.024278 <0.001
Artificial area per inhabitant (m2/person) 0.075255 10.220107 <0.001
Mean Daily Precipitation sum (mm) 0.050041 7.050154 <0.001
Mean Temperature (°C) 0.22122 29.082607 <0.001

By examining Figure 14, the following can be noted for each indicator:

Proportion of urban green space: we can observe that the majority of the LUZ at
south-east Europe (within Italy, Greece and Bulgaria) belong to a low-low cluster
while the corresponding mean temperature to a high-high cluster. However, this fact
may be considered as incidental as this ECI is mainly related to the urban planning
policy that is followed within each LUZ

Proportion of natural area: This ECI presents a high-high cluster of a large
magnitude at north-east Europe and another significant low-low cluster at north-west
Europe. An insignificant low-low cluster is presented towards the south coastline of
Europe. However, these clusters do not seem to be related in their largest parts with
the corresponding temperature clusters expect from the opposed trends that are
observed at north-east Europe.

Proportion of agricultural area: This ECI presents low-low clusters at north-east and
north central Europe and a smaller high-high cluster at south Europe. We might say
that this ECI could be correlated to temperature as it follows the pattern of
temperature clusters.

Number of inhabitants per area: This ECI presents a low-low cluster at north-east
Europe and a smaller one at north-central Europe. However, these clusters do not
seem to be related in their largest parts with the corresponding temperature cluster.

Concerning the clusters that are formed by the mean temperature towards the LUZ, the
mean temperature within the LUZ presents low-low clusters at north Europe, insignificant
clusters at middle Europe and high-high clusters at south Europe.

On the basis of the above, it has been decided that the thresholds that will be proposed
will correspond to their European-wide mean values expect from the Proportion of
agricultural area ECI for which three thresholds will be proposed according the temperature
cluster to which the LUZ belongs to.
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Figure 14 (a) to (e): The formed clusters of each of the indicators that present significant spatial autocorrelation and the
temperature cluster, as defined by the application of the Cluster and Outlier Analysis method.
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5.4. Suggested ECI Thresholds

The suggested thresholds are addressed to the entire territory of Europe except from the
one that corresponds to the “Proportion of agricultural area” ECI (Table 17) which is
assigned three thresholds in accordance with the temperature cluster that the LUZ or core
belong to (Figure 14). It is noticeable that the suggested thresholds for the said ECI decrease
while moving from South to North Europe for both spatial levels.

A general perception of the results indicates that the land uses that prevail over the other
for the LUZ as well as for the core spatial levels are the agricultural land uses but though for
the LUZ the natural areas come second, for the cores the impervious surfaces follow. We
may notice that the greater deviation between the thresholds of the different spatial levels is
observed for the ‘“Number of inhabitants per area” ECI (71.95%) while the smallest
difference is observed for the “Proportion of natural area” ECI.

The suggested thresholds for the city cores appear to be larger than the corresponding for
the LUZ in the cases of the “Proportion of urban green space”, “Proportion of impervious
surface”, “Proportion of abandoned area” and “Number of inhabitants per area” ECIL.

Table 17: The suggested thresholds for each ECI for the LUZ and city cores spatial levels and their
corresponding territories. The South, Central and North Europe territories correspond the respective HH, not
significant and LL temperature clusters that are presented in Figure 14. The deviation column expresses the
proportional difference of the city core thresholds in accordance to the LUZ thresholds.

) ] Spatial Level Deviation

No ECI Units Territory LUZ  City Core (%)
1 Proportion of urban green space % Europe 1.69 5.27 67.93
2 Proportion of impervious surface % Europe 14.99 30.06 50.13
3 Proportion of natural area % Europe 25.00 18.74 -33.40
4 Proportion of protected area % Europe 17.76 11.49 -54.57
South Europe 67.88 56.18 -20.83
5 Proportion of agricultural area % Central Europe  56.21 38.07 -47.65
North Europe 50.02 32.52 -53.81
Proportion of abandoned area % Europe 0.16 0.43 62.79
Number of inhabitants per area (num./ha)  Europe 4.96 17.68 71.95
Artificial area per inhabitant (m2/inh.)  Europe 509.80 314.26 -62.22
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5.5. Juxtaposition of the Suggested ECI Thresholds to ES

The outcome of the juxtaposition of the suggested thresholds to ES, which will be a
measure for the suggested thresholds (7able 17) credibility, is heavily dependent on the type
of the correlation that the ECI with the ES which is based on scientific literature (7able 18).
We may notice the differentiation of the UHI effect correlations in relation to the ROS the
NO:> removal by urban vegetation ESI which is attributed to the fact that the UHI effect is
not an ES itself, but it is linked to climate regulation ES in an inversely proportionate way.

Table 18: The correlation between ECI and ESI based on scientific literature.

Type of correlation to ES
ECI NO; removal by ROS UHI effect
urban vegetation

Proportion of urban green space + + -
Proportion of impervious surface - - +
Proportion of natural area
Proportion of protected area
Proportion of agricultural area
Proportion of abandoned area
Number of inhabitants per area - - +
Artificial area per inhabitant + + -

Concerning the “NO:2 removal by urban vegetation” ESI values’ spatial distribution,
both the examined spatial levels present a similar pattern (Figure 15). A general perception
of Figure 15 indicates that the majority of the European LUZ correspond to relatively low
or medium values. However, the majority of the LUZ and cores that are located within the
borders of Finland and Sweden as well as Portugal present high to very high percentages.
Furthermore, according to the same figure, Stockholm is the only European capital with high
values at both spatial levels. In general, the magnitude of the LUZ values does deviate much
from the respective magnitude of the cores.

As regards the “NO> removal by urban vegetation” ESI and its relation to the suggested
thresholds, the threshold which is given credence for both the spatial levels of LUZ and city
cores corresponds to the “Proportion of natural area” ECI (7able 17). That is because the
percentages that represent the number of LUZ and cores that positively surpass both the
threshold and the average ESI value, to the total number of the said LUZ and cores are
68.42% and 70.87% respectively. Furthermore, there are two ECI whose respective
proportions also surpass the 50% and these are the “Proportion of impervious surface” and
“Proportion of protected area” ECI.

The majority of the proportions presented at 7able 19 exceed the 40% for both the
examined spatial levels, except from the ones that correspond to the “Proportion of
agricultural area” ECI. Finally, the total number of LUZ and cores which surpass the average
“NO; removal by urban vegetation” ECI values are 133 and 131 respectively.
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Figure 15 (a) LUZ spatial level (b) city core spatial level: the “ NOz2 removal by urban vegetation ” ESI,
classified in five classes by the natural break method, modified to incorporate the mean value of the
indicator as the lower limit of the “medium” class.
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Table 19: The number of LUZ and cores which positively surpass the suggested ECI threshold as well as the
number and proportion of them which also surpass the average “NO: removal by urban vegetation” ESI
values. An ECI value positively surpasses the threshold when it is greater than the threshold for the indicators
that share a positive correlation with the ES and less than the threshold for the indicators that share a negative
correlation with the ES. Proportions equal or greater to 50% are considered to give credence to the respective
suggested ECl threshold and are in bold.

(A) (B) (€)

Number of LUZ or Number of the LUZ or Proportion (%) of
EcI c'o'res which cores of column (A) which the LUZ or cores
positively surpass ALSO surpass the average of column (B) to
the suggested ECI “NO2removal by urban the LUZ or cores

threshold vegetation” ECI value of column (A)
Luz CORE LUz CORE LUz CORE
Proportion of urban green space 94 121 44 51 46.81 42.15
Proportion of impervious surface 196 90 90 47 45.92 52.22
Proportion of natural area 133 127 91 90 68.42 70.87
Proportion of protected area 112 90 56 43 50.00 47.78
Proportion of agricultural area 154 139 34 33 22.08 23.74
Proportion of abandoned area 90 108 37 38 41.11 35.19
Number of inhabitants per area 208 192 90 86 43.27 44.79
Artificial area per inhabitant 127 117 61 54 48.03 46.15

Concerning the “ROS” ESI values’ spatial distribution, aggregates of LUZ and cores that
correspond from high to very high indicator values are mainly found within the borders of
Germany, Sweden, Finland, the Baltic countries and Greece (Figure 16). LUZ and cores that
are lagging behind concerning this ES are mainly observed at southern United Kingdom and
northern France. In general, the magnitude of the ESI values that refer to the LUZ does
deviate much from the respective magnitude of the cores.

Concerning the “ROS” ESI relation to the suggested ECI thresholds, three thresholds are
given credence for both spatial levels and these correspond to the following ECI: “Proportion
of natural area”, “Proportion of protected area” and “Proportion of impervious surface”
(Table 20). In fact, the “Proportion of natural area” ECI corresponds to very high percentages
for both the LUZ and city core spatial levels which are 70.68 and 70.08 respectively.
Furthermore the “Number of inhabitants per area” and ‘“Artificial area per inhabitant” per
area ECI correspond to percentages higher than 50% only for the LUZ spatial level (7able
20). The lowest proportions for both spatial levels correspond to the “Proportion of
agricultural area” ECI.

Finally, it should be mentioned that the total number of LUZ and cores which surpass the
average “ROS” values are 136 and 12 respectively.
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Figure 16 (a) LUZ spatial level (b) city core spatial level: the “ROS ” ESI, classified in five classes by the
natural break method, modified to incorporate the mean value of the indicator as the lower limit of the
“medium” class.
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Table 20: The number of LUZ and cores which positively surpass the suggested ECI threshold as well as the
number and proportion of them which also surpass the average “ROS” ESI values. An ECI value positively
surpasses the threshold when it is greater than the threshold for the ECI that share a positive correlation with
the ES and less than the threshold for the ECI that share a negative correlation with the ES. Proportions equal
or greater to 50% are considered to give credence to the respective suggested threshold and are in bold.

(A) () ()
Number of LUZ or Number of the LUZ or Proportion (%) of
Ecl cores which cores of column (A) which the LUZ or cores
positively surpass ALSO surpass the average of column (B) to
the suggested ECI “ROS” ECl value the LUZ or cores
threshold of column (A)
LUz CORE LUz CORE LUz CORE
Proportion of urban green space 94 121 31 44 32.98 36.36
Proportion of impervious surface 196 90 105 49 53.57 54.44
Proportion of natural area 133 127 94 89 70.68 70.08
Proportion of protected area 112 90 73 61 65.18 67.78
Proportion of agricultural area 154 139 42 36 27.27 25.90
Proportion of abandoned area 90 108 29 32 32.22 29.63
Number of inhabitants per area 208 192 109 87 52.40 45.31
Artificial area per inhabitant 127 117 72 50 56.69 42.74
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Figure 17 : LUZ spatial level, the UHI effect, classified in five classes by the natural break method, modified
to incorporate the mean value as the lower limit of the “medium” class. The UHI effect values concern the
LUZ as well as the core spatial levels.
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Concerning the UHI effect’s values spatial distribution, an aggregate of very high values
is observed at northern Italy (Figure 17) while aggregates of high values are mainly observed
at central United Kingdom, northern Spain, southern France, west Germany, central Italy,
southern Poland and northern Romania. As regards the European capitals, the majority of
them correspond from medium to low values with the Exception of Sofia (Bulgaria) which
corresponds to very low UHI values. There also cases of some LUZ where there is an
absence of the phenomenon and these are mainly found within the borders of Spain and
Bulgaria.

As regards the relation between the UHI effect and the suggested ECI thresholds, the
thresholds that are considered that are being given credence by the current juxtaposition for
both the examined spatial levels, correspond to the “Proportion of impervious surface” and
“Artificial area per inhabitant” ECI (7able 21). The lowest percentage corresponds to the
“Artificial area per inhabitant” ECI for the LUZ spatial level and is 31.50% meaning that the
30% approximately of the LUZ that have high indicator values also have high UHI values.
Furthermore, percentages less than 50% also correspond to the “Proportion of protected
area”, “Proportion of agricultural area”, “Proportion of abandoned area and “Number of
inhabitants per area” ECI for the LUZ spatial level and to the “Proportion of urban green
space” and “Proportion of natural area” for the city core spatial level.

Table 21: The number of LUZ and cores which positively surpass the suggested ECI threshold as well as the
number and proportion of them which also surpass the average UHI effect values. In the case of the UHI effect,
an ECl value positively surpasses the threshold when it is greater than the threshold for the ECI that share a
negative correlation with the UHI effect and less than the threshold for the ECI that share a positive correlation
with the UHI effect. Proportions equal or less than 50% are considered to give credence to the respective
suggested threshold and are in bold.

(A) (B) (€

Number of LUZ or Number of the LUZ or Proportion (%) of
ECi cores which cores of column (A) which the LUZ or cores
positively surpass ALSO surpass the average of column (B) to
the suggested ECI “UHI” effect value the LUZ or cores
threshold of column (A)
LUz CORE LUz CORE LUz CORE
Proportion of urban green space 94 121 54 36 57.45 29.45
Proportion of impervious surface 196 90 77 33 39.29 36.67
Proportion of natural area 133 127 72 60 54.14 47.24
Proportion of protected area 112 90 53 54 47.32 60.00
Proportion of agricultural area 154 139 59 91 38.31 65.47
Proportion of abandoned area 90 108 42 60 46.67 55.56
Number of inhabitants per area 208 192 85 102 40.87 53.13
Artificial area per inhabitant 127 117 40 56 31.50 47.86
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6. Discussion

The current study is very much dependent on the available spatial data that were used as
input for its analysis. The primary source of these data, which were freely available and
easily accessible, was the EEA. For the data to be relevant and usable, they need to be
comparable based on agreed standards and concerning the EEA ‘s spatial data, there are EU
initiatives aimed at addressing spatial data standardization, interoperability and availability
issues (Jensen, 2014). In any case, special care was given by the current study to incorporate
data of comparable scales that would facilitate the analysis for all the examined spatial levels
(LUZ, city core, intermediate zone). An exception were the data that concerned the
temperature and precipitation which did not allow for a discrimination between the LUZ and
the city core spatial levels.

The study provided a comparative perspective for the EC of the EU cities with population
larger than 100.000 inhabitants. What makes these different cities across Europe
environmentally comparable is the fact that the respective countries are all members of the
EU and should conform to the EU’s environmental regulation and directives to reach an
objective of common interest. The comparability amongst the under-study cities is enhanced
by the fact that the same specification for the “city-area” is used for all of them either for the
LUZ or for the core spatial level. However, it should be noted that the city cores which
correspond to political and administrative boundaries are not always strictly comparable
between countries because economic activity, health services, air pollution etc. cross a city’
s administrative boundaries (Feldmann, 2008). On the other hand, the LUZ may capture this
extended spatial level as it is based on commuter flows and includes the core city and its
commuter belt. Yet, it is important to mention that data at a city level are sometimes less
comparable between countries than regional or national statistics despite the efforts to
harmonize concepts definitions and the response behavior may differ. (Feldmann, 2008).

Concerning the methodology that has been followed to identify the territories for which
different ECI thresholds are suggested and was based on the spatial correlation that climate
factors may share with the under study ECI, it should be noted that the results of the cluster
analysis may, in some measure, be biased by for example national legislations or towards
cities with large amounts of natural areas. However, the main concept behind the selection
of this method is that in regions prone to high temperatures and heavy precipitation, the need
of ES to handle these events is larger than other regions and that is why the ECI thresholds
should differentiate. In fact, Fang et al. (2018) proved that the value of certain ES is
significantly affected by meteorological factors, especially precipitation. The climate
conditions that have been presented by the current study, showed a notable spatial correlation
between the “Proportion of agricultural area” ECI and the temperature for the examined
LUZ. However, these climatic conditions are dynamic and continuously changing as climate
change is already happening and according to UNFCCC (1992), it is attributed directly or
indirectly to human activity that alters the composition of the global atmosphere and which
is in addition to natural climate variability observed over comparable time periods. Increased
anthropogenic activities that are relative to the cities and their surroundings such as
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industrialization, urbanization, deforestation, agriculture, change in land use pattern etc. may
lead to emission of greenhouse gases due to which the rate of climate change is much faster
(Mahato, 2014). It could be said that the estimation of the ECI and respective thresholds that
the current study suggests quantifies these anthropogenic activities, mainly in terms of urban
landuses, and could function as an alarm for the authorities to proceed to the incorporation
of climate adaptation strategies when needed.

Climate adaptation strategies may involve a wide variety of practices that mainly promote
the boost of the urban GI. The climate adaptation benefits of GI are generally related to its
ability to moderate the expected increases in extreme precipitation or temperature (Foster et
al.,2011). Some wide known contemporary practices that are implemented to enhance urban
GI include green, blue, and white roofs; hard and soft permeable surfaces; green alleys and
streets; urban forestry; green open spaces such as parks and wetlands; and adapting buildings
to better cope with floods and coastal storm surges (Foster et al., 2011) (Figure 18). Taking
into consideration the ECI and their thresholds, the policy makers could form an opinion
about the condition of the respective urban ecosystem while acknowledging that the “good
condition” of a city, reflects a “good” or “desired” balance between green and built
infrastructure (Maes et al., 2016).

dapting buildings

o better cope with Hard and soft
floods and coastal ermeable surfaces

storm surges ‘

reen open spaces

Green alleys and
streets

Urban forestry

such as parks and
wetlands

Figure 18 : Possible actions that the cities could take to enhance the urban Gl according to Foster et al.
(2011)

The fact that the study estimated relative and not fixed impact ECI thresholds subserves
the thresholds to have relevance in all parts of the EU, fact that may allow the results of
relative studies from different parts of the EU to fit together seamlessly (Zhang et al., 2011).
Concerning the acceptance that has been made by the current study that the “suggested ECI
thresholds are given credence if the majority of the LUZ or city cores whose ECI values
surpass the threshold values also surpass the average values of the respective ESI”, we might
say that it involves the risk of generalization although it is used in the context of the
comparative perspective that the study attempts to provide.

Amongst all the examined ECI and respective thresholds, the one that seems to share the
strongest relation with the studied ES and the UHI effect is the “Proportion of natural
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area” for both the examined spatial levels (Tables 19 to 21). On the other hand, the results
indicate that the “Proportion of urban green space” may only play a critical role in the
counterbalancing of the UHI effect at city core level (7able 21). This dominance of the
natural areas against the urban green spaces, in relation to the ES, is largely connected to the
“Urban Atlas” land use classification as well as to the selection of the “Urban Atlas” landuses
for the estimation of the ECI by the current study. However, if combined, the land uses that
these two ECI involve, compose the urban GI of each LUZ or core which “influences the
capacity to provide services across a range of scales” (Maes et al., 2014). Actually, Figure 5
and Figure 6, if juxtaposed show that the two ECI may compensate one another in several
cases. As regards the relation between the GI and UHI effect which is underpinned by the
current study (7able 21), it confirms the statement of Gill et al. (2007) that greenspace is an
‘environmental capital’ that can be utilized to mitigate the adverse effects of the UHI,
extreme heat events, and climate change. Concerning the “Proportion of Agricultural
area” ECI, the results show that is related to the UHI effect for the LUZ spatial level (Table
21). In fact, according to Dubbeling and de Zeeuw (2011), Urban and Peri-Urban Agriculture
(UPA) may provide services of reducing the UHI effect by providing shade and enhanced
evapotranspiration. As regards the “Proportion of impervious surface” ECI, it seems to be
related to both the two examined ES and more strongly to the UHI effect, fact that confirms
the findings of Xu (2010) which have revealed a strong positive exponential relationship
between impervious surface and LST which suggests that an increase in built-up land
percentage would exponentially accelerate LST rise and UHI development.

The results show that “Proportion of protected areas” ECI is related to the ROS ES at
both the examined spatial scales as well as to the “NO, removal by urban vegetation” ES and
the UHI effect in LUZ spatial level. These results support the claiming that although the
primary purpose of Natura 2000 network is the conservation of biodiversity and the
sustainable development of activities, the network also provides a range of ES and co-
benefits related to health and social well-being (Brink et al.,2016). It is worth to mention
here that “Urban areas are surprisingly rich in biodiversity, hosting a great variety of species
and habitats, some of which are rare and threatened on a European scale” (Sundseth and
Raeymaekers, 2006). Furthermore, the Natura 2000 network, which appears to cover large
areas of several LUZ and cores (Figure 9), could act as a protective shield to the existent GI
of the European cities as the cities that involve Natura 2000 sites are obliged to conform to
the relative legal provisions which should be considered within a wider urban policy context.
For example, Article 6 of the Habitats Directive and Article 4 of the Birds Directive require
Member States to ensure that, within Natura 2000 sites damaging activities are avoided that
could significantly disturb the species or deteriorate the habitats for which the site designated
and that positive conservation measures are taken, where necessary, to maintain and restore
these habitats and species to a ‘favorable conservation status’ in their natural range (Sundseth
and Raeymaekers, 2006).

An ECI that, according to the results, has no obvious connection to the ES services and
is weakly related to the UHI effect (7Table 21), is the “Proportion of abandoned area”.
However, the abandoned areas of a city could contribute to a future enhancement of the
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urban GI as they could be regarded as a further potential that the cities have to obtain more
urban GI. In other words, the indicator could express the proportion of the areas that are
“waiting to be used” or re-used as parks, sports or leisure facilities etc. An example of a city
that is planning to take advantage of its vacant land to obtain more GI is Bari (Italy). An
amount of vacant residual places in Bari which are selected by the respective initiative, are
to be turned into properly managed green spaces that are integrated into new neighborhoods
(DeBellis and Lubisco, 2016).

The “Number of inhabitants per area” ECI is related to the ROS ES and UHI effect for
the LUZ spatial level (7able 20, Table 21). Concerning the relation to UHI, it has been
supported by a case study (Mallick and Rahman, 2012), which showed that population
density is one of the main contributing factors for the high surface temperature, UHI intensity
and also micro-climate. Finally, the “Artificial area per inhabitant” ECI which is related
to landuse intensity i.e. it is a combination of the population density with the proportion of
impervious surfaces is, according to the findings of the current study, related to the UHI
effect in both the examined spatial levels (Table 21).

Overall, the results that concern the exploration of relation between the ECI thresholds
and the ES, imply that there is a positive relation between the EC and the examined ES which
according the 4" MAES report requires more scientific underpinning (Maes et al., 2016).

Another outcome of the study is that, according to the results, the national legislations
regarding the urban planning policies, play a determinant role to the cities” EC. More
specifically, the results show that in most cases there is a homogeneity of the ECI’s classes
within the national borders. On the other hand, a general heterogenicity is observed between
the northern and southern countries regarding their EC: the northern countries generally
present higher ECI values that are positively correlated to ES and lower ECI values for the
ones that are negatively correlates to ES. In fact, it has been noted by the NALAS Urban
Planning Task Force (2011), that many of the countries in South-East Europe are challenged
by an insufficient legal framework and insufficient implementation of plans which amongst
other produce dysfunctions in terms of green spaces. In any case, urbanization in Europe
should be accompanied with additional growth of GI which provides services that are as
important as other urban infrastructure (Maes et al., 2014).

Updating the “Urban Atlas” dataset at regular intervals and re-estimating the under-study
ECI might create the conditions of a successful monitoring of the ECI and maybe to reveal
potential trends in their values. Furthermore, the monitoring of the under-study ECI, in long
term, might enhance the answering of questions like the following:

e Are each ECI values increased or decreased?

e What is the spatial distribution of the LUZ or city cores that present the most
noteworthy changes in their values?

e What are the factors that these changes may be attributed to? Did the corresponding
LUZ or cores implemented climate adaptation strategies?

e Do the respective ESI and the UHI effect present proportionate changes of their
values?

e Do the European-wide averages of the ECI present an increase or a decrease?
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The answers to the above questions could be the basis to form managerial decisions that
may concern either the EU as a whole or each city as a unit. These decisions should of course
pay respect to the national and international legislation and should look ahead to the future
of the EU as a whole and its cities individually in terms of environmental sustainability.
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7. Conclusions

The study has attempted to define empirically derived relative thresholds in two spatial
levels (LUZ, city core) for eight urban ECI that the 4™ MAES report proposes and to
juxtapose the results to two ESI and the UHI effect to examine their relation. According to
the 4" MAES report, the assessment of the thresholds in different spatial levels, serves the
purpose of providing a structured framework that can be implemented at a local,
metropolitan and regional level as a support of policies and planning purposes. Apart from
this objective, the study has pointed out contradictions that the ECI present between the
examined spatial levels. A significant outcome of the study is the quantification of the large
deviations of the ECI between the urban (city core) and metropolitan (LUZ) scale, which
points out that there are fundamental differences relative to the land use types and respective
areas between them and by extension to their EC and deriving ES. This differentiation has
been further explored by estimating the ECI for the area in between the city core and its
surroundings which revealed an added value that this intermediate zone has to the ES
provided, fact that needs to be considered when implementing climate adaptation strategies.

Since growing cities heavily depend on the supply of the ES which are necessary to
sustain healthy urban living conditions and vibrant commerce (Ervin et al. 2012), the
assessment of the urban EC through an indicator framework could be a useful aiding tool for
the policy-makers to safeguard the ES provided. The study concluded that the relative
national policies may have an imprint on the ECI at the LUZ and city core spatial levels and
that most commonly countries of southern Europe are lagging behind concerning their urban
EC in accordance with the northern ones. A significant differentiation between the southern
and northern EU countries concerns their climate and especially their temperature which
showed a notable spatial correlation to the examined ECI which is based on agricultural land
uses.

The majority of the suggested ECI thresholds, are related to the examined ES and UHI
effect either in LUZ or city core spatial levels or in both. Amongst the examined ES and the
UHI effect, the latter is the one that seems to be more affected by the under-study ECI.

The current study looks forward to work as an aiding tool for policy makers to form a
general overview of the EC of the LUZ or core, yet it should be noted that the incorporation
of existing or new policy targets and ambitions would lead to a more legitimate and
justifiable decision-making.
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L9

APPENDICES

A : ESTIMATED INDICATORS /LUZ SPATIAL LEVEL

Proportion Proportion Proportion Proportion Proportion of Proportion Artificial Number of
Order LUZ Area of urban of natural . of of impervious of area per inhabitants
No Country Cities/LUZ green area agricultural abandoned surface protected inhabitant per area
space area area area

Km2 (%) (%) (%) (%) (%) (%) (m2/person) | (number/ ha)

1 | Austria Graz 1230.60 0.70 54.42 28.78 0.17 10.39 0.05 578.60 2.90
2 | Austria Innsbruck 2093.52 0.28 34.52 60.30 0.05 3.47 17.38 403.64 1.28
3 | Austria Linz 1744.69 1.27 22.94 59.95 0.15 11.53 4.11 569.29 3.01
4 | Austria Salzburg 1743.88 0.84 49.97 39.72 0.11 6.72 5.34 541.44 1.90
5 | Austria Wien 4618.18 2.06 26.93 56.68 0.11 10.66 45.01 356.89 4.59
6 | Belgium Antwerpen 944.40 3.40 17.95 36.08 0.23 27.86 17.46 479.83 9.58
7 | Belgium Brugge 412.28 1.48 10.23 64.89 0.24 18.16 24.57 619.55 4.02
8 | Belgium Bruxelles/Brussel 1623.95 3.78 12.82 48.37 0.34 20.89 9.07 357.36 10.86
9 | Belgium Charleroi 619.21 1.71 15.07 54.70 0.33 19.32 1.69 485.33 6.23
10 | Belgium Gent 539.89 2.55 7.77 47.79 0.23 29.87 1.75 607.39 7.32
11 | Belgium Liege 1055.98 1.56 20.24 50.34 0.39 18.30 4.74 497.94 5.91
12 | Belgium Namur 397.41 1.69 25.03 51.25 0.12 11.93 4.25 685.75 3.46
13 | Bulgaria Burgas 1396.09 0.18 29.44 62.86 0.03 6.53 28.87 459.52 1.68
14 | Bulgaria Pleven 1791.97 0.72 11.76 81.88 0.07 4.36 16.50 595.24 1.07
15 | Bulgaria Plovdiv 1226.72 0.37 31.32 57.35 0.13 9.21 16.74 311.38 3.64
16 | Bulgaria Ruse 892.61 1.35 15.55 76.19 0.08 5.89 29.40 377.31 2.19
17 | Bulgaria Sofia 3419.66 0.72 41.79 46.06 0.07 9.08 33.02 322.92 3.76
18 | Bulgaria Stara Zagora 85.48 3.33 23.95 47.03 0.13 23.63 0.02 167.59 17.32
19 | Bulgaria Varna 880.72 0.91 30.69 54.07 0.10 11.69 55.69 395.64 3.85
20 | Bulgaria Vidin 517.50 0.48 16.38 75.00 0.05 6.63 11.66 543.00 1.59
21 | Cyprus Lefkosia 2712.36 0.29 0.46 90.71 0.24 6.77 30.09 875.13 1.01
22 | Czech Republic Brno 3300.64 0.66 37.76 50.72 0.12 8.04 3.76 515.98 2.23
23 | Czech Republic Ceske Budejovice 1624.54 0.72 37.90 53.57 0.01 6.33 13.25 777.30 1.10
24 | Czech Republic Hradec Kralove 876.00 0.95 18.64 69.78 0.04 8.61 4.63 632.11 1.83
25 | Czech Republic Jihlava 1178.70 0.53 32.95 60.54 0.01 4.67 0.74 707.12 0.92
26 | Czech Republic Karlovy Vary 1621.36 1.41 47.96 45.11 0.02 4.33 59.56 921.51 0.75
27 | Czech Republic Liberec 1328.97 1.03 52.46 35.80 0.08 7.73 13.13 630.83 1.86
28 | Czech Republic Olomouc 1617.25 0.52 33.94 57.10 0.03 7.45 37.52 631.73 1.42
29 | Czech Republic Ostrava 3885.90 1.44 34.87 49.48 0.07 11.62 30.13 522.17 3.00
30 | Czech Republic Pardubice 890.91 1.21 27.82 59.54 0.03 9.11 3.72 699.76 1.81
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Proportion

Proportion

Proportion

Proportion

Proportion Proportion of Artificial Number of
Order LUZ Area of urban of natural . of of impervious of area per inhabitants
No Country Cities/LUZ green area agricultural abandoned surface protected inhabitant per area
space area area area

Km2 (%) (%) (%) (%) (%) (%) (m2/person) | (number/ ha)
31 | Czech Republic Plzen 3103.01 0.66 39.67 51.72 0.02 6.47 1.92 758.15 1.14
32 | Czech Republic Praha 6974.53 1.72 25.04 60.71 0.10 10.26 5.66 511.74 2.78
33 | Czech Republic Usti nad Labem 874.66 1.30 43.29 40.38 0.08 12.75 27.93 585.67 2.79
34 | Czech Republic Zlin 1032.07 0.68 47.78 42.38 0.03 6.91 8.40 519.60 1.89
35 | Denmark Aalborg 6165.73 1.19 12.86 76.14 0.05 7.65 14.55 1370.83 0.80
36 | Denmark Aarhus 4538.88 1.23 18.30 68.55 0.03 8.91 7.51 932.14 1.41
37 | Denmark Kobenhavn 3002.11 4.14 21.91 48.37 0.21 25.37 22.35 494.38 6.01
38 | Denmark Odense 3491.38 1.20 10.92 75.22 0.03 9.77 10.96 1025.85 1.35
39 | Estonia Tallinn 4340.43 0.61 57.33 35.08 0.05 5.32 19.10 627.19 1.21
40 | Estonia Tartu 3000.56 0.19 46.38 48.53 0.01 4.20 18.59 1020.35 0.50
41 | Finland Helsinki 3111.44 2.44 54.30 25.97 0.05 11.09 5.98 512.12 3.85
42 | Finland Oulu 3768.37 0.70 68.90 25.43 0.01 3.19 6.64 1132.17 0.50
43 | Finland Tampere 2378.05 1.36 74.79 14.56 0.04 6.24 1.00 854.40 1.25
44 | Finland Turku 1756.29 1.36 50.09 34.91 0.07 9.14 2.54 910.44 1.65
45 | France Aix-en-Provence 1293.21 0.91 18.29 62.23 0.19 13.39 42.37 757.77 2.57
46 | France Ajaccio 1015.02 0.25 14.81 78.78 0.03 4.42 3.99 851.73 0.75
47 | France Amiens 1769.08 0.84 13.82 76.62 0.05 5.96 2.33 624.68 1.53
48 | France Besancon 1668.63 0.45 46.52 43.27 0.07 7.21 18.43 766.55 1.33
49 | France Bordeaux 3890.84 1.02 56.98 25.79 0.10 12.33 5.20 724.41 2.38
50 | France Caen 1625.42 1.00 7.14 77.16 0.05 11.35 0.87 688.31 2.28
51 | France Clermont-Ferrand 1818.94 1.08 23.34 62.06 0.09 10.09 9.32 648.62 2.25
52 | France Dijon 2279.98 0.95 37.80 53.36 0.07 6.11 23.84 617.09 1.43
53 | France Grenoble 1601.27 1.04 52.99 33.31 0.10 9.02 13.73 425.95 3.21
54 | France Le Havre 641.09 2.02 7.14 67.22 0.68 18.61 10.56 553.99 4.63
55 | France Lens - Liévin 239.79 4.86 7.39 51.27 0.24 28.09 0.00 395.33 10.46
56 | France Lille 612.78 4.18 2.44 47.73 0.87 34.54 0.00 279.88 17.81
57 | France Limoges 1836.16 0.60 28.57 58.01 0.08 8.25 1.36 993.98 1.35
58 | France Lyon 3318.53 1.67 20.03 57.39 0.27 16.38 21.45 455.11 4.96
59 | France Marseille 605.93 4.30 11.97 49.16 0.28 27.91 38.84 240.24 16.18
60 | France Metz 1839.02 1.19 23.04 64.31 0.10 9.22 6.40 541.70 2.34
61 | France Montpellier 591.14 3.25 20.08 48.81 0.45 21.91 33.88 445.29 6.99
62 | France Nancy 1835.85 1.12 32.98 55.93 0.09 7.93 2.10 496.01 2.24
63 | France Nantes 2307.43 1.77 9.04 70.54 0.09 13.61 21.59 662.59 3.08
64 | France Nice 329.19 2.06 35.20 26.89 0.15 24.15 38.38 254.76 14.88
65 | France Orleans 2070.53 1.17 36.69 50.97 0.04 9.27 33.04 718.23 1.72
66 | France Paris 12068.57 3.15 24.14 52.08 0.12 15.63 10.75 262.08 9.07
67 | France Poitiers 1760.75 0.92 18.78 69.28 0.11 8.30 9.70 1004.43 1.19
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68 | France Reims 1793.55 0.70 14.60 75.76 0.04 7.70 1.80 592.58 1.63
69 | France Rennes 2558.43 0.67 10.96 73.32 0.04 12.64 1.07 772.13 2.04
70 | France Rouen 1585.25 1.22 20.92 59.71 0.16 11.98 3.69 592.53 3.27
71 | France Saint-Etienne 570.99 2.44 27.16 47.51 0.22 17.46 6.07 376.22 6.73
72 | France Strasbourg 1368.96 1.61 20.41 61.68 0.09 13.22 14.16 400.71 4.47
73 | France Toulon 335.01 4.36 16.33 39.48 0.36 31.07 42.33 364.75 12.12
74 | France Toulouse 4040.42 0.79 11.49 70.07 0.13 13.14 1.95 772.04 2.39
75 | France Tours 1812.70 1.19 26.03 59.24 0.08 10.69 8.55 710.01 2.07
76 | Germany Augsburg 1994.43 1.10 30.70 55.11 0.09 10.30 3.21 460.52 3.08
77 | Germany Berlin 17464.26 1.52 40.67 45.88 0.03 9.34 27.97 475.82 2.83
78 | Germany Bielefeld 2924.44 1.89 21.51 56.33 0.14 16.07 11.09 503.48 4.40
79 | Germany Bonn 1294.47 2.20 33.57 41.03 0.19 18.05 15.78 373.99 6.79
80 | Germany Bremen 5897.32 1.20 15.57 70.97 0.07 9.86 11.66 643.69 2.09
81 | Germany Darmstadt 782.74 1.60 38.97 42.34 0.05 14.52 16.87 344.02 5.43
82 | Germany Dresden 2618.39 2.03 31.70 51.44 0.15 11.85 24.25 489.61 3.44
83 | Germany Dusseldorf 1201.18 4.42 16.75 44.76 0.19 29.27 3.00 304.08 12.66
84 | Germany Erfurt 2857.18 1.35 26.39 62.42 0.08 8.02 26.61 579.82 1.93
85 | Germany Essen 4438.53 5.13 21.32 39.26 0.29 27.90 6.86 326.43 12.07
86 | Germany Frankfurt (Oder) 148.32 4.05 31.68 47.69 0.46 13.67 15.36 424.52 4.86
87 | Germany Frankfurt am Main 4300.38 2.24 38.87 41.99 0.08 13.99 16.21 330.08 5.80
88 | Germany Freiburg im Breisgau 2211.18 1.19 48.76 40.29 0.06 9.70 33.89 405.37 2.70
89 | Germany Gottingen 2387.57 0.87 38.14 52.72 0.07 6.48 15.94 523.84 1.74
90 | Germany Halle an der Saale 1574.26 2.20 8.98 73.81 0.21 12.52 8.31 582.07 2.96
91 | Germany Hamburg 7211.75 2.27 20.01 61.06 0.09 13.35 13.56 442.22 4.27
92 | Germany Hannover 2973.59 2.80 24.17 56.42 0.12 13.20 9.39 449.26 4.32
93 | Germany Karlsruhe 1258.54 2.00 36.47 42.83 0.14 15.20 34.11 373.12 5.55
94 | Germany Kiel 3381.64 1.29 17.63 70.41 0.04 8.31 13.88 636.71 1.88
95 | Germany Koblenz 922.62 0.99 34.32 47.92 0.10 13.91 28.04 514.02 3.45
96 | Germany K6In 1626.38 4.82 21.63 40.53 0.32 27.79 6.36 331.78 11.40
97 | Germany Leipzig 2802.04 2.77 15.59 63.92 0.13 14.77 22.04 629.47 3.26
98 | Germany Magdeburg 4327.02 1.25 22.35 66.20 0.04 8.85 14.55 818.45 1.40
99 | Germany Mainz 703.18 1.81 15.32 65.20 0.10 15.16 23.39 363.40 5.36
100 | Germany Monchengladbach 170.69 4.08 11.60 41.44 0.55 35.66 1.34 304.70 15.41
101 | Germany Munchen 5195.20 2.09 23.87 58.39 0.11 12.55 6.27 377.02 4.71
102 | Germany Nurnberg 2676.20 1.58 37.41 44.46 0.17 12.57 10.92 385.09 4.71
103 | Germany Regensburg 2364.90 0.65 32.71 56.35 0.08 7.80 7.54 629.29 1.74
104 | Germany Saarbrucken 1538.26 2.02 36.97 37.04 0.16 19.05 12.80 461.83 5.63
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105 | Germany Schwerin 4892.08 0.66 31.23 61.63 0.02 5.21 32.33 1021.79 0.70
106 | Germany Stuttgart 3653.65 3.05 33.04 44.87 0.07 15.52 24.58 308.85 7.15
107 | Germany Trier 1211.15 0.69 47.19 40.60 0.05 9.25 11.31 623.96 1.96
108 | Germany Weimar 889.49 1.35 17.68 71.93 0.07 7.38 27.77 600.53 1.73
109 | Germany Wiesbaden 1017.73 2.06 53.28 31.03 0.12 10.81 15.64 351.11 4.47
110 | Germany Wuppertal 168.36 4.81 29.45 20.22 0.52 34.66 1.10 231.09 21.78
111 | Greece Athina 3040.45 1.54 10.06 63.07 0.22 19.12 14.84 211.85 12.68
112 | Greece loannina 1326.32 0.18 31.16 61.78 0.04 5.74 42.95 751.54 0.94
113 | Greece Iraklion 604.78 0.25 0.98 88.80 0.09 7.13 19.02 321.41 3.18
114 | Greece Kalamata 441.96 0.16 12.43 81.32 0.08 4.54 21.50 396.00 1.58
115 | Greece Kavala 351.48 0.25 22.74 70.13 0.04 5.81 0.00 339.71 2.10
116 | Greece Larisa 1555.69 0.15 4.09 88.42 0.09 6.50 61.33 643.58 1.16
117 | Greece Patrai 512.97 0.64 10.21 79.05 0.20 7.50 34.87 256.97 4.18
118 | Greece Thessaloniki 1425.86 0.52 12.04 73.72 0.11 11.90 31.16 213.10 6.68
119 | Greece Volos 304.29 0.39 13.93 72.21 0.15 10.89 45.60 311.64 4.45
120 | Hungary Budapest 2522.50 2.62 25.19 41.53 0.35 24.27 22.09 342.63 9.71
121 | Hungary Debrecen 1676.71 0.34 29.18 59.88 0.10 8.52 11.88 595.87 1.84
122 | Hungary Gyor 1439.17 0.65 18.78 51.04 0.33 7.97 15.22 681.96 1.47
123 | Hungary Kecskemet 1483.05 0.43 23.28 65.78 0.21 8.68 10.78 969.17 1.13
124 | Hungary Miskolc 1006.32 0.64 34.61 53.28 0.36 8.85 44.81 432.12 2.80
125 | Hungary Nyiregyhaza 1437.65 0.28 9.36 74.30 0.20 9.15 10.38 804.81 1.54
126 | Hungary Pecs 570.66 0.66 29.56 54.92 0.13 10.62 28.30 472.84 3.28
127 | Hungary Szeged 752.92 1.08 12.75 72.90 0.25 10.34 21.64 525.57 2.73
128 | Hungary Szekesfehervar 1144.17 0.86 7.99 67.20 0.35 7.56 13.41 715.46 1.43
129 | Ireland Cork 2120.03 1.10 10.39 76.35 0.10 9.52 2.51 906.31 1.46
130 | Ireland Dublin 7016.65 2.60 9.50 75.86 0.14 9.10 11.26 687.07 2.13
131 | Ireland Galway 50.35 7.93 5.22 42.62 0.34 35.14 12.71 413.44 12.62
132 | Ireland Limerick 3523.53 0.47 15.97 75.84 0.06 6.09 18.63 1341.51 0.61
133 | Ireland Waterford 41.66 7.97 8.33 43.63 0.28 31.09 8.64 457.24 10.51
134 | Italy Ancona 408.44 1.09 3.65 75.91 0.08 15.93 5.64 408.82 5.00
135 | Italy Bari 895.61 0.66 1.07 82.60 0.18 13.81 5.56 242.17 6.74
136 | Italy Bologna 2048.31 1.04 13.19 71.39 0.05 11.50 9.47 436.81 3.53
137 | Italy Brescia 539.95 1.20 19.29 50.18 0.25 24.58 0.01 403.97 7.56
138 | Italy Cagliari 1687.54 0.47 19.74 69.10 0.06 8.71 32.88 446.90 2.50
139 | Italy Campobasso 1308.68 0.13 28.36 64.29 0.02 5.71 25.98 829.39 0.89
140 | Italy Caserta 670.80 0.46 12.74 65.44 0.11 17.17 10.81 369.83 5.90
141 | Italy Catania 587.03 0.75 3.80 66.94 0.34 21.11 8.46 301.80 9.70
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142 | ltaly Catanzaro 761.40 0.19 31.94 59.71 0.04 6.25 10.08 434.86 1.92
143 | Italy Cremona 661.33 0.67 3.12 84.59 0.02 9.99 6.70 627.74 1.96
144 | Italy Firenze 1262.67 1.03 41.82 42.20 0.04 11.95 7.45 298.12 5.36
145 | Italy Foggia 1048.12 0.19 3.58 89.62 0.07 6.09 5.78 362.11 1.88
146 | Italy Genova 924.53 0.62 63.48 21.39 0.06 9.59 31.03 193.83 7.81
147 | ltaly I'Aquila 1587.79 0.13 29.90 64.66 0.04 4.02 73.51 890.35 0.61
148 | Italy Milano 1345.10 4.91 2.96 50.60 1.17 32.38 1.15 210.20 22.10
149 | Italy Modena 641.95 1.32 3.28 73.87 0.07 17.90 1.03 480.97 4.75
150 | Italy Napoli 566.95 2.90 5.77 39.19 1.06 39.34 9.60 140.25 39.24
151 | Italy Padova 975.86 1.04 6.77 64.67 0.25 19.41 14.78 486.98 5.87
152 | Italy Palermo 1177.45 0.54 6.94 77.73 0.13 9.87 32.31 209.65 7.31
153 | ltaly Perugia 806.02 0.73 30.14 55.45 0.10 10.29 21.31 595.44 2.42
154 | ltaly Pescara 676.11 0.65 8.65 71.52 0.11 15.68 5.90 404.78 4.90
155 | Italy Potenza 1498.48 0.09 22.51 69.83 0.02 6.18 3.40 788.70 0.97
156 | Italy Reggio di Calabria 490.10 0.34 28.59 58.54 0.32 9.58 35.37 275.52 4.67
157 | Italy Roma 3595.23 2.17 16.29 56.46 0.34 16.88 14.86 297.86 9.15
158 | ltaly Salerno 949.54 0.49 39.52 42.57 0.15 14.31 61.09 444.76 4.03
159 | ltaly Sassari 1226.48 0.38 1.87 88.08 0.04 7.26 13.49 639.82 1.57
160 | Italy Taranto 1444.27 0.43 11.05 74.14 0.09 11.33 35.81 488.96 3.03
161 | Italy Torino 1879.30 1.83 23.81 51.92 0.14 16.53 8.17 270.73 8.96
162 | Italy Trento 779.16 0.34 66.85 22.68 0.04 7.94 2.34 463.19 2.26
163 | Italy Trieste 212.08 1.77 38.16 33.56 0.35 18.98 79.65 248.66 11.37
164 | Italy Venezia 1215.40 1.73 31.22 48.89 0.15 12.93 74.90 410.28 4.85
165 | Italy Verona 1207.95 1.11 15.24 60.70 0.12 18.86 6.02 537.80 4.47
166 | Latvia Liepaja 3657.31 0.21 49.08 47.87 0.06 2.47 7.81 817.31 0.37
167 | Latvia Riga 5391.65 1.14 57.88 32.26 0.12 6.63 11.34 517.05 1.91
168 | Lithuania Kaunas 1622.08 2.08 33.64 52.98 0.24 8.96 13.73 471.41 2.84
169 | Lithuania Panevezys 2228.22 0.34 33.94 60.24 0.03 4.95 23.07 798.51 0.73
170 | Lithuania Vilnius 4246.76 0.97 45.80 45.13 0.08 6.51 4.14 544.64 1.66
171 | Luxembourg Luxembourg 2595.87 0.72 36.99 51.60 0.07 8.65 32.15 674.26 1.69
172 | Malta Gozo 69.11 0.94 0.90 77.08 0.10 14.23 17.97 493.46 4.46
173 | Malta Valletta 246.70 1.30 0.56 63.72 0.40 28.81 15.30 243.02 14.70
174 | Netherlands Amsterdam 1172.48 5.17 30.60 36.64 0.56 23.51 28.20 275.33 11.90
175 | Netherlands Apeldoorn 625.04 2.66 39.76 41.32 0.10 12.98 44.26 561.63 3.37
176 | Netherlands Arnhem 488.22 4.09 25.68 45.96 0.15 20.37 39.49 407.08 6.97
177 | Netherlands Breda 498.12 2.71 15.68 57.20 0.14 20.02 13.93 450.82 6.02
178 | Netherlands Eindhoven 327.05 6.00 20.18 33.54 0.14 33.19 3.77 381.47 12.13
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179 | Netherlands Enschede 352.28 4.09 15.06 50.93 0.05 24.84 3.58 392.20 8.67
180 | Netherlands Groningen 938.09 2.25 7.96 74.71 0.07 12.60 5.75 485.11 3.57
181 | Netherlands Heerlen 211.57 4.65 12.21 46.39 0.32 30.02 4.40 328.01 12.62
182 | Netherlands Leeuwarden 452.06 2.06 4.88 77.71 0.11 13.24 5.13 505.99 3.44
183 | Netherlands Nijmegen 317.57 5.00 18.30 48.78 0.16 22.50 10.47 386.35 8.52
184 | Netherlands Rotterdam 708.66 7.10 20.51 29.17 1.85 35.96 6.83 304.29 16.54
185 | Netherlands s' Gravenhage 419.88 10.25 7.59 30.13 0.36 45.09 7.77 274.19 22.72
186 | Netherlands Tilburg 388.73 4.48 20.91 49.02 0.09 21.56 9.21 413.36 7.27
187 | Netherlands Utrecht 389.74 6.52 15.71 42.08 0.76 27.67 6.51 303.73 13.90
188 | Poland Bialystok 5114.54 0.31 37.93 55.64 0.05 5.29 63.59 627.30 1.03
189 | Poland Bydgoszcz 3404.09 0.65 34.57 57.86 0.04 6.05 9.72 441.82 1.71
190 | Poland Czestochowa 2569.54 0.43 32.18 56.85 0.05 8.11 2.74 599.45 1.83
191 | Poland Gdansk 3339.02 1.14 31.05 56.46 0.06 9.79 9.44 379.53 3.29
192 | Poland Gorzow Wielkopolski 1305.39 0.82 47.30 45.38 0.03 5.41 46.86 506.19 1.45
193 | Poland Jelenia Gora 585.65 0.95 46.32 42.98 0.04 6.86 52.17 487.21 2.20
194 | Poland Kalisz 3103.56 0.32 24.09 67.56 0.02 6.95 20.49 633.59 1.32
195 | Poland Katowice 2636.50 3.70 30.74 39.29 0.20 22.26 0.82 287.84 10.41
196 | Poland Kielce 2355.93 0.45 38.02 52.35 0.01 7.05 19.26 556.72 1.73
197 | Poland Konin 758.43 0.58 22.80 66.21 0.03 9.38 32.51 583.75 1.88
198 | Poland Koszalin 1751.06 0.58 48.30 46.42 0.02 4.05 19.55 539.69 0.98
199 | Poland Krakow 3006.27 1.26 18.12 63.18 0.14 13.30 5.66 447.17 4.18
200 | Poland Lodz 2858.23 1.07 21.43 63.55 0.10 11.36 1.51 364.42 4.12
201 | Poland Lublin 2882.37 0.73 14.07 74.63 0.04 8.38 0.50 499.55 2.26
202 | Poland Nowy Sacz 448.35 0.45 38.85 44,12 0.10 12.63 21.32 488.13 3.49
203 | Poland Olsztyn 2930.03 0.45 46.73 48.15 0.00 4.17 23.01 528.36 0.97
204 | Poland Opole 1693.23 0.49 47.59 44,11 0.06 6.36 7.18 527.60 1.57
205 | Poland Plock 1885.46 0.33 22.88 69.00 0.06 6.90 8.28 654.95 1.24
206 | Poland Poznan 3717.58 1.62 23.33 64.23 0.15 9.10 21.03 457.50 2.72
207 | Poland Radom 1630.67 0.38 25.64 64.18 0.03 8.17 28.86 446.02 2.28
208 | Poland Rzeszow 1273.58 0.66 27.51 57.08 0.16 10.64 11.76 595.21 2.59
209 | Poland Suwalki 618.33 0.34 27.62 65.58 0.02 6.05 51.91 510.99 1.33
210 | Poland Szczecin 6045.73 0.73 37.51 56.25 0.02 4.79 50.05 484.46 1.29
211 | Poland Torun 1347.17 0.94 35.32 55.01 0.08 8.12 11.93 443.22 2.18
212 | Poland Warszawa 5201.72 1.39 29.70 51.69 0.14 14.82 11.86 367.71 5.06
213 | Poland Wroclaw 4584.81 1.10 22.46 67.16 0.04 8.02 18.28 461.72 2.25
214 | Poland Zielona Gora 1627.00 0.73 55.68 37.42 0.02 5.15 15.04 544.36 1.27
215 | Portugal Aveiro 273.35 1.19 26.83 49.93 0.27 16.92 87.02 574.90 4.04
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216 | Portugal Braga 493.81 0.83 22.75 54.45 0.32 14.72 3.22 491.26 4.64
217 | Portugal Coimbra 1252.95 0.41 52.02 35.47 0.09 8.15 5.20 648.59 1.93
218 | Portugal Faro 482.17 0.28 13.02 75.75 0.14 9.20 56.94 497.67 2.26
219 | Portugal Funchal 260.95 1.35 38.85 37.26 0.41 16.72 22.48 NoData NoData
220 | Portugal Lisboa 1437.11 3.10 10.30 53.47 0.85 26.26 29.08 220.47 16.43
221 | Portugal Oporto 563.17 3.33 26.13 26.42 0.90 34.39 2.62 245.46 19.33
222 | Portugal Ponta Delgada 537.14 0.39 16.42 72.68 0.09 7.97 2.39 NoData NoData
223 | Portugal Setubal 172.83 1.28 18.95 56.44 0.23 19.21 68.28 374.24 6.58
224 | Romania Alba lulia 258.81 0.46 19.34 68.86 0.05 9.48 5.52 293.18 4.02
225 | Romania Arad 519.78 0.47 5.68 81.58 0.04 10.20 6.16 321.22 3.97
226 | Romania Bacau 220.78 0.77 32.43 48.39 0.23 15.87 14.79 186.63 10.28
227 | Romania Braila 436.03 0.41 17.76 73.43 0.04 7.51 31.50 161.23 5.46
228 | Romania Bucuresti 1074.35 1.66 12.80 57.59 0.48 25.37 6.45 149.19 19.84
229 | Romania Calarasi 245.78 0.24 8.63 82.62 0.03 7.81 14.35 243.95 3.58
230 | Romania Cluj Napoca 591.68 0.37 18.01 70.23 0.08 9.77 15.09 199.25 5.90
231 | Romania Craiova 341.31 0.89 13.88 68.04 0.16 15.06 12.92 187.84 9.62
232 | Romania Giurgiu 111.00 0.38 16.43 67.79 0.08 14.44 27.30 234.47 6.73
233 | Romania Oradea 201.11 0.83 12.54 61.08 0.23 22.42 6.38 227.06 11.62
234 | Romania Piatra Neamt 146.71 0.31 36.28 46.26 0.10 14.11 29.54 184.87 9.44
235 | Romania Sibiu 588.13 0.36 52.71 39.31 0.04 6.86 70.02 235.67 3.39
236 | Romania Targu Mures 141.35 1.09 18.03 59.15 0.06 19.48 4.48 171.73 13.28
237 | Romania Timisoara 236.84 1.59 5.48 64.21 0.39 24.34 7.48 217.14 13.96
238 | Slovakia Banska Bystrica 808.87 0.55 68.75 25.19 0.04 4.80 58.87 435.77 1.39
239 | Slovakia Bratislava 2046.23 0.95 41.11 46.06 0.09 9.67 46.40 425.28 3.01
240 | Slovakia Kosice 1776.13 0.80 44.32 46.35 0.05 6.98 61.02 476.77 1.96
241 | Slovakia Nitra 870.21 0.81 11.61 77.45 0.10 7.86 7.98 582.56 1.88
242 | Slovakia Presov 934.56 0.53 45.33 46.10 0.03 6.29 20.38 494.47 1.73
243 | Slovakia Trencin 674.03 0.44 50.45 40.63 0.06 7.13 6.07 527.72 1.69
244 | Slovakia Trnava 740.92 0.79 18.80 70.84 0.02 7.87 39.61 607.50 1.71
245 | Slovakia Zilina 813.91 0.58 61.15 29.25 0.04 7.61 58.42 497.58 1.93
246 | Slovenia Ljubljana 2555.42 0.34 61.83 27.51 0.06 7.57 31.11 557.91 1.91
247 | Slovenia Maribor 2170.60 0.26 43.74 45.73 0.05 7.56 35.26 735.28 1.43
248 | Spain Alicante/Alacant 674.98 1.93 4.38 73.67 0.11 16.62 10.96 380.23 5.77
249 | Spain Badajoz 1470.34 0.26 2.02 92.12 0.05 4.57 12.57 645.75 0.91
250 | Spain Barcelona 1800.69 2.73 31.45 33.30 0.52 32.00 27.27 159.22 22.14
251 | Spain Bilbao 983.16 1.39 47.58 36.51 0.16 11.03 10.26 167.74 9.48
252 | Spain Cordoba 1255.22 0.36 2.45 89.80 0.14 5.17 15.79 316.13 2.45
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253 | Spain Gijon 526.01 1.04 28.93 52.16 0.13 12.15 2.68 342.34 5.52
254 | Spain Las Palmas 876.81 0.55 8.24 76.75 0.32 11.19 48.44 223.02 6.73
255 | Spain Logrono 1437.03 0.44 29.81 63.65 0.02 5.27 39.00 587.83 1.11
256 | Spain Madrid 8022.04 1.93 8.22 75.76 0.10 11.43 62.88 236.99 6.76
257 | Spain Malaga 944.30 1.06 7.68 75.57 0.19 12.50 0.39 241.07 6.95
258 | Spain Murcia 1324.59 0.55 9.70 75.79 0.10 10.65 25.95 431.79 3.36
259 | Spain Oviedo 2343.82 0.30 29.28 63.08 0.01 4.97 44.97 573.38 1.33
260 | Spain Palma di Mallorca 2172.92 0.96 15.76 72.13 0.09 8.25 23.94 495.97 2.44
261 | Spain Pamplona/Iruna 4382.23 0.32 40.78 55.44 0.02 3.09 24.96 495.14 0.76
262 | Spain Santa Cruz de Tenerife 609.29 0.58 18.21 61.60 0.21 15.37 79.81 286.90 7.04
263 | Spain Santander 594.09 1.60 26.74 56.45 0.23 11.91 2.05 356.55 471
264 | Spain Sant. de Compostela 1351.65 0.36 48.63 38.65 0.04 7.42 0.60 953.62 1.33
265 | Spain Sevilla 3076.17 0.77 4.60 83.06 0.18 9.95 18.55 317.39 3.89
266 | Spain Toledo 3616.35 0.13 5.30 90.44 0.03 3.57 56.03 976.50 0.44
267 | Spain Valencia 1447.66 1.28 5.85 69.86 0.36 17.95 32.49 240.71 10.09
268 | Spain Valladolid 3036.73 0.47 13.49 79.23 0.24 5.66 7.25 528.11 1.38
269 | Spain Vigo 1430.62 1.04 34.29 47.60 0.20 10.85 2.51 489.88 3.70
270 | Spain Vitoria/Gasteiz 2314.43 0.34 39.29 54.84 0.02 4.93 32.55 557.42 1.05
271 | Spain Zaragoza 2288.99 0.55 3.71 86.64 0.24 7.91 51.41 336.28 2.87
272 | Sweden Goteborg 4221.38 1.89 63.54 22.02 0.04 7.60 4.87 715.35 2.02
273 | Sweden Jonkoping 3473.32 0.59 76.67 17.89 0.02 3.39 17.53 1295.87 0.42
274 | Sweden Linkoping 4231.93 0.65 66.13 28.28 0.01 3.66 2.32 1314.71 0.43
275 | Sweden Malmo 1857.91 3.34 10.83 70.73 0.14 10.03 5.71 638.36 2.89
276 | Sweden Orebro 3687.77 0.58 67.80 25.97 0.00 3.73 1.30 1301.91 0.48
277 | Sweden Stockholm 7162.39 2.50 65.59 18.60 0.05 6.49 2.65 621.56 2.54
278 | Sweden Umea 9812.10 0.13 85.65 11.70 0.01 1.73 7.62 1903.91 0.14
279 | Sweden Uppsala 6879.40 0.43 71.39 23.77 0.01 2.92 4.47 1368.94 0.35
280 | United Kingdom Aberdeen 6527.72 0.71 15.54 78.70 0.01 4.26 21.38 855.34 0.67
281 | United Kingdom Belfast 960.47 3.86 4.94 67.00 0.19 19.25 0.88 417.00 6.73
282 | United Kingdom Birmingham 1598.11 6.74 4.79 49.03 0.27 28.48 0.02 315.98 14.61
283 | United Kingdom Bristol 1335.71 4.44 7.26 64.45 0.14 17.00 1.59 383.80 7.37
284 | United Kingdom Cambridge 942.73 2.70 3.17 81.72 0.02 8.53 0.07 596.07 2.53
285 | United Kingdom Cardiff 1181.38 4.84 15.61 57.71 0.32 16.41 0.52 381.51 6.99
286 | United Kingdom Coventry 814.64 4.70 4.21 67.27 0.08 17.21 0.00 366.72 7.78
287 | United Kingdom Derry 387.51 1.60 6.61 79.77 0.02 10.06 0.94 502.18 2.71
288 | United Kingdom Edinburgh 1742.29 3.54 10.00 72.12 0.04 11.14 1.22 400.04 4.47
289 | United Kingdom Exeter 2452.60 1.17 12.94 75.08 0.03 8.31 2.46 688.37 1.74
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Proportion

Proportion

Proportion

Proportion

Proportion Proportion of Artificial Number of
Order LUZ Area of urban of natural . of of impervious of area per inhabitants
No Country Cities/LUZ green area agricultural abandoned surface protected inhabitant per area
space area area area

Km2 (%) (%) (%) (%) (%) (%) (m2/person) | (number/ ha)
290 | United Kingdom Glasgow 3376.50 3.51 15.52 64.94 0.14 12.31 3.68 377.16 5.18
291 | United Kingdom Kingston-upon-Hull 2495.69 1.60 3.31 84.73 0.05 8.02 2.66 535.19 2.23
292 | United Kingdom Leeds 5123.07 2.78 5.91 76.02 0.12 11.64 18.85 392.13 4.61
293 | United Kingdom Leicester 1397.45 3.36 3.87 75.15 0.11 12.63 0.00 387.69 5.41
294 | United Kingdom Lincoln 723.78 1.54 5.09 80.99 0.08 9.03 0.00 612.82 2.27
295 | United Kingdom Liverpool 646.01 13.19 3.48 34.56 0.29 37.89 5.29 293.93 21.08
296 | United Kingdom London 9094.34 7.85 12.45 49.15 0.05 20.45 3.54 300.46 12.78
297 | United Kingdom Manchester 1276.90 10.47 4.67 37.98 0.74 34.60 6.34 294.98 19.44
298 | United Kingdom Newcastle upon Tyne 3391.38 1.83 19.07 69.18 0.21 7.79 15.74 381.41 3.08
299 | United Kingdom Nottingham 903.69 4.86 7.08 62.01 0.20 18.79 0.00 343.37 9.00
300 | United Kingdom Portsmouth 198.76 9.61 7.23 28.02 0.13 37.82 5.12 263.85 24.54
301 | United Kingdom Sheffield 1866.80 3.84 9.21 65.97 0.08 14.19 35.25 366.30 6.78
302 | United Kingdom Stoke-on-trent 880.87 4.18 7.63 70.35 0.22 12.96 6.21 424.44 5.19
303 | United Kingdom Wolverhampton 477.13 3.06 8.94 64.13 0.08 17.95 0.09 375.34 7.18
304 | United Kingdom Worcester 1274.87 1.77 7.57 78.29 0.02 9.07 0.28 646.67 2.19
305 | United Kingdom Wrexham 943.48 1.63 9.51 72.98 0.07 12.40 12.87 596.29 2.94
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B : ESTIMATED INDICATORS /CORE (OR KERNEL) SPATIAL LEVEL

Proportion Proportion Proportion Proportion | Proportion | Proportion Artificial Number of
Core LUZ Area of urban of natural of of of of area per inhabitants per
Order . . .
Country Cities/LUZ or green area agricultural | abandoned | impervious | protected inhabitant area
ID Kernel space area area surface area
Km2 (%) (%) (%) (%) (%) (%) (m2/person) (number/ ha)

1 | Austria Graz core 127.43 3.61 26.63 16.56 0.85 33.49 0.15 321.23 17.68
2 | Austria Innsbruck core 104.83 1.91 31.25 45.99 0.19 15.75 47.55 211.56 10.76
3 | Austria Linz core 96.05 8.16 22.54 21.10 0.56 39.01 7.12 291.98 19.30
4 | Austria Salzburg core 65.61 7.53 17.32 24.89 0.80 36.37 0.11 266.58 21.68
5 | Austria Wien core 414.85 11.45 21.82 17.03 0.51 38.23 13.44 163.87 37.32
6 | Belgium Antwerpen core 203.92 5.13 20.54 12.19 0.38 55.80 12.21 306.51 21.95
7 | Belgium Brugge core 139.19 2.84 16.09 41.37 0.65 32.11 19.77 505.99 8.41
8 | Belgium Bruxelles/Brussel core 162.47 12.44 12.08 2.73 0.45 56.44 14.32 142.43 59.81
9 | Belgium Charleroi core 102.97 5.85 11.42 14.25 1.30 49.89 0.00 381.95 19.46
10 | Belgium Gent core 157.85 3.46 8.56 26.58 0.53 48.37 0.41 454.46 14.27
11 | Belgium Liege core 178.52 5.11 16.45 19.89 1.05 42.97 2.38 317.02 20.08
12 | Belgium Namur core 176.13 2.43 25.53 40.49 0.19 17.52 3.84 568.67 5.98
13 | Bulgaria Burgas core 255.37 0.83 24.32 58.34 0.03 15.31 43.59 222.72 7.78
14 | Bulgaria Pleven core 85.11 10.44 16.08 51.18 0.14 20.54 8.67 231.28 14.16
15 | Bulgaria Plovdiv core 101.89 3.72 3.00 49.67 0.94 39.63 8.54 139.77 33.86
16 | Bulgaria Ruse core 129.65 7.35 18.71 51.86 0.23 20.27 4.93 229.35 12.83
17 | Bulgaria Sofia core 450.02 4.13 23.54 34.77 0.31 32.31 13.04 165.59 25.18
18 | Bulgaria Stara Zagora core 85.15 3.33 23.95 47.03 0.13 23.63 0.01 167.59 17.31
19 | Bulgaria Varna core 154.00 4.21 39.18 15.97 0.35 32.73 38.13 239.41 18.73
20 | Bulgaria Vidin core 63.35 2.18 7.70 67.53 0.15 19.82 7.38 259.00 9.57
21 | Cyprus Lefkosia core 205.86 2.53 0.57 57.32 2.30 29.93 0.00 432.08 9.75
22 | Czech Republic Brno core 230.21 3.89 29.93 28.02 0.45 30.10 5.40 257.39 16.34
23 | Czech Republic Ceske Budejovice core 55.61 6.15 13.70 39.67 0.05 36.40 19.27 267.09 17.46
24 | Czech Republic Hradec Kralove core 105.70 4.10 25.13 42.39 0.20 24.36 4.66 352.32 9.22
25 | Czech Republic Jihlava core 87.87 2.96 32.08 47.16 0.05 15.19 2.71 360.55 5.76
26 | Czech Republic Karlovy Vary core 59.10 25.94 29.90 20.55 0.09 19.60 7.87 550.51 9.00
27 | Czech Republic Liberec core 106.06 5.23 44.83 20.05 0.38 23.12 0.01 375.40 9.36
28 | Czech Republic Olomouc core 103.34 3.45 13.75 54.31 0.16 26.17 13.80 321.93 9.92
29 | Czech Republic Ostrava core 303.78 5.44 20.34 32.41 0.09 25.21 5.98 440.79 10.72
30 | Czech Republic Pardubice core 82.66 6.08 14.69 47.09 0.10 28.06 0.82 347.71 10.99
31 | Czech Republic Plzen core 137.65 4.90 24.48 39.09 0.09 28.07 0.17 301.96 12.07
32 | Czech Republic Praha core 533.30 11.49 12.83 32.65 0.35 38.33 1.86 234.79 23.22
33 | Czech Republic Usti nad Labem core 93.97 4.17 40.96 26.91 0.26 23.26 0.00 316.00 10.17
34 | Czech Republic Zlin core 118.89 2.35 45.39 32.50 0.09 15.13 0.00 325.41 6.80
35 | Denmark Aalborg core 1141.30 1.45 10.29 74.76 0.07 10.15 18.11 894.62 1.67
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Proportion Proportion Proportion | Proportion | Proportion | Proportion Artificial Number of
Core LUZ Area of urban of natural of of of of area per inhabitants per
Order . . .
Country Cities/LUZ or green area agricultural | abandoned | impervious | protected inhabitant area
ID Kernel space area area surface area
Km2 (%) (%) (%) (%) (%) (%) (m2/person) (number/ ha)

36 | Denmark Aarhus core 472.45 4.13 8.22 60.73 0.10 20.03 2.21 510.62 6.08
37 | Denmark Kobenhavn kernel 527.54 9.35 9.77 24.92 0.60 44.29 11.02 298.45 21.88
38 | Denmark Odense core 305.12 5.24 7.63 57.86 0.06 22.62 1.31 573.34 6.02
39 | Estonia Tallinn core 159.47 9.26 27.06 8.39 0.66 44.14 7.10 257.11 25.10
40 | Estonia Tartu core 38.89 6.79 7.85 24.48 0.28 51.59 2.54 260.21 26.01
41 | Finland Helsinki kernel 783.89 6.02 42.78 15.09 0.14 22.64 4.40 346.75 12.15
42 | Finland Oulu core 1445.58 4.19 65.62 14.92 0.02 9.08 17.29 676.08 2.88
43 | Finland Tampere core 689.54 2.81 75.67 9.39 0.06 8.53 0.16 526.50 2.84
44 | Finland Turku core 248.44 5.03 37.06 28.67 0.12 20.44 5.16 494.57 6.93
45 | France Aix-en-Provence core 1293.29 0.91 18.29 62.23 0.19 13.39 42.37 757.77 2.57
46 | France Ajaccio core 270.45 0.46 3.76 83.44 0.07 10.05 6.96 549.12 2.33
47 | France Amiens core 313.21 2.69 14.16 63.82 0.15 14.82 3.99 392.42 5.61
48 | France Besancon core 434.01 1.31 45.20 34.52 0.17 14.23 15.22 515.75 3.93
49 | France Bordeaux core 550.43 4.94 27.56 19.67 0.36 38.94 11.10 440.03 11.99
50 | France Caen core 185.59 4.30 2.66 50.92 0.18 36.17 0.00 395.79 11.73
51 | France Clermont-Ferrand core 302.75 421 23.99 39.43 0.26 26.37 5.87 402.12 9.10
52 | France Dijon core 219.94 5.24 18.09 42.23 0.39 28.50 5.54 358.56 11.07
53 | France Grenoble core 311.79 3.21 44.48 21.94 0.23 23.51 0.22 268.45 12.51
54 | France Le Havre core 199.69 5.46 8.00 44.16 1.27 35.08 2.49 374.34 12.78
55 | France Lens - Liévin core 239.69 4.86 7.39 51.27 0.24 28.09 0.00 395.58 10.46
56 | France Lille core 612.47 4.18 2.44 47.73 0.87 34.54 0.00 279.88 17.81
57 | France Limoges core 475.19 1.71 22.34 52.55 0.17 15.46 0.00 636.46 3.94
58 | France Lyon core 519.99 6.16 13.51 25.20 0.84 44.18 3.74 266.43 23.00
59 | France Marseille core 605.05 4.30 11.97 49.16 0.28 27.91 38.76 240.30 16.18
60 | France Metz core 277.18 4.80 20.72 49.29 0.26 20.28 2.17 375.38 7.99
61 | France Montpellier core 438.62 3.19 15.72 51.04 0.50 23.62 21.71 396.84 8.37
62 | France Nancy core 143.11 7.46 23.86 24.68 0.78 36.57 1.79 285.36 18.03
63 | France Nantes core 535.01 5.03 11.42 44.62 0.25 28.87 25.93 424.01 10.37
64 | France Nice core 459.13 2.06 35.20 26.89 0.15 24.15 38.46 254.76 14.91
65 | France Orleans core 336.10 3.44 26.91 36.61 0.16 27.22 11.89 460.23 7.93
66 | France Paris kernel 762.64 13.08 6.40 3.54 0.48 66.48 1.52 111.44 80.81
67 | France Poitiers core 253.02 2.50 21.08 49.35 0.27 26.80 8.78 596.86 4.95
68 | France Reims core 87.98 7.59 2.23 35.94 0.48 48.97 0.61 253.92 24.35
69 | France Rennes core 613.66 2.05 4.77 66.69 0.09 22.64 0.11 480.10 5.94
70 | France Rouen core 663.49 2.80 33.04 35.01 0.30 21.35 10.15 362.21 8.82
71 | France Saint-Etienne core 570.68 2.44 27.16 47.51 0.22 17.46 6.07 376.22 6.73
72 | France Strasbourg core 315.86 5.02 19.86 40.47 0.21 29.51 19.39 276.91 14.33
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Proportion Proportion Proportion | Proportion | Proportion | Proportion Artificial Number of
Core LUZ Area of urban of natural of of of of area per inhabitants per
Order . . .
Country Cities/LUZ or green area agricultural | abandoned | impervious | protected inhabitant area
ID Kernel space area area surface area
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73 | France Toulon core 371.51 4.36 16.33 39.48 0.36 31.07 42.20 378.00 12.12
74 | France Toulouse core 461.18 3.71 8.94 36.12 0.55 40.35 2.83 412.11 13.33
75 | France Tours core 340.03 4.20 21.91 42.71 0.22 24.43 7.67 445.83 7.94
76 | Germany Augsburg core 146.46 411 34.23 25.16 0.15 33.68 9.03 409.62 9.91
77 | Germany Berlin core 1079.20 11.78 25.43 11.76 0.15 38.57 10.72 192.57 32.62
78 | Germany Bielefeld core 259.10 5.35 20.67 36.94 0.16 28.75 3.66 341.61 12.41
79 | Germany Bonn core 176.12 6.16 29.01 17.94 0.30 37.56 31.30 261.39 20.29
80 | Germany Bremen core 325.40 9.95 8.19 35.16 0.26 39.91 30.86 345.97 16.37
81 | Germany Darmstadt core 123.35 4.15 49.31 18.66 0.10 2475 25.68 284.48 11.26
82 | Germany Dresden core 328.01 6.85 24.06 31.03 0.52 31.73 10.69 307.79 14.59
83 | Germany Dusseldorf core 316.44 8.25 16.51 28.46 0.28 40.26 3.56 242.32 22.71
84 | Germany Erfurt core 271.04 4.62 9.95 61.87 0.24 20.48 23.34 380.57 7.41
85 | Germany Essen core 1889.26 8.69 16.45 25.87 0.45 39.81 2.54 288.19 20.01
86 | Germany Frankfurt (Oder) core 147.82 4.05 31.68 47.69 0.46 13.67 15.29 424.52 4.86
87 | Germany Frankfurt am Main core 370.77 10.30 25.37 20.40 0.30 39.32 5.72 236.33 22.95
88 | Germany Freiburg im Breisgau core 154.32 5.31 43.71 25.84 0.15 21.98 40.61 404.87 13.25
89 | Germany Gottingen core 116.75 4.94 32.17 37.40 0.44 22.07 19.48 286.23 10.63
90 | Germany Halle an der Saale core 135.77 10.65 13.91 34.94 0.73 33.41 20.02 280.26 18.25
91 | Germany Hamburg core 753.16 10.49 12.22 25.87 0.26 43.67 11.45 266.09 23.26
92 | Germany Hannover core 204.09 20.65 10.47 16.62 0.81 45.48 4.34 288.33 25.29
93 | Germany Karlsruhe core 174.08 7.13 32.30 21.98 0.46 32.18 41.66 285.37 16.02
94 | Germany Kiel core 112.26 12.33 11.50 27.31 0.18 39.97 1.23 293.20 20.87
95 | Germany Koblenz core 106.02 4.34 36.86 25.98 0.38 27.11 21.23 363.49 10.22
96 | Germany Kéln core 568.83 10.41 20.50 21.67 0.51 39.94 11.51 267.02 21.66
97 | Germany Leipzig core 298.75 14.53 6.36 37.26 0.57 35.16 18.00 342.04 16.48
98 | Germany Magdeburg core 200.59 10.67 9.69 46.78 0.32 28.14 12.21 375.35 11.60
99 | Germany Mainz core 97.66 4.98 6.38 46.33 0.33 37.13 13.14 253.49 18.66
100 | Germany Monchengladbach core 170.94 4.08 11.60 41.44 0.55 35.66 1.28 304.79 15.41
101 | Germany Munchen core 311.28 12.67 5.56 18.12 0.65 51.78 4.48 196.44 38.86
102 | Germany Nurnberg core 325.39 7.15 17.71 27.39 0.56 38.93 11.84 252.49 21.74
103 | Germany Regensburg core 79.68 5.79 9.66 35.16 0.32 41.41 3.12 350.41 15.75
104 | Germany Saarbrucken core 168.88 5.56 48.41 14.15 0.22 26.22 17.85 344.01 10.88
105 | Germany Schwerin core 129.93 6.27 46.47 25.12 0.09 19.53 32.81 361.23 7.87
106 | Germany Stuttgart core 350.44 8.92 26.63 22.66 0.11 35.46 8.46 216.01 23.48
107 | Germany Trier core 116.13 2.73 46.02 24.54 0.33 21.62 5.18 344.54 8.54
108 | Germany Weimar core 84.42 8.03 19.47 49.97 0.24 18.44 40.52 413.10 7.40
109 | Germany Wiesbaden core 203.82 6.30 31.35 31.42 0.38 25.66 22.03 280.48 13.28
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110 | Germany Wuppertal core 168.48 4.81 29.45 20.22 0.52 34.66 1.10 231.51 21.78
111 | Greece Athina kernel 370.01 7.50 4.29 23.88 0.39 51.58 21.07 89.00 80.71
112 | Greece loannina core 48.40 1.80 14.19 52.79 0.47 25.95 97.35 218.20 15.13
113 | Greece Iraklion core 108.81 0.54 0.13 76.60 0.27 16.46 1.31 179.51 12.96
114 | Greece Kalamata core 254.56 0.25 16.04 76.25 0.13 5.48 37.85 317.33 2.43
115 | Greece Kavala core 111.98 0.55 8.94 79.55 0.05 9.95 0.01 198.68 5.79
116 | Greece Larisa core 122.62 1.14 1.86 71.38 0.72 23.03 14.84 244.41 10.95
117 | Greece Patrai core 126.35 1.37 4.57 74.85 0.51 15.38 36.09 152.27 13.51
118 | Greece Thessaloniki core 18.32 8.10 2.18 0.75 0.89 82.70 0.00 43.47 223.32
119 | Greece Volos core 26.81 1.83 1.07 48.44 0.65 48.02 0.00 155.49 32.47
120 | Hungary Budapest core 525.27 6.84 12.60 18.02 0.67 51.71 6.31 205.32 33.79
121 | Hungary Debrecen core 461.67 1.02 31.86 49.50 0.32 14.26 8.16 407.72 4.57
122 | Hungary Gyor core 174.60 3.69 24.20 65.79 0.06 23.25 17.47 407.26 7.41
123 | Hungary Kecskemet core 321.45 1.38 18.14 58.32 0.07 17.88 2.82 703.19 3.35
124 | Hungary Miskolc core 236.60 1.47 51.12 27.14 0.79 16.75 73.88 279.48 7.78
125 | Hungary Nyiregyhaza core 274.57 0.80 13.28 65.77 0.04 18.91 2.51 574.53 4.33
126 | Hungary Pecs core 162.72 1.30 37.12 29.47 0.43 23.60 36.50 335.16 9.97
127 | Hungary Szeged core 281.02 2.60 16.09 62.00 0.55 14.93 10.32 365.91 5.99
128 | Hungary Szekesfehervar core 170.89 2.45 11.49 78.30 0.08 19.69 3.45 398.78 6.22
129 | Ireland Cork core 39.62 10.68 5.00 8.27 1.60 56.98 0.62 282.57 30.69
130 | Ireland Dublin kernel 925.58 10.32 4.02 50.02 0.67 26.67 6.60 386.26 11.90
131 | Ireland Galway core 50.72 7.93 5.22 42.62 0.34 35.14 12.71 413.55 12.62
132 | Ireland Limerick core 19.48 7.53 4.26 17.69 2.17 53.45 8.61 289.03 27.00
133 | Ireland Waterford core 41.66 7.97 8.33 43.63 0.28 31.09 8.64 457.80 10.51
134 | Italy Ancona core 124.61 1.84 8.11 67.41 0.08 18.23 18.39 304.14 8.05
135 | ltaly Bari core 116.20 2.95 0.11 47.97 0.75 41.04 0.00 190.92 27.20
136 | ltaly Bologna core 140.85 5.94 6.62 41.49 0.11 36.93 4,95 197.08 26.33
137 | ltaly Brescia core 90.39 2.83 17.50 28.08 0.60 43.46 0.00 262.27 20.75
138 | ltaly Cagliari core 83.76 3.94 42.88 22.00 0.44 26.75 98.97 249.82 14.06
139 | Italy Campobasso core 55.85 1.02 11.16 55.11 0.35 22.33 3.66 371.56 9.08
140 | ltaly Caserta core 53.73 2.61 20.82 44.43 0.16 24.51 8.06 248.99 13.95
141 | ltaly Catania core 181.67 1.01 0.74 64.63 0.28 28.80 21.19 201.45 17.19
142 | Italy Catanzaro core 111.69 0.53 10.02 69.40 0.11 15.12 0.00 240.93 8.54
143 | Italy Cremona core 70.54 3.32 2.34 64.24 0.12 25.95 1.22 333.33 10.02
144 | ltaly Firenze core 102.32 6.86 6.60 34.01 0.08 41.09 0.18 170.66 34.80
145 | Italy Foggia core 505.90 0.29 0.51 89.73 0.13 9.34 2.17 317.66 3.07
146 | ltaly Genova core 239.90 1.41 36.47 31.27 0.13 22.72 32.70 127.30 25.34
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147 | ltaly I'Aquila core 476.86 0.28 23.12 68.03 0.10 6.59 72.35 611.94 1.45
148 | Italy Milano kernel 1346.47 4.91 2.96 50.60 1.17 32.38 1.15 210.20 22.09
149 | Italy Modena core 183.24 2.79 1.98 64.85 0.09 25.11 0.40 346.20 9.58
150 | Italy Napoli kernel 1071.27 2.90 5.77 39.19 1.06 39.34 9.60 140.25 39.24
151 | Italy Padova core 93.00 3.80 1.68 3.67 0.54 4.20 0.08 273.78 21.85
152 | Italy Palermo core 160.12 3.35 8.95 41.92 0.45 32.60 39.58 114.48 42.92
153 | Italy Perugia core 449.02 0.91 22.61 60.42 0.12 11.68 4.54 514.25 3.30
154 | Italy Pescara core 34.03 4.27 2.71 30.30 0.75 51.15 0.00 195.41 34.28
155 | Italy Potenza core 174.16 0.32 9.75 73.70 0.09 12.32 0.85 417.87 3.96
156 | Italy Reggio di Calabria core 236.99 0.58 19.80 62.63 0.60 13.18 8.26 231.99 7.58
157 | Italy Roma core 1285.97 4.51 10.15 51.15 0.62 26.05 8.51 205.33 18.84
158 | Italy Salerno core 59.50 1.87 22.53 38.29 0.56 29.71 0.04 170.77 22.95
159 | Italy Sassari core 547.07 0.29 1.26 85.81 0.06 8.53 3.13 655.22 1.97
160 | Italy Taranto core 253.00 1.44 8.85 66.25 0.19 20.80 8.31 344.22 7.23
161 | Italy Torino core 130.08 10.80 10.51 9.71 1.05 57.06 2.94 120.49 66.21
162 | Italy Trento core 157.90 0.78 52.87 26.59 0.15 16.00 6.34 308.78 6.65
163 | Italy Trieste core 84.81 3.31 33.90 22.56 0.35 29.45 52.56 174.56 24.94
164 | Italy Venezia core 159.38 4.91 5.94 44.73 0.47 36.09 17.59 306.84 16.08
165 | Italy Verona core 198.96 2.19 12.01 50.53 0.23 29.49 4.69 295.05 12.70
166 | Latvia Liepaja core 61.01 6.17 35.03 22.17 2.43 30.94 22.74 291.11 14.70
167 | Latvia Riga core 304.16 11.55 31.42 12.16 1.26 36.08 6.13 223.99 25.19
168 | Lithuania Kaunas core 156.98 16.04 16.69 16.07 2.00 42.17 10.75 279.19 24.08
169 | Lithuania Panevezys core 50.18 5.70 4.22 38.12 0.48 48.36 0.00 243.29 23.70
170 | Lithuania Vilnius core 400.58 7.33 35.65 23.68 0.57 27.57 2.22 294.59 13.81
171 | Luxembourg Luxembourg core 51.74 4.76 28.53 21.80 1.12 37.19 14.33 334.25 14.86
172 | Malta Gozo core 69.11 0.94 0.90 77.08 0.10 14.23 17.97 493.78 4.46
173 | Malta Valletta core 50.23 3.74 0.31 26.68 1.18 60.20 1.96 177.62 41.11
174 | Netherlands Amsterdam kernel 322.10 9.49 15.42 28.14 1.18 39.31 3.69 191.65 29.45
175 | Netherlands Apeldoorn core 341.15 3.27 50.42 28.85 0.13 14.22 57.24 460.19 4.50
176 | Netherlands Arnhem core 101.54 11.30 32.24 20.47 0.23 31.98 40.12 344.98 13.71
177 | Netherlands Breda core 129.16 4.33 12.64 42.43 0.32 32.85 0.87 357.81 12.56
178 | Netherlands Eindhoven core 88.86 10.12 11.56 15.16 0.17 56.11 0.04 319.92 22.91
179 | Netherlands Enschede core 204.50 5.07 15.48 43.60 0.09 30.11 0.81 362.47 11.29
180 | Netherlands Groningen core 83.72 10.69 8.31 36.20 0.62 39.97 0.00 266.56 20.82
181 | Netherlands Heerlen core 45.48 8.95 13.64 22.83 0.67 46.20 8.32 302.87 20.97
182 | Netherlands Leeuwarden core 84.05 6.80 6.58 53.26 0.31 30.48 3.64 377.59 10.64
183 | Netherlands Nijmegen core 57.74 11.34 10.27 18.50 0.46 49.72 6.63 267.61 26.62
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184 | Netherlands Rotterdam kernel 397.50 8.66 21.22 11.63 3.05 49.23 0.88 278.84 24.08
185 | Netherlands s' Gravenhage core 181.97 15.75 6.76 20.64 0.36 47.74 3.77 180.97 40.12
186 | Netherlands Tilburg core 119.19 7.35 14.20 35.29 0.22 37.05 4.86 307.37 16.43
187 | Netherlands Utrecht core 99.30 10.60 6.43 25.79 2.41 47.83 0.00 262.52 25.82
188 | Poland Bialystok core 102.12 9.70 19.89 22.86 1.11 43.27 0.00 199.73 28.66
189 | Poland Bydgoszcz core 175.98 5.58 38.65 22.02 0.03 30.92 9.00 185.09 21.25
190 | Poland Czestochowa core 159.72 4.05 6.13 49.08 0.31 32.52 0.43 284.88 15.72
191 | Poland Gdansk core 396.83 6.51 33.61 27.52 0.20 29.17 2.89 214.65 18.11
192 | Poland Gorzow Wielkopolski core 85.72 9.50 9.26 51.00 0.16 26.20 8.27 270.42 14.69
193 | Poland Jelenia Gora core 109.23 4.03 38.94 37.32 0.07 15.42 47.69 290.13 8.18
194 | Poland Kalisz core 111.32 4.09 7.39 47.84 0.23 35.44 0.04 269.70 16.60
195 | Poland Katowice kernel 1217.97 6.51 30.18 29.74 0.25 29.16 1.45 238.17 16.83
196 | Poland Kielce core 109.65 5.32 23.13 33.14 0.04 32.23 9.32 225.67 19.38
197 | Poland Konin core 82.20 3.98 22.30 47.13 0.18 24.03 21.24 304.32 10.04
198 | Poland Koszalin core 98.35 6.03 39.05 34.58 0.13 18.27 7.56 236.50 11.15
199 | Poland Krakéw core 326.80 7.34 8.39 41.35 0.84 36.54 1.18 216.53 23.21
200 | Poland Lodz core 368.59 6.10 13.02 37.78 0.47 35.86 0.00 197.40 24.93
201 | Poland Lublin core 147.45 8.29 14.52 38.89 0.47 33.78 0.05 192.40 24.21
202 | Poland Nowy Sacz core 57.57 2.87 19.07 37.01 0.37 33.51 2.19 299.41 14.67
203 | Poland Olsztyn core 88.33 7.96 38.31 21.82 0.03 29.14 0.00 203.41 19.60
204 | Poland Opole core 96.55 4.89 14.34 48.86 0.23 28.03 0.00 273.94 13.43
205 | Poland Plock core 88.05 5.89 19.83 40.70 0.60 29.94 11.45 271.31 14.55
206 | Poland Poznan core 261.85 12.30 17.94 27.19 1.07 35.95 1.36 248.50 22.08
207 | Poland Radom core 111.80 4.00 8.28 45.95 0.35 37.40 1.13 223.39 20.49
208 | Poland Rzeszow core 116.35 4.79 5.77 48.22 0.89 32.09 1.12 300.86 15.29
209 | Poland Suwalki core 65.50 2.48 15.95 57.18 0.18 22.69 11.65 255.43 10.52
210 | Poland Szczecin core 348.61 7.58 39.07 26.81 0.14 23.73 39.44 244.86 13.93
211 | Poland Torun core 115.71 8.52 33.91 20.33 0.72 34.77 13.44 251.06 18.23
212 | Poland Warszawa core 517.23 8.95 20.28 19.00 0.61 46.44 5.46 186.03 32.64
213 | Poland Wroclaw core 292.82 10.84 11.93 39.65 0.10 33.60 8.85 221.44 21.87
214 | Poland Zielona Gora core 58.34 7.88 51.39 3.29 0.08 33.33 0.00 223.45 20.28
215 | Portugal Aveiro core 197.57 0.96 26.34 53.16 0.20 14.79 97.28 552.14 3.71
216 | Portugal Braga core 183.40 1.70 19.78 47.60 0.59 22.62 0.00 363.90 8.96
217 | Portugal Coimbra core 319.39 1.18 40.56 39.06 0.10 13.61 1.62 437.76 4.66
218 | Portugal Faro core 201.84 0.31 14.16 71.61 0.19 12.02 62.08 492.90 2.89
219 | Portugal Funchal core 72.91 2.71 29.95 34.26 0.97 25.99 25.97 NoData NoData
220 | Portugal Lisboa kernel 640.79 5.63 5.55 39.16 1.46 39.92 6.32 196.82 28.09
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221 | Portugal Oporto kernel 479.27 3.63 26.87 25.60 0.90 33.96 3.08 235.32 20.20
222 | Portugal Ponta Delgada core 233.08 0.47 13.37 73.33 0.14 9.54 0.00 NoData NoData
223 | Portugal Setubal core 170.24 1.28 18.95 56.44 0.23 19.21 66.34 374.24 6.57
224 | Romania Alba lulia core 102.55 0.70 24.51 58.65 0.11 13.63 10.75 234.48 7.18
225 | Romania Arad core 252.53 0.86 6.04 74.06 0.05 16.40 13.13 264.51 7.52
226 | Romania Bacau core 43.17 2.80 7.68 31.90 0.89 52.96 5.13 123.40 48.96
227 | Romania Braila core 45.04 3.57 11.50 27.11 0.40 52.64 3.55 116.90 52.51
228 | Romania Bucuresti core 239.58 6.22 6.80 19.26 1.45 62.57 0.00 92.80 79.68
229 | Romania Calarasi core 132.83 0.40 13.47 73.65 0.05 11.71 24.92 225.13 5.72
230 | Romania Cluj Napoca core 179.29 1.16 19.01 55.16 0.20 21.72 10.99 145.02 17.81
231 | Romania Craiova core 81.29 3.58 3.85 41.83 0.60 45.51 3.18 138.04 39.35
232 | Romania Giurgiu core 52.99 0.79 20.19 50.03 0.17 27.43 1.68 214.76 13.87
233 | Romania Oradea core 112.70 1.23 3.53 57.55 0.34 33.67 1.85 193.37 20.13
234 | Romania Piatra Neamt core 76.92 0.58 51.28 29.00 0.10 16.19 29.78 120.85 16.32
235 | Romania Sibiu core 118.68 1.30 21.08 54.29 0.13 21.49 0.92 174.61 14.11
236 | Romania Targu Mures core 49.28 3.02 25.18 32.11 0.13 36.53 11.58 129.18 33.06
237 | Romania Timisoara core 129.24 2.75 5.65 52.81 0.61 33.44 2.82 165.54 25.10
238 | Slovakia Banska Bystrica core 103.30 3.09 55.04 23.81 0.22 16.13 5.25 260.69 8.11
239 | Slovakia Bratislava core 367.51 3.33 30.48 37.37 0.35 24.69 29.10 261.36 12.30
240 | Slovakia Kosice core 243.79 4.36 33.99 37.05 0.32 22.28 21.09 291.81 9.93
241 | Slovakia Nitra core 100.44 4.53 14.38 57.05 0.45 19.83 7.94 338.25 8.45
242 | Slovakia Presov core 70.44 5.23 35.80 31.86 0.19 23.63 0.00 243.28 13.29
243 | Slovakia Trencin core 82.01 2.05 43.38 34.77 0.18 17.53 0.35 304.27 7.18
244 | Slovakia Trnava core 71.54 2.92 0.60 72.70 0.13 21.93 2.91 274.35 9.73
245 | Slovakia Zilina core 80.04 3.54 35.98 33.61 0.16 24.18 0.00 281.64 10.80
246 | Slovenia Ljubljana core 275.05 1.73 43.01 27.89 0.22 22.06 26.12 301.03 9.67
247 | Slovenia Maribor core 147.49 1.60 41.67 33.05 0.16 17.62 11.43 336.88 7.51
248 | Spain Alicante/Alacant core 200.87 4.00 0.42 65.93 0.21 24.98 5.39 238.45 14.11
249 | Spain Badajoz core 1470.24 0.26 2.02 92.12 0.05 4.57 12.56 645.83 0.91
250 | Spain Barcelona kernel 452.06 5.46 18.88 20.40 1.02 54.25 17.84 94.00 64.60
251 | Spain Bilbao kernel 167.14 5.26 20.20 39.17 0.40 29.76 0.00 86.54 46.96
252 | Spain Cordoba core 1255.22 0.36 2.45 89.80 0.14 5.17 15.79 316.15 2.45
253 | Spain Gijén core 181.63 2.49 17.12 48.52 0.36 22.08 0.60 234.85 14.63
254 | Spain Las Palmas core 202.96 1.79 0.66 65.49 1.30 26.19 9.66 156.08 21.69
255 | Spain Logrono core 79.56 5.01 4.87 64.80 0.13 22.25 1.55 181.49 16.71
256 | Spain Madrid core 1246.51 8.61 2.55 47.35 0.24 41.25 44.95 136.90 36.60
257 | Spain Malaga core 415.10 1.73 11.71 67.57 0.29 16.21 0.13 151.42 13.69
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258 | Spain Murcia core 886.04 0.77 7.75 76.32 0.11 10.98 25.08 380.51 4.19
259 | Spain Oviedo core 186.63 1.66 23.89 52.78 0.05 15.49 1.33 216.61 10.77
260 | Spain Palma di Mallorca core 208.49 4.00 5.33 57.39 0.43 26.07 9.44 233.22 15.98
261 | Spain Pamplona/Iruna core 25.24 15.52 2.67 24.88 1.12 50.74 0.00 100.05 72.41
262 | Spain Santa Cruz de Tenerife core 252.64 0.90 10.70 65.23 0.40 19.51 94.95 194.12 12.40
263 | Spain Santander core 34.71 7.13 1.23 35.43 2.44 48.13 0.00 122.04 51.90
264 | Spain Sant. de Compostela core 219.99 1.52 43.68 35.53 0.14 12.84 0.42 506.42 4.10
265 | Spain Sevilla core 301.84 4.79 2.22 58.68 0.50 29.97 1.93 149.98 26.07
266 | Spain Toledo core 231.91 0.89 2.65 83.43 0.22 11.13 0.04 472.29 2.95
267 | Spain Valencia core 134.65 4.41 21.12 36.41 1.22 33.14 84.65 77.41 54.86
268 | Spain Valladolid core 197.62 3.06 11.40 60.57 1.45 20.69 0.45 174.94 16.02
269 | Spain Vigo core 108.96 4.11 25.64 23.32 1.20 30.95 4.21 198.67 25.69
270 | Spain Vitoria/Gasteiz core 276.80 1.72 22.76 59.24 0.10 14.96 9.22 229.78 7.83
271 | Spain Zaragoza core 973.64 1.07 2.60 81.54 0.41 12.93 36.98 259.20 6.12
272 | Sweden Goteborg core 455.99 8.51 38.67 20.01 0.12 21.16 9.47 392.34 10.53
273 | Sweden Jonkoping core 1937.39 0.73 74.98 18.83 0.02 3.68 22.61 1028.91 0.60
274 | Sweden Linkoping core 1578.17 0.97 54.76 37.26 0.01 4.89 4.13 942.48 0.85
275 | Sweden Malmo core 601.27 4.88 17.63 56.54 0.37 14.21 11.95 432.34 5.97
276 | Sweden Orebro core 1631.16 0.97 62.24 30.11 0.00 4.37 1.61 1000.34 0.76
277 | Sweden Stockholm kernel 1391.26 6.85 53.78 10.93 0.07 13.94 4,78 354.85 9.95
278 | Sweden Umea core 2396.28 0.38 81.29 13.77 0.01 2.82 4.76 1137.76 0.43
279 | Sweden Uppsala core 2248.18 0.81 64.20 29.06 0.02 3.92 2.21 892.66 0.76
280 | United Kingdom | Aberdeen core 187.01 8.11 9.96 46.84 0.10 26.68 0.61 380.64 11.35
281 | United Kingdom | Belfast core 561.35 3.74 3.99 68.57 0.19 19.51 1.28 399.13 6.88
282 | United Kingdom | Birmingham kernel 734.21 11.01 2.40 21.68 0.51 46.32 0.00 276.11 27.50
283 | United Kingdom | Bristol core 461.99 6.32 6.92 56.79 0.20 21.36 1.64 304.98 11.90
284 | United Kingdom | Cambridge core 40.70 14.03 1.47 21.81 0.16 41.55 0.00 286.45 26.78
285 | United Kingdom | Cardiff core 140.98 13.54 8.88 26.09 0.68 37.64 1.41 300.10 21.67
286 | United Kingdom | Coventry core 460.78 6.37 4.45 57.14 0.11 22.63 0.01 323.84 11.86
287 | United Kingdom | Derry core 387.43 1.60 6.61 79.77 0.02 10.06 0.94 502.18 2.71
288 | United Kingdom | Edinburgh core 263.55 11.16 6.24 44.36 0.14 28.88 0.13 290.17 17.03
289 | United Kingdom | Exeter core 47.21 7.53 8.53 26.26 0.50 43.81 1.68 277.30 23.52
290 | United Kingdom | Glasgow core 647.68 8.15 13.78 42.56 0.37 27.48 1.11 314.68 13.87
291 | United Kingdom | Kingston-upon-Hull core 71.76 10.87 2.12 9.11 1.05 62.03 0.32 261.48 33.95
292 | United Kingdom | Leeds core 1666.66 6.10 6.51 56.12 0.30 23.30 11.45 330.01 11.32
293 | United Kingdom | Leicester kernel 227.43 8.83 1.45 46.52 0.42 29.89 0.00 277.72 18.73
294 | United Kingdom | Lincoln core 35.65 10.23 6.36 22.69 0.72 41.68 0.00 295.91 23.98
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295 | United Kingdom Liverpool kernel 488.34 13.19 3.48 34.56 0.29 37.89 4.17 293.93 16.25
296 | United Kingdom London kernel 1575.73 16.66 3.76 12.05 0.14 47.77 1.10 185.03 45.51
297 | United Kingdom | Manchester kernel 1276.92 10.47 4.67 37.98 0.74 34.60 6.34 295.01 19.44
298 | United Kingdom | Newcastle upon Tyne kernel 405.48 9.22 6.90 36.67 1.21 36.45 0.15 287.64 19.62
299 | United Kingdom | Nottingham kernel 684.39 4.59 6.24 64.47 0.15 17.71 0.00 338.37 8.66
300 | United Kingdom | Portsmouth kernel 196.41 9.61 7.23 28.02 0.13 37.82 4.50 263.98 24.54
301 | United Kingdom | Sheffield core 1050.42 5.44 10.00 55.77 0.14 19.24 20.80 333.21 10.27
302 | United Kingdom | Stoke-on-trent core 304.53 9.27 7.14 50.75 0.57 23.87 0.00 353.38 11.92
303 | United Kingdom | Wolverhampton kernel 69.52 11.15 1.41 5.25 0.41 60.19 0.30 273.52 34.13
304 | United Kingdom | Worcester core 33.31 15.13 2.81 15.16 0.08 46.80 0.03 292.74 28.02
305 | United Kingdom | Wrexham core 504.02 1.41 8.92 76.68 0.08 10.10 17.27 564.38 2.55




¢8

C : ESTIMATED INDICATORS /AREA IN BETWEEN THE CORE AND THE LUZ OUTLINE
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1 | Austria Graz 1103.17 0.36 57.63 30.19 0.09 7.73 0.04 1017.91 1.20
2 | Austria Innsbruck 1988.68 0.20 34.70 61.06 0.04 2.82 15.79 542.98 0.78
3 | Austria Linz 1648.63 0.87 22.96 62.21 0.13 9.93 3.94 720.99 2.06
4 | Austria Salzburg 1678.28 0.57 51.25 40.30 0.09 5.56 5.55 747.35 1.13
5 | Austria Wien 4201.27 1.14 27.43 60.59 0.07 7.94 48.12 877.78 1.36
6 | Belgium Antwerpen 740.70 2.92 17.24 42.65 0.19 20.18 18.91 649.16 6.18
7 | Belgium Brugge 273.37 0.79 7.24 76.85 0.03 11.08 27.01 891.42 1.78
8 | Belgium Bruxelles/Brussel 1461.48 2.81 12.91 53.44 0.33 16.94 8.49 621.11 5.42
9 | Belgium Charleroi 516.24 0.88 15.80 62.77 0.13 13.23 2.03 597.11 3.59
10 | Belgium Gent 382.04 2.17 7.44 56.55 0.11 22.22 2.30 810.38 4.44
11 | Belgium Liege 877.46 0.83 21.01 56.53 0.25 13.28 5.22 742.17 3.03
12 | Belgium Namur 221.29 1.10 24.63 59.83 0.07 7.48 4.58 1068.59 1.45
13 | Bulgaria Burgas 1140.80 0.04 30.58 63.87 0.03 4.57 25.57 1791.95 0.31
14 | Bulgaria Pleven 1706.85 0.24 11.55 83.41 0.06 3.55 16.89 1212.70 0.42
15 | Bulgaria Plovdiv 1124.83 0.07 33.89 58.05 0.06 6.46 17.48 896.69 0.90
16 | Bulgaria Ruse 762.96 0.33 15.01 80.32 0.05 3.45 33.56 1222.64 0.38
17 | Bulgaria Sofia 2969.75 0.20 44.55 47.78 0.03 5.56 36.05 1482.52 0.52
18 | Bulgaria Varna 726.94 0.21 28.90 62.13 0.04 7.24 59.40 1275.85 0.70
19 | Bulgaria Vidin 454.25 0.25 17.58 76.04 0.04 4.80 12.26 1335.33 0.48
20 | Cyprus Lefkosia 2506.50 0.10 0.46 93.45 0.07 4.87 32.56 2093.78 0.29
21 | Czech Republic Brno 3070.43 0.42 38.35 52.42 0.10 6.38 3.64 785.72 1.17
22 | Czech Republic Ceske Budejovice 1568.93 0.53 38.76 54.07 0.01 5.27 13.04 1388.10 0.52
23 | Czech Republic Hradec Kralove 770.58 0.52 17.75 73.52 0.02 6.45 4.63 1061.01 0.82
24 | Czech Republic Jihlava 1091.07 0.34 33.02 61.62 0.01 3.83 0.58 1008.90 0.53
25 | Czech Republic Karlovy Vary 1562.35 0.48 48.64 46.04 0.01 3.75 61.51 1207.47 0.44
26 | Czech Republic Liberec 122291 0.66 53.13 37.17 0.06 6.40 14.27 802.19 1.21
27 | Czech Republic Olomouc 1513.91 0.32 35.32 57.29 0.02 6.17 39.14 882.22 0.84
28 | Czech Republic Ostrava 3582.12 0.94 36.70 51.63 0.06 9.91 33.17 576.41 2.02
29 | Czech Republic Pardubice 807.99 0.71 29.16 60.82 0.02 7.17 4.02 1155.82 0.87
30 | Czech Republic Plzen 2965.36 0.46 40.38 52.31 0.01 5.47 2.00 1165.03 0.63
31 | Czech Republic Praha 6441.22 0.92 26.05 63.04 0.08 7.94 5.97 999.43 1.09
32 | Czech Republic Usti nad Labem 780.90 0.96 43.57 42.00 0.06 11.49 31.29 758.79 1.90
33 | Czech Republic Zlin 913.18 0.47 48.09 43.67 0.03 5.84 9.49 656.48 1.26
34 | Denmark Aalborg 5028.65 1.13 13.44 76.45 0.04 7.09 13.75 1667.98 0.61
35 | Denmark Aarhus 4069.36 0.90 19.47 69.45 0.03 7.63 8.12 1271.25 0.87
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36 | Denmark Kobenhavn 2479.25 3.04 24.47 53.31 0.13 21.38 24.74 833.66 2.66
37 | Denmark Odense 3186.48 0.81 11.24 76.88 0.03 8.54 11.89 1314.06 0.90
38 | Estonia Tallinn 4181.45 0.28 58.48 36.09 0.03 3.85 19.55 1794.70 0.30
39 | Estonia Tartu 2961.67 0.10 46.89 48.84 0.01 3.58 18.80 2605.54 0.16
40 | Finland Helsinki 2327.90 1.23 58.18 29.63 0.02 7.20 6.51 1149.57 1.06
41 | Finland Oulu 3336.33 0.26 69.32 26.77 0.01 2.43 5.28 1983.40 0.20
42 | Finland Tampere 1688.51 0.77 74.43 16.66 0.03 5.30 1.34 1489.76 0.60
43 | Finland Turku 1508.01 0.75 52.24 35.93 0.06 7.28 2.11 1520.35 0.78
44 | France Ajaccio 744.70 0.18 18.82 77.09 0.02 2.38 2.91 2277.82 0.18
45 | France Amiens 1455.87 0.44 13.74 79.37 0.03 4.06 1.97 1053.67 0.65
46 | France Besancon 1234.63 0.14 46.98 46.34 0.03 4.75 19.56 1593.37 0.42
47 | France Bordeaux 3340.41 0.38 61.82 26.80 0.06 7.95 4.22 1431.83 0.79
48 | France Caen 1439.83 0.57 7.72 80.54 0.04 8.15 0.99 1104.22 1.06
49 | France Clermont-Ferrand 1516.19 0.46 23.21 66.58 0.06 6.84 10.01 1154.88 0.88
50 | France Dijon 2060.04 0.49 39.90 54.54 0.03 3.72 25.80 1370.36 0.41
51 | France Grenoble 1289.53 0.52 55.05 36.06 0.07 5.52 16.99 917.98 0.97
52 | France Le Havre 441.47 0.47 6.75 77.64 0.42 11.16 14.21 1655.19 0.94
53 | France Limoges 1361.05 0.22 30.74 59.92 0.06 5.73 1.84 2101.62 0.44
54 | France Lyon 2798.31 0.83 21.24 63.37 0.16 11.21 24.75 956.25 1.61
55 | France Metz 1561.84 0.55 23.45 66.98 0.07 7.26 7.15 718.64 1.33
56 | France Montpellier 152.97 3.45 32.55 42.43 0.32 17.01 68.74 831.49 3.01
57 | France Nancy 1692.74 0.59 33.76 58.57 0.04 5.51 2.12 852.86 0.90
58 | France Nantes 1772.44 0.78 8.32 78.36 0.04 9.01 20.28 1507.52 0.88
59 | France Orleans 1734.43 0.73 38.58 53.75 0.01 5.80 37.13 1487.19 0.52
60 | France Paris 11305.93 2.48 25.34 55.35 0.10 12.20 11.38 455.99 4.23
61 | France Poitiers 1507.72 0.65 18.39 72.63 0.09 5.20 9.86 1613.44 0.56
62 | France Reims 1705.57 0.34 15.24 77.82 0.02 5.57 1.86 1530.04 0.45
63 | France Rennes 1944.77 0.24 12.91 75.40 0.02 9.48 1.38 1453.38 0.80
64 | France Rouen 1035.13 0.37 14.48 72.83 0.09 7.00 0.25 3986.02 0.32
65 | France Strasbourg 1053.10 0.59 20.57 68.04 0.05 8.33 12.59 751.79 1.52
66 | France Toulouse 3579.24 0.42 11.82 74.45 0.07 9.63 1.84 1404.01 0.98
67 | France Tours 1472.67 0.49 26.98 63.06 0.05 7.52 8.75 1381.46 0.72
68 | Germany Augsburg 1847.97 0.67 30.18 59.50 0.08 6.88 2.36 495.97 2.08
69 | Germany Berlin 16384.43 0.84 41.68 48.13 0.03 7.41 29.11 1180.81 0.86
70 | Germany Bielefeld 2665.35 1.56 21.60 58.22 0.13 14.84 11.81 557.39 3.62
71 | Germany Bonn 1118.14 1.58 34.29 44.66 0.17 14.98 13.33 451.12 4.67
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72 | Germany Bremen 5572.24 0.69 16.01 73.06 0.06 8.10 10.54 869.96 1.26
73 | Germany Darmstadt 659.49 1.13 37.04 46.77 0.03 12.61 15.22 372.88 4.34
74 | Germany Dresden 2291.80 1.35 32.79 54.35 0.10 9.02 26.19 693.51 1.85
75 | Germany Dusseldorf 882.41 3.06 16.83 50.59 0.16 25.34 2.80 359.40 9.06
76 | Germany Erfurt 2586.42 1.01 28.11 62.48 0.06 6.72 26.95 693.72 1.36
77 | Germany Essen 2551.37 2.50 24.93 49.16 0.17 19.10 10.05 417.63 6.20
78 | Germany Frankfurt am Main 3929.31 1.48 40.14 44.02 0.05 11.60 17.19 378.58 4.18
79 | Germany Freiburg im Breisgau 2056.86 0.88 49.14 41.38 0.05 8.78 33.39 405.63 1.91
80 | Germany Gottingen 2270.83 0.66 38.45 53.51 0.05 5.68 15.76 624.77 1.29
81 | Germany Halle an der Saale 1438.49 1.40 8.52 77.48 0.16 10.55 7.21 926.03 1.51
82 | Germany Hamburg 6475.08 1.34 20.90 65.06 0.07 9.91 13.79 663.58 2.11
83 | Germany Hannover 2769.49 1.48 25.18 59.35 0.07 10.82 9.76 557.39 2.77
84 | Germany Karlsruhe 1084.74 1.18 37.14 46.17 0.09 12.48 32.90 431.33 3.87
85 | Germany Kiel 3269.73 0.91 17.84 71.89 0.03 7.23 14.31 836.43 1.23
86 | Germany Koblenz 816.93 0.56 33.99 50.76 0.06 12.20 28.92 591.24 2.58
87 | Germany Kéln 1058.24 1.82 22.24 50.66 0.21 21.27 3.60 459.38 5.90
88 | Germany Leipzig 2503.30 1.37 16.69 67.10 0.08 12.34 22.52 966.62 1.68
89 | Germany Magdeburg 4126.43 0.79 22.96 67.14 0.03 7.91 14.66 1094.82 0.90
90 | Germany Mainz 605.41 1.30 16.76 68.25 0.07 11.61 25.04 466.19 3.22
91 | Germany Munchen 4884.33 1.42 25.03 60.95 0.08 10.06 6.38 553.29 2.53
92 | Germany Nurnberg 2354.94 0.82 40.09 46.78 0.12 8.97 10.80 549.93 2.39
93 | Germany Regensburg 2285.23 0.47 33.51 57.09 0.07 6.63 7.69 751.74 1.25
94 | Germany Saarbrucken 1369.39 1.59 35.57 39.86 0.15 18.17 12.17 493.45 4.98
95 | Germany Schwerin 4763.05 0.51 30.82 62.62 0.01 4.82 32.31 1300.73 0.50
96 | Germany Stuttgart 3303.21 2.43 33.72 47.23 0.07 13.40 26.29 351.51 5.42
97 | Germany Trier 1095.02 0.48 47.31 42.30 0.02 7.94 11.96 825.15 1.26
98 | Germany Weimar 804.79 0.64 17.49 74.24 0.05 6.21 26.43 728.62 1.14
99 | Germany Wiesbaden 814.35 1.00 58.76 30.94 0.06 7.10 14.04 454.38 2.27
100 | Greece Athina 2670.44 0.71 10.86 68.50 0.19 14.62 13.98 633.56 3.26
101 | Greece loannina 1277.92 0.11 31.82 62.13 0.03 4.95 40.83 1564.32 0.39
102 | Greece Iraklion 495.97 0.19 1.17 91.49 0.05 5.07 22.93 718.71 1.02
103 | Greece Kalamata 187.40 0.05 7.68 87.99 0.02 3.30 0.00 941.63 0.46
104 | Greece Kavala 239.50 0.12 28.97 65.88 0.04 3.94 0.00 1196.30 0.43
105 | Greece Larisa 1433.07 0.06 4.28 89.86 0.03 5.10 65.26 1740.13 0.34
106 | Greece Patrai 386.63 0.39 12.06 80.43 0.10 4.91 34.47 674.57 1.11
107 | Greece Thessaloniki 1407.54 0.42 12.16 74.61 0.10 11.03 31.54 328.05 4.03
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108 | Greece Volos 277.48 0.26 15.13 74.42 0.10 7.44 49.85 568.47 1.84
109 | Hungary Budapest 1997.23 1.51 28.51 47.71 0.27 17.06 26.23 703.63 3.38
110 | Hungary Debrecen 1215.05 0.09 28.16 63.82 0.02 6.34 13.30 1005.58 0.80
111 | Hungary Gyor 1264.58 0.24 24.95 67.83 0.02 5.86 14.91 1115.81 0.65
112 | Hungary Kecskemet 1161.60 0.17 24.70 67.85 0.03 6.13 12.98 1447.10 0.52
113 | Hungary Miskolc 769.77 0.39 29.54 61.31 0.22 6.42 35.87 718.82 1.27
114 | Hungary Nyiregyhaza 1163.08 0.15 14.21 76.31 0.00 6.85 12.24 1070.34 0.89
115 | Hungary Pecs 407.95 0.41 26.55 65.07 0.01 5.44 25.02 1360.91 0.62
116 | Hungary Szeged 471.90 0.18 10.77 79.39 0.07 7.61 28.38 1247.81 0.79
117 | Hungary Szekesfehervar 973.29 0.59 12.10 80.25 0.03 5.43 15.16 1305.61 0.59
118 | Ireland Cork 2080.41 0.91 10.49 77.65 0.07 8.62 2.55 1308.66 0.91
119 | Ireland Dublin 6091.40 1.43 10.33 79.78 0.06 6.43 11.96 1526.94 0.65
120 | Ireland Limerick 3504.05 0.43 16.03 76.16 0.05 5.82 18.69 1682.08 0.46
121 | ltaly Ancona 283.93 0.76 1.69 79.63 0.09 14.92 0.05 509.66 3.66
122 | ltaly Bari 779.61 0.32 1.22 87.75 0.09 9.76 6.39 298.26 3.70
123 | Italy Bologna 1907.45 0.68 13.68 73.60 0.04 9.62 9.81 689.35 1.85
124 | Italy Brescia 449.56 0.88 19.65 54.63 0.18 20.79 0.01 524.54 4.90
125 | Italy Cagliari 1604.49 0.29 18.55 71.54 0.05 7.78 29.46 522.53 1.90
126 | ltaly Campobasso 1252.83 0.09 29.12 64.70 0.01 4.97 26.98 1185.01 0.52
127 | ltaly Caserta 617.24 0.28 12.03 67.26 0.11 16.53 11.05 397.93 5.20
128 | Italy Catania 405.61 0.64 5.17 67.97 0.37 17.67 2.77 423.41 6.34
129 | Italy Catanzaro 649.76 0.14 35.71 58.05 0.02 4.72 11.81 798.64 0.78
130 | Italy Cremona 590.79 0.35 3.21 87.01 0.01 8.08 7.36 981.64 1.00
131 | Italy Firenze 1160.35 0.52 44.92 42.92 0.03 9.38 8.09 439.54 2.77
132 | ltaly Foggia 542.53 0.10 6.45 89.52 0.01 3.06 9.14 528.84 0.76
133 | ltaly Genova 684.82 0.34 72.94 17.93 0.03 4.99 30.45 547.51 1.67
134 | ltaly I'Aquila 1111.38 0.07 32.80 63.21 0.02 2.91 74.01 1569.81 0.25
135 | Italy Modena 458.83 0.74 3.80 77.47 0.06 15.02 1.29 663.56 2.82
136 | Italy Padova 882.86 0.75 7.30 67.43 0.22 16.82 16.33 604.33 4.18
137 | Italy Palermo 1017.64 0.09 6.62 83.40 0.07 6.27 31.16 595.02 1.68
138 | Italy Perugia 357.28 0.52 39.60 49.21 0.07 8.55 42.36 851.18 1.32
139 | Italy Pescara 642.10 0.45 8.96 73.71 0.08 13.80 6.21 518.51 3.34
140 | ltaly Potenza 1324.32 0.06 24.19 69.33 0.01 5.37 3.74 1123.35 0.58
141 | Italy Reggio di Calabria 253.24 0.11 36.82 54.71 0.05 6.21 60.73 433.36 1.95
142 | Italy Roma 2311.55 0.88 19.70 59.41 0.19 11.79 18.38 555.16 3.76
143 | Italy Salerno 890.09 0.39 40.65 42.86 0.12 13.29 65.16 596.55 2.76
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144 | ltaly Sassari 679.55 0.45 2.36 89.91 0.02 6.24 21.83 620.18 1.25
145 | Italy Taranto 1192.29 0.22 11.52 75.80 0.07 9.33 41.63 592.30 2.14
146 | Italy Torino 1749.22 1.16 24.80 55.06 0.07 13.52 8.56 427.89 4.71
147 | ltaly Trento 621.47 0.23 70.39 21.68 0.02 5.89 1.33 690.41 1.15
148 | ltaly Trieste 127.44 0.75 40.99 40.87 0.35 12.03 97.63 768.88 2.36
149 | ltaly Venezia 1056.08 1.25 35.04 49.52 0.10 9.44 83.54 489.87 3.15
150 | ltaly Verona 1009.04 0.90 15.88 62.70 0.10 16.77 6.29 750.85 2.85
151 | Latvia Liepaja 3596.57 0.11 49.32 48.31 0.02 1.98 7.56 1818.42 0.13
152 | Latvia Riga 5088.18 0.52 59.46 33.46 0.05 4.87 11.65 1366.29 0.52
153 | Lithuania Kaunas 1465.12 0.58 35.45 56.93 0.06 5.41 14.05 1352.15 0.56
154 | Lithuania Panevezys 2178.04 0.21 34.62 60.75 0.02 3.95 23.61 2310.19 0.20
155 | Lithuania Vilnius 3846.19 0.31 46.86 47.37 0.03 4.32 4.34 1443.18 0.40
156 | Luxembourg Luxembourg 2544.13 0.64 37.16 52.20 0.04 8.07 32.51 746.33 1.43
157 | Malta Valletta 196.71 0.68 0.62 73.13 0.21 20.83 18.70 328.53 7.99
158 | Netherlands Amsterdam 850.37 3.54 36.35 39.86 0.32 17.53 37.48 453.20 5.25
159 | Netherlands Apeldoorn 283.89 1.93 26.94 56.29 0.06 11.49 28.66 834.97 2.01
160 | Netherlands Arnhem 386.68 2.20 23.96 52.66 0.14 17.32 39.32 450.11 5.20
161 | Netherlands Breda 368.97 2.14 16.74 62.36 0.07 15.53 18.51 560.51 3.73
162 | Netherlands Eindhoven 238.19 4.46 23.40 40.39 0.13 24.64 5.16 446.30 8.11
163 | Netherlands Enschede 147.78 2.73 14.47 61.09 0.00 17.54 7.41 484.23 5.05
164 | Netherlands Groningen 854.38 1.43 7.93 78.49 0.02 9.92 6.32 722.00 1.88
165 | Netherlands Heerlen 166.10 3.47 11.82 52.84 0.23 25.59 3.33 341.98 10.33
166 | Netherlands Leeuwarden 368.01 0.98 4.49 83.29 0.06 9.30 5.47 679.49 1.80
167 | Netherlands Nijmegen 259.83 3.59 20.09 55.50 0.09 16.46 11.33 542.40 4.50
168 | Netherlands Rotterdam 311.16 5.11 19.60 51.57 0.33 19.00 14.44 417.71 6.90
169 | Netherlands s' Gravenhage 238.03 6.06 8.22 37.38 0.36 9.81 10.82 577.97 9.41
170 | Netherlands Tilburg 269.54 3.21 23.88 55.09 0.03 14.71 11.13 652.29 3.22
171 | Netherlands Utrecht 290.44 5.12 18.89 47.64 0.20 20.78 8.74 340.77 9.82
172 | Poland Bialystok 5012.42 0.12 38.29 56.31 0.02 4.52 64.88 1167.56 0.46
173 | Poland Bydgoszcz 3228.20 0.38 34.35 59.81 0.04 4.69 9.75 899.78 0.65
174 | Poland Czestochowa 2409.82 0.19 33.91 57.37 0.03 6.49 2.89 960.33 0.91
175 | Poland Gdansk 2944.30 0.42 30.71 60.34 0.04 7.19 10.32 687.07 1.30
176 | Poland Gorzow Wielkopolski 1219.66 0.21 49.98 44.98 0.02 3.95 49.57 979.11 0.51
177 | Poland Jelenia Gora 476.47 0.25 48.01 44.28 0.03 4.90 53.20 936.17 0.82
178 | Poland Kalisz 2992.24 0.18 24.71 68.29 0.01 5.89 21.25 933.25 0.75
179 | Poland Katowice 1419.22 1.29 31.22 47.48 0.15 16.35 0.29 433.80 491
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180 | Poland Kielce 2246.28 0.21 38.75 53.29 0.01 5.82 19.75 918.02 0.87
181 | Poland Konin 676.23 0.16 22.86 68.53 0.02 7.59 33.89 966.81 0.89
182 | Poland Koszalin 1652.71 0.25 48.85 47.12 0.01 3.21 20.27 1078.16 0.37
183 | Poland Krakéw 2679.47 0.52 19.30 65.84 0.05 10.46 6.20 797.87 1.86
184 | Poland Lodz 2489.64 0.33 22.67 67.37 0.04 7.73 1.73 956.57 1.04
185 | Poland Lublin 2734.92 0.33 14.05 76.56 0.02 7.01 0.52 871.72 1.08
186 | Poland Nowy Sacz 390.79 0.10 41.76 45.17 0.05 9.56 24.14 709.45 1.84
187 | Poland Olsztyn 2841.70 0.22 47.00 48.97 0.00 3.39 23.72 1037.93 0.39
188 | Poland Opole 1596.68 0.22 49.60 43.82 0.05 5.05 7.61 768.25 0.86
189 | Poland Plock 1797.41 0.06 23.03 70.39 0.03 5.77 8.12 1121.12 0.59
190 | Poland Poznan 3455.73 0.81 23.74 67.03 0.08 7.07 22.52 736.68 1.25
191 | Poland Radom 1518.88 0.12 26.92 65.52 0.01 6.01 30.90 802.38 0.94
192 | Poland Rzeszow 1157.22 0.25 29.70 57.98 0.09 8.48 12.83 940.59 1.31
193 | Poland Suwalki 552.82 0.08 29.00 66.57 0.00 4.08 56.68 1814.73 0.24
194 | Poland Szczecin 5697.13 0.32 37.42 58.06 0.01 3.63 50.70 883.12 0.51
195 | Poland Torun 1231.38 0.22 35.45 58.27 0.02 5.61 11.79 931.44 0.67
196 | Poland Warszawa 4684.49 0.56 30.74 55.30 0.08 11.32 12.57 692.68 2.01
197 | Poland Wroclaw 4291.99 0.43 23.18 69.04 0.04 6.28 18.93 856.30 0.91
198 | Poland Zielona Gora 1568.66 0.47 55.84 38.69 0.02 4.10 15.60 976.56 0.56
199 | Portugal Aveiro 76.02 1.77 28.12 41.57 0.45 22.44 60.39 619.77 4.89
200 | Portugal Braga 310.74 0.32 24.50 58.49 0.16 10.06 5.12 812.54 2.09
201 | Portugal Coimbra 933.64 0.15 55.94 34.24 0.09 6.29 6.42 985.14 1.00
202 | Portugal Faro 281.15 0.26 12.21 78.71 0.11 7.18 53.27 503.13 1.81
203 | Portugal Funchal 188.57 0.81 42.33 38.43 0.18 13.10 21.12 -9999.00 -9999.00
204 | Portugal Lisboa 797.34 1.07 14.11 64.96 0.37 15.30 47.35 295.82 7.08
205 | Portugal Oporto 84.49 1.62 21.95 31.05 0.91 36.80 0.01 325.86 14.42
206 | Portugal Ponta Delgada 304.28 0.33 18.75 72.17 0.05 6.76 4.22 -9999.00 -9999.00
207 | Romania Alba lulia 158.76 0.31 16.09 75.29 0.02 6.87 2.22 423.80 2.03
208 | Romania Arad 275.86 0.12 5.36 88.22 0.02 4.72 0.00 778.97 0.82
209 | Romania Bacau 178.46 0.29 38.30 52.30 0.07 7.08 17.09 851.80 1.10
210 | Romania Braila 391.86 0.05 18.47 78.65 0.00 2.43 34.66 1826.71 0.16
211 | Romania Bucuresti 834.78 0.35 14.53 68.59 0.20 14.70 8.29 631.51 2.67
212 | Romania Calarasi 114.59 0.05 3.09 92.90 0.02 3.34 2.25 352.27 1.14
213 | Romania Cluj Napoca 412.84 0.03 17.58 76.76 0.03 4.59 16.87 762.62 0.74
214 | Romania Craiova 262.30 0.08 16.90 75.94 0.03 5.88 15.86 1067.71 0.67
215 | Romania Giurgiu 59.08 0.01 13.12 83.39 0.00 3.02 49.81 752.83 0.46




16

Proportion

Proportion

Proportion

Proportion

Proportion

Proportion Artificial Number of
of urban of of of of . i

Order - LUZ Area green of natural agricultural | abandoned | impervious || protected . area .per inhabitants

D Country Cities/LUZ space area area area surface area inhabitant perarea
Km2 (%) (%) (%) (%) (%) (6 | (ma/person) | (Mot
216 | Romania Oradea 91.37 0.34 23.36 65.31 0.10 8.91 11.82 808.07 1.40
217 | Romania Piatra Neamt 70.68 0.02 20.14 64.83 0.10 11.88 29.28 733.15 2.05
218 | Romania Sibiu 470.38 0.12 60.63 35.56 0.01 3.20 87.31 543.11 0.70
219 | Romania Targu Mures 92.32 0.06 14.24 73.51 0.02 10.42 0.71 440.39 2.78
220 | Romania Timisoara 110.62 0.26 5.29 77.23 0.14 13.97 12.79 1405.01 1.24
221 | Slovakia Banska Bystrica 705.63 0.18 70.75 25.39 0.01 3.14 66.72 945.33 0.41
222 | Slovakia Bratislava 1682.72 0.44 43.41 47.94 0.04 6.43 50.14 857.67 1.01
223 | Slovakia Kosice 1532.34 0.23 45.96 47.83 0.01 4.55 67.38 900.58 0.69
224 | Slovakia Nitra 769.77 0.33 11.25 80.11 0.06 6.30 7.99 846.27 1.02
225 | Slovakia Presov 864.12 0.15 46.11 47.26 0.01 4.87 22.04 838.30 0.79
226 | Slovakia Trencin 592.02 0.22 51.43 41.45 0.05 5.69 6.86 767.29 0.93
227 | Slovakia Trnava 669.38 0.57 20.74 70.64 0.01 6.37 43.53 1016.11 0.85
228 | Slovakia Zilina 734.00 0.26 63.89 28.77 0.03 5.80 64.78 760.78 0.96
229 | Slovenia Ljubljana 2280.37 0.17 64.10 27.47 0.04 5.82 31.72 864.96 0.98
230 | Slovenia Maribor 2023.15 0.16 43.89 46.66 0.04 6.82 37.00 955.62 0.99
231 | Spain Alicante/Alacant 474.11 1.06 6.05 76.95 0.06 13.08 13.32 758.60 2.24
232 | Spain Barcelona 1348.63 1.82 35.67 37.62 0.35 24.54 30.44 337.88 7.91
233 | Spain Bilbao 816.03 0.59 53.19 35.97 0.11 7.20 12.36 599.25 1.81
234 | Spain Gijon 344.39 0.28 35.16 54.07 0.02 6.91 3.77 1491.35 0.72
235 | Spain Las Palmas 673.88 0.18 10.52 80.14 0.02 6.68 60.12 419.20 2.23
236 | Spain Logrono 1357.48 0.17 31.27 63.58 0.01 4.27 41.20 2590.12 0.20
237 | Spain Madrid 6775.34 0.70 9.27 80.98 0.08 5.94 66.18 767.25 1.27
238 | Spain Malaga 529.20 0.53 4.52 81.85 0.11 9.59 0.59 821.55 1.66
239 | Spain Murcia 438.55 0.12 13.64 74.71 0.09 9.97 27.72 687.73 1.69
240 | Spain Oviedo 2157.19 0.18 29.74 63.97 0.00 4.06 48.74 1217.32 0.52
241 | Spain Palma di Mallorca 1964.44 0.63 16.87 73.70 0.06 6.36 25.48 940.64 1.00
242 | Spain Pamplona/Iruna 4356.99 0.23 41.00 55.62 0.01 2.81 25.10 970.12 0.35
243 | Spain Santa Cruz de Tenerife 356.65 0.36 23.54 59.02 0.07 12.44 69.08 538.68 3.24
244 | Spain Santander 559.38 1.26 28.33 57.75 0.09 9.66 2.18 779.26 1.79
245 | Spain Santiago de Compostela 1131.66 0.14 49.59 39.25 0.02 6.37 0.63 1401.83 0.80
246 | Spain Sevilla 2774.34 0.33 4.85 85.71 0.14 7.77 20.36 638.59 1.48
247 | Spain Toledo 3384.64 0.08 5.48 90.92 0.02 3.05 59.86 1362.01 0.26
248 | Spain Valencia 1313.00 0.96 4.28 73.29 0.27 16.40 27.14 407.70 5.50
249 | Spain Valladolid 2839.12 0.29 13.64 80.53 0.16 4.62 7.73 1625.23 0.36
250 | Spain Vigo 1321.66 0.78 35.01 49.60 0.11 9.19 2.37 817.47 1.88
251 | Spain Vitoria/Gasteiz 2037.62 0.16 41.53 54.25 0.01 3.57 35.72 3200.83 0.13
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252 | Spain Zaragoza 1315.35 0.17 4.54 90.42 0.11 4.19 62.09 1091.14 0.46
253 | Sweden Goteborg 3778.72 1.12 66.46 22.25 0.03 6.01 4.33 1105.84 1.02
254 | Sweden Jonkoping 1536.05 0.42 78.80 16.72 0.01 3.01 11.12 2364.36 0.19
255 | Sweden Linkoping 2653.76 0.45 72.88 22.93 0.01 2.92 1.25 2379.56 0.18
256 | Sweden Malmo 1257.93 2.60 7.59 77.49 0.03 8.04 2.73 1052.73 1.42
257 | Sweden Orebro 2056.61 0.28 72.22 22.68 0.01 3.22 1.05 2030.15 0.25
258 | Sweden Stockholm 5785.01 1.47 68.40 20.42 0.05 4.71 2.14 1429.40 0.78
259 | Sweden Umed 7424.18 0.06 87.06 11.04 0.00 1.39 8.54 4351.98 0.04
260 | Sweden Uppsala 4631.22 0.25 74.88 21.20 0.01 2.44 5.57 2468.09 0.16
261 | United Kingdom | Aberdeen 6340.95 0.49 15.71 79.64 0.01 3.60 21.99 1297.93 0.36
262 | United Kingdom | Belfast 399.12 4.05 6.29 64.78 0.19 18.88 0.31 443,50 6.52
263 | United Kingdom | Birmingham 863.98 3.11 6.82 72.26 0.08 13.34 0.04 569.31 3.67
264 | United Kingdom | Bristol 874.01 3.45 7.44 68.50 0.11 14.69 1.56 483.52 4.97
265 | United Kingdom | Cambridge 902.03 2.19 3.25 84.42 0.01 7.04 0.07 855.77 1.44
266 | United Kingdom | Cardiff 1040.45 3.66 16.52 61.99 0.27 13.53 0.40 429.26 5.00
267 | United Kingdom | Coventry 354.23 2.53 3.90 80.43 0.04 10.17 0.00 633.68 2.47
268 | United Kingdom | Edinburgh 1478.78 2.19 10.68 77.07 0.02 7.98 1.42 549.45 2.23
269 | United Kingdom | Exeter 2405.40 1.05 13.02 76.04 0.02 7.61 2.47 832.74 1.31
270 | United Kingdom Glasgow 2729.10 2.41 15.94 70.24 0.09 8.71 4.29 443.11 3.12
271 | United Kingdom | Kingston-upon-Hull 2423.96 1.32 3.35 86.97 0.02 6.42 2.73 747.34 1.30
272 | United Kingdom | Leeds 3456.41 1.18 5.62 85.61 0.03 6.02 22.42 639.49 1.37
273 | United Kingdom | Leicester 1169.92 2.30 4.34 80.72 0.05 9.27 0.00 529.69 2.82
274 | United Kingdom | Lincoln 688.12 1.09 5.03 84.01 0.05 7.34 0.00 956.05 1.15
275 | United Kingdom | London 7518.61 6.00 14.27 56.92 0.03 14.72 4.05 486.31 5.92
276 | United Kingdom | Newcastle upon Tyne 2986.20 0.82 20.72 73.59 0.08 3.90 17.85 679.39 0.84
277 | United Kingdom | Nottingham 219.78 5.70 9.67 54.36 0.33 22.17 0.00 356.74 10.08
278 | United Kingdom | Sheffield 816.63 1.80 8.20 79.07 0.01 7.70 53.81 557.54 2.28
279 | United Kingdom | Stoke-on-trent 576.70 1.49 7.89 80.69 0.03 7.21 9.49 697.09 1.64
280 | United Kingdom | Wolverhampton 407.49 1.68 10.22 74.15 0.02 10.76 0.05 604.00 2.59
281 | United Kingdom | Worcester 1241.57 1.41 7.70 79.99 0.01 8.05 0.29 824.83 1.49
282 | United Kingdom | Wrexham 440.09 1.88 10.20 68.75 0.06 15.04 7.83 623.89 3.37
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Anthony Lawther: The application of GIS-based binary logistic regression for
slope failure susceptibility mapping in the Western Grampian Mountains,
Scotland (2008).

Rickard Hansen: Daily mobility in Grenoble Metropolitan Region, France.
Applied GIS methods in time geographical research (2008).

Emil Bayramov: Environmental monitoring of bio-restoration activities using
GIS and Remote Sensing (2009).

Rafael Villarreal Pacheco. Applications of Geographic Information Systems as
an analytical and visualization tool for mass real estate valuation: a case study
of Fontibon District, Bogota, Columbia (2009).

Siri Oestreich Waage: a case study of route solving for oversized transport:
The use of GIS functionalities in transport of transformers, as part of
maintaining a reliable power infrastructure (2010).

Edgar Pimiento: Shallow landslide susceptibility — Modelling and validation
(2010).

Martina Schdfer: Near real-time mapping of floodwater mosquito breeding
sites using aerial photographs (2010).

August Pieter van Waarden-Nagel: Land use evaluation to assess the outcome
of the programme of rehabilitation measures for the river Rhine in the
Netherlands (2010).

Samira Muhammad: Development and implementation of air quality data mart
for Ontario, Canada: A case study of air quality in Ontario using OLAP tool.
(2010).

Fredros Oketch Okumu: Using remotely sensed data to explore spatial and
temporal relationships between photosynthetic productivity of vegetation and
malaria transmission intensities in selected parts of Africa (2011).

Svajunas Plunge: Advanced decision support methods for solving diffuse
water pollution problems (2011).

Jonathan Higgins: Monitoring urban growth in greater Lagos: A case study
using GIS to monitor the urban growth of Lagos 1990 - 2008 and produce
future growth prospects for the city (2011).

Marten Karlberg: Mobile Map Client API: Design and Implementation for
Android (2011).

Jeanette McBride: Mapping Chicago area urban tree canopy using color
infrared imagery (2011).

Andrew Farina: Exploring the relationship between land surface temperature
and vegetation abundance for urban heat island mitigation in Seville, Spain
(2011).

David Kanyari: Nairobi City Journey Planner: An online and a Mobile
Application (2011).

93



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

Laura V. Drews: Multi-criteria GIS analysis for siting of small wind power
plants - A case study from Berlin (2012).

Qaisar Nadeem: Best living neighborhood in the city - A GIS based multi
criteria evaluation of ArRiyadh City (2012).

Ahmed Mohamed El Saeid Mustafa: Development of a photo voltaic building
rooftop integration analysis tool for GIS for Dokki District, Cairo, Egypt
(2012).

Daniel Patrick Taylor: Eastern Oyster Aquaculture: Estuarine Remediation via
Site Suitability and Spatially Explicit Carrying Capacity Modeling in
Virginia’s Chesapeake Bay (2013).

Angeleta Oveta Wilson: A Participatory GIS approach to unearthing
Manchester’s Cultural Heritage ‘gold mine’(2013).

Ola Svensson: Visibility and Tholos Tombs in the Messenian Landscape: A
Comparative Case Study of the Pylian Hinterlands and the Soulima Valley
(2013).

Monika Ogden: Land use impact on water quality in two river systems in
South Africa (2013).

Stefan Rova: A GIS based approach assessing phosphorus load impact on Lake
Flaten in Salem, Sweden (2013).

Yann Buhot: Analysis of the history of landscape changes over a period of 200
years. How can we predict past landscape pattern scenario and the impact on
habitat diversity? (2013).

Christina Fotiou: Evaluating habitat suitability and spectral heterogeneity
models to predict weed species presence (2014).

Inese Linuza: Accuracy Assessment in Glacier Change Analysis (2014).
Agnieszka Griffin: Domestic energy consumption and social living standards: a
GIS analysis within the Greater London Authority area (2014).

Brynja Guomundsdottir: Detection of potential arable land with remote
sensing and GIS - A Case Study for Kjosarhreppur (2014).

Oleksandr Nekrasov: Processing of MODIS Vegetation Indices for analysis of
agricultural droughts in the southern Ukraine between the years 2000-2012
(2014).

Sarah Tressel: Recommendations for a polar Earth science portal

in the context of Arctic Spatial Data Infrastructure (2014).

Caroline Gevaert: Combining Hyperspectral UAV and Multispectral
Formosat-2 Imagery for Precision Agriculture Applications (2014).

Salem Jamal-Uddeen: Using GeoTools to implement the multi-criteria
evaluation analysis - weighted linear combination model (2014).

Samanah Seyedi-Shandiz: Schematic representation of geographical railway
network at the Swedish Transport Administration (2014).

Kazi Masel Ullah: Urban Land-use planning using Geographical Information
System and analytical hierarchy process: case study Dhaka City (2014).
Alexia Chang-Wailing Spitteler: Development of a web application based on
MCDA and GIS for the decision support of river and floodplain rehabilitation
projects (2014).
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Alessandro De Martino: Geographic accessibility analysis and evaluation of
potential changes to the public transportation system in the City of Milan
(2014).

Alireza Mollasalehi: GIS Based Modelling for Fuel Reduction Using
Controlled Burn in Australia. Case Study: Logan City, QLD (2015).

Negin A. Sanati: Chronic Kidney Disease Mortality in Costa Rica;
Geographical Distribution, Spatial Analysis and Non-traditional Risk Factors
(2015).

Karen Mclntyre: Benthic mapping of the Bluefields Bay fish sanctuary,
Jamaica (2015).

Kees van Duijvendijk: Feasibility of a low-cost weather sensor network for
agricultural purposes: A preliminary assessment (2015).

Sebastian Andersson Hylander: Evaluation of cultural ecosystem services
using GIS (2015).

Deborah Bowyer: Measuring Urban Growth, Urban Form and Accessibility as
Indicators of Urban Sprawl in Hamilton, New Zealand (2015).

Stefan Arvidsson: Relationship between tree species composition and
phenology extracted from satellite data in Swedish forests (2015).

Damian Giménez Cruz: GIS-based optimal localisation of beekeeping in rural
Kenya (2016).

Alejandra Narvdez Vallejo: Can the introduction of the topographic indices in
LPJ-GUESS improve the spatial representation of environmental variables?
(2016).

Anna Lundgren: Development of a method for mapping the highest coastline
in Sweden using breaklines extracted from high resolution digital elevation
models (2016).

Oluwatomi Esther Adejoro: Does location also matter? A spatial analysis of
social achievements of young South Australians (2016).

Hristo Dobrev Tomov: Automated temporal NDVTI analysis over the Middle
East for the period 1982 - 2010 (2016).

Vincent Muller: Impact of Security Context on Mobile Clinic Activities

A GIS Multi Criteria Evaluation based on an MSF Humanitarian Mission in
Cameroon (2016).

Gezahagn Negash Seboka. Spatial Assessment of NDVI as an Indicator of
Desertification in Ethiopia using Remote Sensing and GIS (2016).

Holly Buhler: Evaluation of Interfacility Medical Transport Journey Times in
Southeastern British Columbia. (2016).

Lars Ole Grottenberg: Assessing the ability to share spatial data between
emergency management organisations in the High North (2016).

Sean Grant: The Right Tree in the Right Place: Using GIS to Maximize the
Net Benefits from Urban Forests (2016).

Irshad Jamal: Multi-Criteria GIS Analysis for School Site Selection in Gorno-
Badakhshan Autonomous Oblast, Tajikistan (2016).

Fulgencio Sanmartin: Wisdom-volkano: A novel tool based on open GIS and
time-series visualization to analyse and share volcanic data (2016).
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Nezha Acil: Remote sensing-based monitoring of snow cover dynamics and its
influence on vegetation growth in the Middle Atlas Mountains (2016).

Julia Hjalmarsson: A Weighty Issue: Estimation of Fire Size with
Geographically Weighted Logistic Regression (2016).

Mathewos Tamiru Amato: Using multi-criteria evaluation and GIS for chronic
food and nutrition insecurity indicators analysis in Ethiopia (2016).

Karim Alaa El Din Mohamed Soliman El Attar: Bicycling Suitability in
Downtown, Cairo, Egypt (2016).

Gilbert Akol Echelai: Asset Management: Integrating GIS as a Decision
Support Tool in Meter Management in National Water and Sewerage
Corporation (2016).

Terje Slinning: Analytic comparison of multibeam echo soundings (2016).
Gréta Hlin Sveinsdottir: GIS-based MCDA for decision support: A framework
for wind farm siting in Iceland (2017).

Jonas Sjogren: Consequences of a flood in Kristianstad, Sweden: A GIS-based
analysis of impacts on important societal functions (2017).

Nadine Raska: 3D geologic subsurface modelling within the Mackenzie Plain,
Northwest Territories, Canada (2017).

Panagiotis Symeonidis: Study of spatial and temporal variation of atmospheric
optical parameters and their relation with PM 2.5 concentration over Europe
using GIS technologies (2017).

Michaela Bobeck: A GIS-based Multi-Criteria Decision Analysis of Wind
Farm Site Suitability in New South Wales, Australia, from a Sustainable
Development Perspective (2017).

Raghdaa Eissa: Developing a GIS Model for the Assessment of Outdoor
Recreational Facilities in New Cities Case Study: Tenth of Ramadan City,
Egypt (2017).

Zahra Khais Shahid: Biofuel plantations and isoprene emissions in Svea and
Gotaland (2017).

Mirza Amir Liaquat Baig: Using geographical information systems in
epidemiology: Mapping and analyzing occurrence of diarrhea in urban -
residential area of Islamabad, Pakistan (2017).

Joakim Jorwall: Quantitative model of Present and Future well-being in the
EU-28: A spatial Multi-Criteria Evaluation of socioeconomic and climatic
comfort factors (2017).

Elin Haettner: Energy Poverty in the Dublin Region: Modelling Geographies
of Risk (2017).

Harry Eriksson: Geochemistry of stream plants and its statistical relations to
soil- and bedrock geology, slope directions and till geochemistry. A GIS-
analysis of small catchments in northern Sweden. (2017).

Daniel Gardeviirn: PPGIS and Public meetings — An evaluation of public
participation methods for urban planning. (2017).

Kim Friberg: Sensitivity Analysis and Calibration of Multi Energy Balance
Land Surface Model Parameters. (2017).

Viktor Svanerud: Taking the bus to the park? A study of accessibility to green
areas in Gothenburg through different modes of transport. (2017).
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Lisa-Gaye Greene: Deadly Designs: The Impact of Road Design on Road
Crash Patterns along Jamaica’s North Coast Highway. (2017).

Katarina Jemec Parker: Spatial and temporal analysis of fecal indicator
bacteria concentrations in beach water in San Diego, California. (2017).
Angela Kabiru: An Exploratory Study of Middle Stone Age and Later Stone
Age Site Locations in Kenya’s Central Rift Valley Using Landscape Analysis:
A GIS Approach. (2017).

Kristean Bjorkmann: Subjective Well-Being and Environment: A GIS-Based
Analysis. (2018).

Williams Erhunmonmen Ojo: Measuring spatial accessibility to healthcare for
people living with HIV-AIDS in southern Nigeria. (2018).

Daniel Assefa: Developing Data Extraction and Dynamic Data Visualization
(Styling) Modules for Web GIS Risk Assessment System (WGRAS). (2018).
Adela Nistora: Inundation scenarios in a changing climate: assessing potential
impacts of sea-level rise on the coast of South-East England (2018).

Marc Seliger: Thirsty landscapes - Investigating growing irrigation water
consumption and potential conservation measures within Utah’s largest master-
planned community: Daybreak. (2018).

Luka Jovici¢: Spatial Data Harmonisation in Regional Context in Accordance
with INSPIRE Implementing Rules. (2018).

Christina Kourdounouli: Analysis of Urban Ecosystem Condition Indicators
for the Large Urban Zones and City Cores in EU. (2018).
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