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1. Introduction

Resilient ecosystems are essential for the maintenance of biodiversity and the continued support of
ecosystem services under global change scenarios. Ecological quality consists of different
components (energy fluxes, matter flows, diversity aspects) which all contribute to the integrity,
stability and resilience of ecosystems. Urbanization, as the main driver for habitat degradation,
impacts several of these components, but till now attempts to measure or estimate ecological quality
of urban systems are scarce. A major concern is that urban socio-ecological systems can cross biotic
and/or abiotic thresholds [Ramalho & Hobbs 2012], with severe implications for the risk for
destructive events. Connectivity is essential for resilient ecosystems: dispersal and other movements
of organisms are recognized as key processes for the survival of small isolated populations, and the
shrinking of semi-natural areas is assumed to be partially mitigated by increasing connectivity
between habitat patches. However, on-going fragmentation and habitat isolation results in a decline
of populations and decreased species richness. Fragmentation also alters the delivery of ecosystem
services dependent on biodiversity [e.g. pollination: Tylianakis et al. 2008]. Urban zones are
ecologically characterized by habitat patches that are small, fragmented and isolated [Goddard et al.
2009], and urbanisation and infrastructure development have been main drivers for fragmentation of
natural and semi-natural areas, river networks and associated wetlands. Connectivity is dependent
on the type of landscapes and species involved [Kindlmann & Burel, 2008].

Ecosystem functioning and biodiversity are essential components of ecological quality. Both are
defined as the specific functions or functional groups/biodiversity which support the supply of
ecosystem services. This responds to the category of supporting services (e.g. habitats for species,
maintenance of genetic diversity). For species, the trend towards greater extinction risk for several
taxonomic groups shows no sign of decrease. Where ecosystem services have been assessed, many
are found to be in decline. Urban areas can support high levels of biodiversity and this urban diversity
plays an important role in long-term ecosystem functioning [Alvey 2006]. The biodiversity of highly
urbanized areas can act as an important reserve of biodiversity [Aradjo 2003], harbouring
endangered species [Alvey 2006]. Especially the loss and fragmentation of natural habitat sharply
reduced the richness of taxa in the urban core [McKinney 2002]. Global changes exert additional
pressures on ecosystems, and reduced resilience (quality & connectivity) of urban ecosystems
renders them especially vulnerable to these pressures.

Ecosystems are used by humans. This ecosystem use always invokes an investment, be it intellectual
capital (e.g. contemplating a beautiful landscape), labour (e.g. biking in a park, maintaining treelines)
or energy (e.g. fuel input in agricultural production). Therefore, managed ecosystems are situated on
a continuum from nature-based to technology [Maes & Jacobs, 2015]. In this sense, all ecosystem

services-uses are a combination of nature-based, human and fuel-based inputs. Green and blue



urban networks fulfil a broad range of economic, social and ecological services, and the management
(‘investment’) or the actual use of these areas will determine the final bundle of services humans and
the ecosystem will derive from them. Urban infrastructures with a natural component are therefore
able to produce a number of (economic, social, ecological) co-benefits which their ‘grey’
counterparts do not. With some exceptions [e.g. EImqvist et al. 2013], the relationships between
urban ecosystems/infrastructures and biodiversity levels required to enhance or maintain key
services have rarely been studied with the purpose of designing improved / optimal use or
management, with many residents/users taking part in nature management, enjoying and valuing
‘natural’ areas [Svendsen & Campbell 2008] with different purposes.

Once the ecological, social and economic values of ecosystems have been determined for a certain
context, the management can be adapted. However, urban contexts are highly complex, with sharp
spatial gradients in well-being and human needs. This immediately invokes ethical questions of
distribution: who benefits and how to balance the needs of one stakeholder to the wants of another.
Also, choices concerning inter-generational issues have to be made, especially in the context of
global change and conservation of ecosystem resilience to serve the next generations by restricting
use by this generation. Effectiveness of tools and operationalization of findings also depends on a
large number of governance and communicative factors. These issues can only be tackled in a local,
place-based and in-depth participatory research approach.

This document collects the results from Working Package 1 tasks considering the following this
objectives:

1) Collecting data for ecological characterization (Task 1.1).

2) Characterizing the study cases from an ecological point of view (Task 1.2).



2. Study areas
The work shall be carried out in 4 urban case studies, selected to cover a broad range of socio-
ecological and governance contexts in Europe.

-Vilnius (Lithuania, humid continental climate, Koppen Dfb) has approximately 500.000
inhabitants. It is the capital of Lithuania and its historic centre is listed in the UNESCO world heritage.
Despite the increasing urban sprawl, especially in the post-socialist period, large parts of the city are
covered by green areas, such as urban parks, private gardens (e,g. Zveryinas) and protected areas,
which provide a wide range of services to city inhabitants. The intensive use of green areas, makes
Vilnius a living laboratory for testing the importance of green infrastructure and ecosystem services
in urban areas.

-Leipzig (Germany, humid continental climate, Koppen — between Cfb and Dfb) has about
530.000 inhabitants and is located in the Federal State of Saxony in the eastern part of Germany. Its
urban structure is characterised by an inner residential ring of Wilhelminian housing estates around
the city centre. The following mixed residential and industrial areas consisting of mostly multi-storey
houses, and urban sprawl, have led to many single family homes in suburban areas. The Weisse
Elster river and minor others flow through the city partly accompanied by Riparian forests,
intersecting the city from S to NW. Leipzig is also characterised by many and diverse green spaces,
about 10% of the 300 km? of city area are covered by forests and parks. Finally, Leipzig provides1200
ha of allotment gardens, one parcel for every 14th inhabitant.

-Coimbra (Portugal, Mediterranean climate, Koppen Csb) is housing 150.000 inhabitants. It is
the biggest city in the Centro Region, a transition area between Mediterranean and Atlantic climate.
It has a medieval centre surrounded by several areas of expansion, especially since the 19th century,
accompanied by a variety of green infrastructures that witness the needs of different generations for
leisure, recreation and contact with nature. It has one of the best (= species rich) Botanical Gardens
and a Green infrastructure and diversity include river bank ecosystems, different types of gardens,
backyards, areas specifically assigned for urban agriculture and urban forests, providing a
differentiated set of ecosystem services.

-Genk (Belgium).

-OTHER STUDY AREAS

-Malaga (Spain, temperate with dry and warm summer, Koppen Csa) is a city of about
570,000 habitants, the sixth in Spain. The historical centre is small but with important roman, arabic
and cristian monuments as well as many different museums. It is a typical Mediterranean city in
shoreline with an important lack of green areas. This city could be an interesting laboratory for

designing strategies to widen the existence of GBI and their ecosystem services to citizens.



-Ghent (Belgium, Temperate maritime climate, Koppen Cfb) is a city of about 200.000
inhabitants, and the 2nd biggest city in the Flanders region. The medieval centre is surrounded by a
dense belt of urban neighbourhoods built in the 19th century. Apart from water regulation issues,
the city suffers from noise and serious air pollution from traffic and industrial activities and lack of
accessible green space. The cities’ inhabitants and government are taking major efforts to increase
available green space, decrease traffic and pollution, reduce climate impacts and increase
biodiversity. Major efforts have been undertaken to increase the ecological network in and around
the urban zone, for ecological as well as socio-economic reasons. The city of Ghent is a living
laboratory of well-documented experiments with urban ecosystems at various scales and from

townhall-directed to entirely autonomous in governance.



3. Methodology and results

3.1. Remote sensing images and pre-analysis treatment

The study area selected for each study case considered the location of old-towns and the spread of
urbanization in the last 30-years, including urban, peri-urban, natural and semi-natural areas from
Coimbra, Leipzig, Vilnius, as well as from Ghent and Malaga (Table 1). The remote sensing images
were that obtained by the lkonos satellite, launched in 1999, with a spatial resolution of 1 and 4 m in
the panchromatic and multispectral bands, respectively (Table 2)..

Table 1. Area of study in each city.

City Area (ha)
Coimbra 6,044.17
Gante 17,162.59
Leipzig 25,943.72
Vilnius 29,468.13

Table 2. Image date in each city.

City Date
Coimbra 18/Jun/2017
Gante 02-04/Apr/2017
Leipzig 17-29/Aug/2016
Vilnius 20/0ct/2016
Malaga 26/May/2017

The remote sensing images were pre-treated before their use. This pre-treatment consisted in
techniques of pre-processing images conducted with the software IDRIS version Terrset. These
included the following: mosaic elaboration; pansharpening; geometric and atmospheric correction.

a) Elaboration of mosaics

This process refers to the combination of radiometric feature from a certain group of images, which
are ensembling to obtain either a major image in size or substituting areas cover by clouds. This

process was necessary in Leipzig and Ghent ensembling two close images in time (Fig. 1).
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Fig 1. Results of ensembling process for the images from Leipzig.

b) Pansharpening

This process consist in the combination of low-resolution multi-spectral images with high-resolution
panchromatic ones in order to obtain a final image with more details in shape and texture. This
combination increments the spatial resolution of multi-spectral images conserving the spectral data.
This technique was applied to obtain images with a spatial resolution of 0.5 m in each city, remaining
similar the spectral values of bands. To do this, the intensity-hue-saturation method (HIS) was carried
out.

c) Geometric correction

Despite the images are referenced in origin, there was a certain lack of coincidence between these
and the cartography of study areas. The geometric correction is based on the establishment of a
spatial correspondence between the coordinates of image pixels and of objects located in the cities
by means of a transformation function. To do this it is necessary to define ground control points. The
orthorectification is similar to this method but considering the z coordinate as well. More than 800-
ground control points were defined to orthorectify the images in each city with mean-quadratic error
indicated in table 3. The interpolation method was Inverse Distance Weighting (so, the pixel digital
values were not modified), while the transformation function was built considering the topographic
features in each city.

Table 3. Results of the geometric correction.

City Ground control points Mean quadratic error Function
Coimbra | 888 1.3 Quadratic
Gante 914 1.12 Linear
Leipzig 714 1.5 Linear
Vilnius 1024 1.6 Quadratic




c) Atmospheric correction
The atmosphere may influence the radiation registered by sensor meaning this could be different
from that reflected by the Earth surface. The atmospheric correction corrects errors in digital levels.

To do this the AtmosC module in Idrisi Terreset software was selected.

3.2. Land uses classification

The multispectral or digital classification is a technique, which let grouping the image pixels according
to their digital levels making possible their classification in a certain type of coverage (vegetation,
bare soil, water body, etc.) in order to obtain a thematic map of land use (Fig. 2).
The map of land use in each city was conducted by means of the multispectral classification process
and its combination with very recent techniques as object-oriented classification with Idrisi Terrset
software. Previously, it was necessary to generate training areas and apply the classificatory ‘Max
likelihood’ in order to obtain the final land use with the following categories:

-water bodies (river, lake, and channel),

-tree cover (forest, tree patches and isolated trees),

-shrub cover (shrub areas, shrub patches and isolated shrubs),

-meadow (meadows and grass in urban and periurban areas),

-bare soil (uncovered soil, unpaved roads, brownfields),

-Impervious surface (paved roads, buildings, etc.).
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3.3. Ecological analysis

The peri-urban area of the study cities are characterized by a very dense urbanization areas over
more than 10,000 ha corresponding to more than 50% of the total city (in Ghent, 60%). However,
most of cities keep natural areas of great interest and remarkable ecological and landscape diversity,
including community habitats despite of urban pressure and environmental impacts. In this case,
some natural areas become biological islands, isolated owing to the wide-spread urban growth and
proliferation of grey infrastructures.
It is well known protected and isolated natural areas may be not enough to conserve biodiversity and
fulfil other important ecological and social functions (Formand and Gordon, 1986). Besides, some
studies observed important components of biodiversity, e.g. threatened or endangered species of
birds, not only appear in these natural areas but also outside, just either in farming and peri-urban
areas forming a mosaic landscape.
The concern of keeping ecological connectivity between natural areas appeared as result of the
ecosystem fragmentation. Owing to this many national and international strategies and directives
insist in taking into consideration the ecosystem functioning and, mainly, the ecological connectivity
when policies of land and biodiversity management are promulgated and applied (e.g., Global
Strategy for Biodiversity in 1992, Pan European Strategy for Biological Diversity and Landscape in
1995, European Union Biodiversity Strategy in 1998, etc.).
The application of landscape metrics contributes with interesting and useful quantitative results
about landscape composition and configuration, proportion of each type soil coverage, and the
surface and shape of landscape elements. Furthermore, these metrics make possible the comparison
between different landscape configurations, temporal variability, and defining future scenarios
(Gustafson, 1998).
The quantitative methods in landscape ecology are applicable in three levels or spatial scales
(McGarigal and Marks, 1995; Botequilha et al., 2006): patch, class, and landscape. There are a great
variety of metrics to be calculated in each level and grouped in this way:

-Area and edge indexes.

-Shape index.

-Ecotone and interior habitat indexes.

-Diversity index.

-Distance, neighbour and connectivity indexes.
In this study, some of these metrics are applied in class and landscape level for the case study cities

considereing two levels of analises:



-City approach: Area covers by the remote sensing images including urban, periubran, natural

and brownfield lands.
-Experimental site approach: Specific study areas selected in each case study city, considering

the type of soil coverage in the parks and gardens mapped in side the urban and peri-urban areas.

3.3.1. Normalized Difference Vegetation Index

The Normalized Difference Vegetation Index was calculated for each remote sensing image.
Following, in Fig. 3, it is shown the mapping result of its application for the entire study region and

the experimental sites.
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3.3.2. Landscape analysis

3.3.2.1. Region approach

The region approach considers the whole area included in the remote sensing images from each city.
3.3.2.1.a. Landscape analysis of land uses

Land use was mapped based on oriented-object classification of RSI. After, the land uses were
classified in three categories: blue, green, and grey infrastructures. Table 4 and 5 shows data about
both types of coverages. In 2017, three of the study areas showed a major presence of natural
coverage: Comibra, 72%; Leipzig, 69%; Vilnius, 66%; Ghent, 38%. Nevertheless, the urban and
periurban areas occupied around 25 to 30%.

Table 4. Urban, peri-urban, and other generic land uses.

City Type of land use Area (ha) Area (en %)

Coimbra Natural, Seminatural y Rural 3928.58 65.00
Periurban 1911.38 31.62
Urban 204.21 3.38
Total 6044.17 100.00

Gante Natural, Seminatural y Rural 6548.77 38.16
Periurban 10138.42 59.07
Urban 475.40 2.77
Total 17162.59 100.00

Leipzig Natural, Seminatural y Rural 14124.04 54.44
Periurban 11725.95 45.20
Urban 93.73 0.36
Total 25943.72 100.00

Vilnius Natural, Seminatural y Rural 17274.60 58.62
Periurban 11063.87 37.55
Urban 1129.66 3.83
Total 29468.1331 100.00

Tabla 5. Area occupied by infrastructures categories.

City Category Polygon numbers Area (ha) Area (%)
Coimbra BI 639 303.9 3.41
Gl 107277 6423.1 72.14
Greyl 11938 2176.2 24.44
Gante BI 313.00 704.4 4.10
Gl 339443.00 11115.1 64.76
Greyl 1308.00 5343.1 31.13
Leipzig BI 378 550.4 2.07
Gl 523544 18428.2 69.45
Greyl 63471 7556.0 28.48
Vilnius BI 793.00 573.4 2.19
Gl 346448.00 17356.4 66.15
Greyl 13566.00 8307.0 31.66




Two main conclusions can be drawn from this data: i) spatial dominance of Gl (>60%), based on the
presence of forests, shrublands and meadows in rural areas, while trees, fences and grass, gardens,
and bare soils within the urban and periurban areas; ii) high spatial pressure, especially, in urban and
industry areas, occupying from 24 to 30% of each city.

Based on data shown in tables 4 and 5, the previous mentioned landscape indexes were calculated:
-Area and edge indexes.

The results are shown in table 6 and 7 and indicate a general fragmentation of landscape in the study
areas. It is remarkable the number and mean size of patch (numP and MPS) as well the absolute size
of patches.

Tabla 6. Indexes of area and shape.
Abbreviations: TE, edge total; ED, edge density; MPE, mean patch edge; MPS, patch shape; NP,
number of patches; PSCoV, variance of patch size; PSSD, patch size standard deviation; TLA, total
area; CA, class total area.

City TE ED MPE MPS | NP PSCoV PSSD | TLA CA

Coimbra | 14137708.34 | 1587.93 | 117.96 | 0.07 | 119854 3879.74 | 2.88 | 8903.26 | 8903.26

Gante 30796492.90 | 1794.40 | 90.30 0.05 | 341064 6313.82 | 3.18 17162.55 | 17162.55

Leipzig 48815670.28 | 1839.71 | 83.11 0.05 | 587393 17407.15 | 7.86 26534.50 | 26534.50

Vilnius 33595446.70 | 1280.47 | 93.11 0.07 | 360807 7091.87 | 5.16 26236.80 | 26236.80

Tabla 7. Shape indexes.
Abbreviations: AWMSI, Area weighted Mean shape index; MSI, shape index; MPAR, mean perimeter-
area ratio; MPFD, Dimension fractal Perimetro-Area; AWMPFD, Area weighted Mean fractal
dimension.

Ciudad | AWMSI | MSI | MPAR | MPFD | AWMPFD
Coimbra | 15.36 | 1.54 | 8270.95 | 1.81 | 1.60
Gante 19.58 | 1.48 | 8432.93 [ 1.83 | 1.62
Leipzig | 61.47 | 1.45 | 7622.32 | 1.81 | 1.62
Vilnius | 22.76 | 1.38 | 9070.88 | 1.82 | 1.59

-Shannon’s indexes

Despite of the dominance of natural coverage in the studied areas, the structural analysis manifest
the magnitude of changes owing to the spread of urbanization. At landscape scale, by means of
structural metrics, the diversity of coverage types and landscape fragmentation. The table 8 collects
the results of these indexes. Although there are not too much differences in the landscape patterns,
SDI and SEI show the landscape heterogeneity, especially in Ghent and Leipzig, followed by Vilnius
and Coimbra.

Tabla 8. Landscape diversity indexes.
Abbreviations: SDI, Shanon Eveness index; SEI, Shanon

City SDI SEI

Coimbra | 0.70 | 0.63
Gante 0.78 | 0.71
Leipzig 0.77 | 0.56
Vilnius 0.72 | 0.66




3.3.2.1.b. Landscape analysis of GBI classes

-Area and edge indexes.

The landscape structura analysis in the GBI classes approach let evaluate the stability, area, and
spatial distribution of each type of patch as well as either the diversity or the evenness within the
landscape. At this scale of approach, table 9 and 10 show the result of the calculated indexes. The
results indicate the dominance of patches classified as natural, especially when forest and shrublands
are considered, and, remarkably, in Vilnius and Leipzig.

These coverages, especially those forests of confifers, are those patches more abundant in number
and density with a high mean value of area and size as well as high equi-frequency and low level of
intermingling owing to their dense spatial configurations. The anthropic pressure has rendered into a
major fragmentation at class level. In view of the results, the landscape pattern in this level
corroborate the dominance of natural coverage. The rural abandonment in the surroundings may be
resulted in changes in the landscape structure. The progressive reduction in cultivated patches
increments the complex of landscape shape favouring the proximity and intermingling tendencies in

each class of coverage .

Tabla 9. Indexes of area and shape.
Abbreviations: TE, edge total; ED, edge density; MPE, mean patch edge; MPS, patch shape; NP,
number of patches; PSCoV, variance of patch size; PSSD, patch size standard deviation; TLA, total
area; CA, class total area.

City Class TE ED MPE MPS | NumP PSCoV | PSSD TLA CA
Coimbra | Gl 10975434.27 1232.74 | 102.31 0.06 | 107277 | 0.00 3828.40 2.29 8903.26
Greyl 3035059.66 340.89 254.24 0.18 | 11938 0.00 3280.01 5.98 8903.26
BI 127207.82 14.29 199.07 0.48 | 639 0.01 576.24 2.74 8903.26
Gante Gl 25633760.79 1493.59 | 75.52 0.03 | 339443 0.00 1228.15 0.40 17162.55
Greyl 4878934.35 284.28 3730.07 | 4.08 | 1308 0.02 1237.20 50.54 17162.55
BI 283797.76 16.54 906.70 2.25 | 313 0.35 390.47 8.79 17162.55
Leipzig Gl 36876119.89 1389.74 | 70.44 0.04 | 523544 | 0.00 3495.24 1.23 26534.50
Greyl 11805935.86 444.93 186.01 0.12 | 63471 0.01 19850.22 23.63 26534.50
BI 133614.53 5.04 353.48 1.46 | 378 0.03 1018.57 14.83 26534.50
Vilnius Gl 24376772.33 929.11 70.36 0.05 | 346448 | 0.00 6792.94 3.40 26236.80
GREYl | 8954798.52 341.31 660.09 0.61 | 13566 0.04 3308.07 20.26 26236.80
BI 263875.85 10.06 332.76 0.72 | 793 0.02 542.05 3.92 26236.80




Table 10. Shape indexes.
Abbreviations: AWMSI, Area weighted Mean shape index; MSI, shape index; MPAR, mean perimeter-
area ratio; MPFD, Dimensidn fractal Perimetro-Area; AWMPFD, Area weighted Mean fractal

dimension.
Ciudad Class AWMSI | MSI MPAR MPFD | AWMPFD
Coimbra | Gl 8.03 1.54 | 8182.97 | 1.81 1.58
Greyl 38.73 1.54 | 9151.17 | 1.83 1.68
BI 2.74 1.54 | 6595.93 | 1.76 1.38
Gante Gl 5.23 1.47 | 8428.86 | 1.83 1.61
Greyl 51.60 3.30 | 9666.85 | 1.74 1.66
BI 3.11 2.93 | 7693.36 | 1.59 1.40
Leipzig Gl 5.94 1.45 | 7899.49 | 1.83 1.58
Greyl 201.24 1.43 | 5361.09 | 1.71 1.73
BI 1.99 1.79 | 3420.61 | 1.61 1.30
Vilnius Gl 10.30 1.35 | 9063.20 | 1.83 1.57
GREYI 50.09 2.07 | 9305.30 | 1.63 1.65
BI 3.82 2.15 | 8412.20 | 1.63 1.43

-Connectivity analysis

There are indexes to calculate the distance between the edge and ecotone habitat of one type of
patch to the nearest which similar in type. These are determinant to evaluate the isolation or
connectivity between patches of similar coverage type, based on a major isolation implies a
reduction in the possibilities to either host or keep a certain level of biodiversity (Forman, 1995; Hilty
et al., 2006). There are two remarkable indexes to do this:

-Nearest Neighbor Distance: distance measured from one patch to another similar.

-Connectivity. Number of functional junctions between patches expressed in percentage.
Indeed, connectivity is defined as the number of functional junctions between patches of similar
coverages, where every patch is connected or even is not based on distance criterion defined by the
user. The connectivity informs about the likelihood percentage of maximum connectivity considering
the total number of patches for a certain type of coverage. The distance can be either Euclidian or
functional.
The nearest distance is calculated considering patches of similar coverage in two spatial approach as
other landscape indexes:

-green areas within the rectangle limiting the remote sensing images (regional approach).

-green infrastructures selected in the case study cities, considering coverage of forest,

shurbland, meadow, and water bodies).



The distances indicated in Table 11 were established in order to make a first approach to the
connectivity between Gl considering their spatial distribution within the cities. The results of index
calculations are shown in table 12. These indicate the isolated level of connectivity between the
patches of similar coverage.

Table 11. Distances considered in the calculation of the connectivity index in each city.

Leipzig | Vilnius | Gante | Coimbra
Distance (m)

50 50 50 50

100 100 100 100
500 500 500
1000 1000 1000
3000 3000 3000
6000 6000

The interpretation of connectivity index results reveals the level of connectivity between patches of
similar coverage. Vilnius and Coimbra cities stand out Leipzig and Ghent considering green areas
from Vilnius and Coimbra (forest, tree groups, and isolated trees, or shrubland and group of shrubs).
When 6 km of distance is taken into account, green areas from Coimbra and Vilnius show a
connectivity exceeding 50% of them. This maybe result of being a not too much extensive city in the
case of Coimbra (connectivity = 80%) and because of being surrounded by green areas along the river

as well as the periurban area.

Table 12. Results of connectivity indexes.

Coimbra

Classe Connectivit | Connectivit | Connectivit | Connectivit | Connectivit | Connectivit | Connectivit
S Yy Yy Yy Yy Yy y y

500m 1000m 2000m 3000m 4000m 5000m 6000m

Green 2.0547 6.2997 19.7309 37.095 54,1924 69.4076 81.7933
areas

Ghent

Green 0.7973 2.6249 8.5888 16.515 25.3413 34.238 43.2924
areas

Leipzig

Green 0.4539 1.4779 5.1517 10.5583 17.3424 25.0889 33.4583
areas

Vilnius

Green 0.8285 2.6965 9.4054 19.0632 30.3649 42.1863 53.8001
areas
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Fig. 4. Connectivity index between green areas of forest and trees.

3.3.2.2. Green infrastructure approach (experimental sites)

-Distance and Neighbors Indexes

80 90

When the distance between similar class patches is analysed (ENN) in each type of coverage within

the experimental sites, it can be highlighted the vegetation classes register major number in patches

(NP) than those of building or urban (Table 11). Similarly, the distance to the closest similar class

patch (ENN_MN) as well as the distance means, excepting Leipzig, always show lower values in the

case of natural classes demonstrating the short proximity between patches of these classes. Here,

Vilnis city presents the highest differences in the distance between patches of either aisolated trees

or forests and urban areas, maybe as result of a less repid urban growth.

Tabla 11. Minimum distances between clasess.

City Classes NP | ENN_MN | ENN_MD

Coimbra Water bodies 143 | 28.56 4.52
Tree cover (forest, trees, and isolated tree) 529 | 5.94 4
Fences (fences and isolated fence ) 260 | 13.82 8.06
Meados (meadows and grass in urban and periurban gardens) 600 | 8.57 5.18
Bare soil 239 | 20.33 8.07
Impervious surface (paved roads, buildings, etc.) 146 | 27.43 7.46

Gante Tree cover (forest, trees, and isolated tree) 18 5.14 3.64
Fences (fences and isolated fence ) 9 7.35 4.03
Meados (meadows and grass in urban and periurban gardens) 12 6.9 2.70
Bare soil 3 9.31 4.47
Impervious surface (paved roads, buildings, etc.) 11 2.58 1.11




Leipzig Water bodies 18 165.45 6.98
Tree cover (forest, trees, and isolated tree) 475 | 7.71 3.5
Fences (fences and isolated fence ) 1113 | 8.77 5.65
Meados (meadows and grass in urban and periurban gardens) 784 | 7.32 4.60
Bare soil 116 | 48.40 28.62
Impervious surface (paved roads, buildings, etc.) 621 10.30 6.70

Vilnius Tree cover (forest, trees, and isolated tree) 57 8.63 2.82
Fences (fences and isolated fence ) 33 63.86 33.10
Meados (meadows and grass in urban and periurban gardens) 206 16.44 7.44
Bare soil 17 27.61 16.32
Impervious surface (paved roads, buildings, etc.) 28 52.62 9.84

-Connectivity index

The distances indicated in Table 12 were established in order to make a first approach to the

connectivity between Gl considering their spatial distribution within the cities. The results of index

calculations are shown in table 13. These indicate the isolated level of connectivity between the

patches of similar coverage.

Table 12. Distances considered in the calculation of the connectivity index in each city.

Leipzig | Vilnius | Gante | Coimbra
Distance (m)

50 50 50 50

100 100 100 100
500 500 500
1000 1000 1000
3000 3000 3000
6000 6000

Table 12. Results of connectivity index.

Leipzig

Classes Connectivity | Connectivity Connectivity | Connectivity | Connectivity Connectivity
50m 100m 500m 1000m 3000m 6000m

Water 15.0327 16.3399 33.9869 36.6013 70.5882 100

bodies

Forest 1.734 3.6012 12.1555 19.5328 64.1928 98.7315

Shrublad 0.7621 1.975 10.4375 16.5652 57.6986 98.0723

Meadow 0.9865 2.2757 11.2698 17.3486 56.8083 97.9458




Gante

Clases Connectivity | Connectivity
50m 100m
Forest 45.7516 90.1961
Shrublad 50 100
Meadow 60.6061 96.9697
Vilnius
Clases Connectivity | Connectivity | Connectivity | Connectivity
50m 100m 500m 1000m
Water bodies
Forest 6.9549 10.1504 41.792 71.8045
Shrublad 2.6515 6.4394 43.3712 70.8333
Meadow 2.6853 6.2704 42.1643 81.7665
Coimbra
Classes Connectivity | Connectivity Connectivity | Connectivity | Connectivity | Connectivity
50m 100m 500m 1000m 3000m 6000m
Water 3.3488 5.9982 26.1696 43.9279 72.1166 100
bodies
Forest 1.6004 3.2294 17.3598 29.3428 81.0585 99.9928
Shrublad 2.2513 4.8708 33.858 58.6813 96.7063 100
Meadow 1.1848 2.6427 17.2844 34.7101 77.9994 99.9889

In the forest areas, either the groups of trees or the isolated trees reveals Ghent’s parks show the

best connectivity in each of the considered distances, although this result may be not very

representative because there was only one experimental site in this city. Because of this, Ghent is not

considered for make a comparison between the case study cities. Vilnius obtanied the major

connectivity between Gl followed by Coimbra and Leipzig, both of them with relatively low values

(<30%). This is consequence of an urban growth passing from very dense areas to difuse and

fragmented ones, reflecting the few possibilities of maintance a major degree of biodiversity.
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Fig. 5. Indexes of connectivity between areas with tree coverage.

In the case of considering the water bodies for the calculations, it is remarkable the results for Leipzig

because of the major percentages in first 500 m of distance, though both cities, Leipzig and Coimbra,
show similar values of connectivity over 1 km.
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Fig. 6. Indexes of connectivity between water bodies.



3.4. Accessibility analysis

Actually, green infrastructures are configured as elements of great importance in urban areas, due to
their ability to provide ecosystem services to society. Within these, human health and wellbeing are
some of the main topics of study. In relation to them, the accessibility study is configured as an
element of great importance (La Rosa, 2014).

Accessibility can be understood as the ability to approach something, and refers to the spatial
characteristic related to the possibility of urban habitants to arrive from a place of origin, usually
their residence, to a particular place, for usually a green area (Quatrini et al. 2018). Due to this,
accessibility is a variant, which shows us an approximation of the number of urban green areas and
their urban distribution (Kun et al. 2012).

Accessibility to green infrastructures can be studied following different methods: buffer zone,
minimum distance method, gravity model, and network analysis (Jing Ma, 2016). From all of them
the most reliable method usually is network analysis, which is more accurate and based on the actual
roads and their associated speeds. This method is conducted in GIS application, through different
programs. In our case (Coimbra, Vilna, Leipzig and Ghent cities), the network dataset has been
obtained from the data of green infrastructures, the road network, and the urban contour for each
city. The methodological steps followed were the follogin:

1) Firstly, in every green infrastructure, the entrances to all of them were delimitated, using Google
Earth and Street View (Fig. 7). This process can be observed in other studies (Quarini et al. 2018)

(Shuk, 2016).

\ A Gl entrance

Fig. 7. Example of localized entrances to green infrastructure in Leipzig



2) Regarding the road network, the process was more complex, building the Network Dataset with
ArcGis tool (Fig. 8), taking as reference 4 km/h as the average speed of a pedestrian walking

(Stanners and Bordeau, 1995).

#™4 Road Network
@  NDJunctions

Fig. 8. Example of Road in Coimbra

3) Based on the previous road network, it was created the service area, which is defined as the region
that includes in its interior all the streets that can be accessed from a point in the space of the
entrances to green infrastructures, based on the road network (Unal et al. 2016). For these service
areas, different time intervals were selected, referring to the time that a person takes walking from
their origin point (residential area) to the nearest entrance to one of the green infrastructure. The

time intervals selected (in minutes) were the follwoing: 0-5, 5-10, 10-15, 15-30, 30-60, 60-120, >120.



4) Finally, based on these service areas, it was mapped the accessibility in every case study (Fig. 9).
Considering the results, the most accessible experimental sites were found in Coimbra, Leipzig,

Vilnius, and Ghent, in this order.
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ACCESSIBILITY BY FOOT TO GREEN INFRASTRUCTURES IN COIMBRA

Accessibility (minutes)
0-5 Green Infrastructures

I 510 A Entrances to Green Infrastructures

10-15 D Contour of Coimbra
15-30

30-60
B s0-120
I >120

2,4

32
Km




ACCESSIBILITY BY FOOT TO GREEN INFRASTRUCTURES IN VILNA

Accessibility (minutes)

B 05 [ Green Infrastructures

- 5-10 4 Entrances to Green Infrastructures|
10-15 DContourofVilna
15-30
30-60

I s0-120

B -120




ACCESSIBILITY BY FOOT TO GREEN INFRASTRUCTURES IN GENT

I s-10
10-15
15-30
30-60
B s0-120
I >120

Accessibility (minutes)
0-5

l:l Green Infrastructures

4 Entrances to Green Infrastructures

D Contour of Gent

A




3.5. Example of heat island effect analysis

3.5.1. Methodology

3.5.2. Example of heat island in Vilnius

The heat island mapping is based on the land use map from Vilnius. This map is converted in an
emissivity map for every type of coverage using a guideline including in the IDRISI software. This
table show the reflectance of different soil surface and coverage. This map of emissivity is combined
with the band 10 from Landsat-8 OLI (thermal band), and other parameters extracted from metadata
in Landsat-8 OLI (constants K1 and K2), gains and losses, etc. As result it is obtained one map in
which each pixel has a value representing the ground temperature (Fig. 10).

Temperature of the urban surface in Vilnius, Aguest 2017
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Fig. 10. Ground temperature in Vilnius (Aug-2017).



Next the frequency histogram is analysed and pixel with values exceeding the mean temperature are
selected. One or two standard deviation may be chosen to map the areas with the most extreme
temperature in the study area. This could be the final map, but in order to obtain a better spatial
representation some GIS tools were applied as follows.

The previous map was converted into points for selecting those with values exceeding one standard
deviation over the mean value. These selected points were used to model kernel’s density, which
was classified in intervals. After, the raster map is exported to shapefile (polygon) and the mean
temperature value of every polygon is calculated obtaining the map of Fig. 11.

Urban Heat Island in Vilnius, Aguest 2017
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Fig. 11. Transformed mean temperature map using Kernel’s model (Vilnius, Aug-2017).

Finally, the difference between maximum and minimum values of temperature can be calculated
within the kernel density map to make the map shown in Fig. 13. This map represents the difference



btween the warmest and coldest areas in the selected day, in Vilnius, when until 10 degrees of
difference were registered by this methods. Important questions may be addressed in relation to this
result: where are most of population living within the city? Which are the relations between this
spatial distribution of temperature and green infrastructures? With the phenology of plants? Etc.

Urban Heat Island in Vilnius, Aguest 2017
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Fig. 12. Difference in temperature in Vilnius (Aug-2017).
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