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Introdu ction

In 2016, the project Developing a model for evaluating the potential of urban green
infrastructures for sustainable planning had one phase, whose main objectives were the
evaluation of the drivers that influence the development of UGI and the setting of methods

which can evaluate the potential of UGI in urban planning.
The objectives were fully accomplished through:

- the evaluation of the drivers which influence the development of UGI: the perception
of different stakeholders over the development of UGI and the integration of structural,
functional, administrative and economic criteria in the prioritization of UGI components has
been evaluated The stakeholders whose perception was evaluated included political and

administrative factors, population, experts and economical agents.

- the setting of methods which best evaluatethe potential of UGI in urban planning: a
classification and a quantification of ecological, economic and social benefits of UGhas been
realized; also UGI have been delimitated spatially and structurally in the urban functional

areas of cities and an evaluation of UGI connectivity has been conducted.
- the mapping of the distribution of UGI in representative urban areasof Romania.

This report includes the main results obtained in the framework of the project during

the period of time which correspondsto the second phasez 2016.
SAEAT OEEZEA OADPI 00860 OAAI g

Associated Professor EEAE 2 & \ Brdjéct martaded

Teaching assistantDiana Andreea OnosezPostdoctoral researcher

ResearcherAthanasios Alexandru Gavilidis z Postdoctoral researcher

Ph.D Candidate) OET A ) Ok BEhD Stude@@OA OA

Ph.D Candidate Denisa Lavinia Badiuz Ph.D Student



infrastructures for sustainable planning

@ % Developing a model for evaluating the potential of urban green
=N— PN-11-RU-TE-20144-0434

C.CMESL

1. Overview o f the criteria used for the prioritization of UGI

The purpose of efficient management in urban spaces is maintaining the balance
AAOxAAT OEA OOAAT OUOOAI 8O0 AT i BIT AT O@entjlanddT T Oh &
uses to coexist notentering in conflict with each other (loja et al., 2014b). The challengabat
arise in the process of urban planning are very complex and sometimes they are difficult to
predict especially in postsocialist countries (Starlov, 2007). Some deficiencies in the urban
planning process can be overlooked by experts oby authorities but not by people. In the end,
DAT BI A AOA OEA AAT A £EE A fuActobality. Thaths vihi, Ane dddsAdf OUOOA
urban planning has to be directed towards the benefit of the population and to meet the needs
of the residents. (Ciocanea, 2013)

For urban planning, as a complex process, even wherdiscussing about certain
components, in order to be efficient and sustainable, experts and authorities have to include
in this process the analysis othe perception of the population or any other interested part.

(Carstea, 2008) Whether the topic of interest is thequality of life (European Comission, 2010),

the reconversion of industrial sites (Saghin et al., 2012), urban landscape (Conrad et al., 2011)

IO O0OAAT COAAT AOAAO j (1T A AT AO Al 8h alYan )IE
2013), reseate AOO EAOA OOAA 1 AOGET A0 1T £ PAOAAPOEI T80 A
solutions. Even if the questionnaire and the interview are originally sociological instruments,

they can be used in different domains, especially inthose that focuse on life quality

improvement (environment, geography, urbanism, architecture etc).

Because the research of urban areas has t@mve a strong information background, it is
ET OACOAOA OEA DAOAADPOEIT 160 AT Al UOE

T AAAOGOGAOU O
are involved in the cities management but also of the economical agents which operates on
OEA OAOOEOTI OU 1 &£/ OEAOA AEOEAO AiiTTC¢C xEOE OEA
mentioned before, the challenges that arise in the process of planning are compleand that is
why the persons who are direcly involved have to have different background formations.
Multidisciplinary team s involved in this process can guarantee the efficiency of the proposed
solutions and that is why the expert opinion evaluations are \ery useful.

The management and the planning of urban green infrastructures (UGI) represent an
essentialcomponent in the process of urban planning (Dige, 2011) because UGI influence in a

significant way the quality of urban life (Nedelciu et al., 2013). Fom aresearchperspective, the
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process of planning the UGI has to comprise a series of phases which aneell defined in order

for this to generate the expected outcomes. (Figure 1)

Defining the UGI concept
(good practices models
scientific research, analysis
models etc. )

Perception assessment
(experts, population,
institution representative,
comapnies)

l |
l !

Establishing priorities

Corelation with the legal
regulation regarding the
UGI development

Identifing the favourabilities
and restrictivities (pressures,
threats, oportunities)

Developing a methodology for sustainable
planning of UGI

l

Establishing evolution scenarios of the
quality, effects and uses of future planned
UGI

Continous
monitoring and
evaluation

Figure 1 Phases in the process of planning and developing an urban gnefastructures network

During the project PN-1I-RU-TE-20144-i n ¢ nh OEA DAOAADPOEI 160

towards four different directions which included: experts, population, public institutions

representatives and economical agents.

1.1.  Methods applied ET OEA DAOAADOEIT60 AOAI OAOEIT I

Firstly, it was considered an expert opinion based analysis ) T Ea A O Al 8h
al., 2015ajvhich had two main objectives: to identify the criteria which need to be used in the
planning of UGI and to set a classification of UGI which are necessary in different urban
functional areas in order to amplify their efficiency. The method used in the ranking of the
criteria was a multicriteria analysis, which was followed, based on the hierarchy resultedby a
prioritization of UGI types which better fit different urban functional areas of a city. The
number of chosen criteria was nine, their election being based on international scientific

references. Further explanations and references are detailed in TablL.

i Yn
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The second phase of the UGIplanning consultative analysis was based on the
evaluation of percepton for population, public institution s representatives and economical
agents. This process was conducted using as an instrument for evaluation the questionnaire
(Chelcea, 2007). The quesbnnaires for the three target groups contained commOn items but
also some specific items in relation with the group for which they were applied. The
guestionnaire is structured in 6 sections: a) general information; b) definition of UGI concept;
c) benefits and restrains induced by UGI; d) the management of UGI; e) specific problems; f)
identification data. The survey was applied to the targeted group through an online

environment.

Table 1 Criteria chosen for the multicriteria analysis

Criteri a Acronym Reference

Management costs man (lojaetal., 2011)

Ease of construction bld i O4aAET AOO |

5') OUDPAG Onmma@ai@l AOEOU acc (Cicea & Pirlogea, 2011)

Efficiency in fighting climate changes cce (Carter, 2011; EEA, 201

Efficiency in air quality improvement aqi European Commission,
2012)

Economical potential profit generated by the epr (Sykora & Ourednek,

UGl 2007)

Benefits in biodiversity conservation bdb (Hostetler et al., 2011,
Jabareen, 2013)

Social interaction stimulation sns (Thompson et al., 2013;
Wolch et al., 2011)

Specificz natural conditions (relief, hydrology, spf (Pulighe et al., 2016)

vegetation)

The methods for analyzing the perception of different groups on the UGI subject were
applied in many studies. Our questionnaire was built following the structural classical
approach which focused on the attitude towards green areas, activities related to the
environment, gender, level of education and income of the respondentgBarlam & Dragice).
This type of perception studies can déermine a better understanding of the way in which
certain group access the green areas but in the same time can underline which are the
restrictive or favorable factors for the accessibility of green areas (Schipperijn et al., 2010).
These aspects are inestigated also by our analysis through the section dedicated to the
identification of problems in the management of green areas.Thus, one can compare the

pi pOI AGET 180 DAOAADPOEIT AT A OEA bDOAI BmththeET OOE O¢
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same time one can observed the private way of managing these type of spaces based on the
information extracted from the surveyapplied to economical agents.
The multicriteria analysis based on expert opinion was conducted during several
months, from May to August 2016. The questionnaires dissemination towards the target
groups started in August 2016 and it is stillongoing. The final results should be generated at

the end of the year.

1.2. Integration of structural, functional, administrative and economic criteria in
th e process of UGI prioritizing

The multicriterial analysis underlined the fact that the highest scorescharacterized the
criteria which focused on overcoming environmental problems (biodiversity conservation,
fighting climate change and the improvement of air quality), the lower scores being for the
onesrelated with the pragmatism of UGI planning (economic profit or popularity of UGI type

in Romania) (Figure 2).
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man | bld acc | cce | aqi epr | bdb | sns | spf
Weight|0.07760.08960.03080.18960.18490.0508 0.2147 0.086(0.0759

Figure 1Weights resulted from the multicriteria analysis for all 9 criteria selected

Twenty seven types of UGI were selectefl # OAEEc¢ A O Al 8Srbllowing thé N
expert opinion based analysis;these types of UGI were raked on their efficiency for the five
functional areas in an urban environment: agricultural areas, industrial areas, commercial
areas, collective residential areas andsingle-family residential areas. The results are
summarized in Table 2, the final detailed form is going to be presented in a scientific paper
which is under review. The study was based on a complex analysis of types of UGI and also on
a proposed methodology for the proper identification of available land to develop UGI

network.

$ECA
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Developing a model for evaluating the potential of urban green

Until this report, the answers obtained in the process of evaluating the perception of

population, public institutions representatives and economical agents covered40 of the 41

counties plus Bucharest municipality, except Braila County which has not provided any

answer from any of the target groups (Figure 3).

Table 2 Types of UGlecommended for the five functional areaanalyzed

Agricultural areas Industrial Commercial Collective
areas areas residential areas

Ecological farms Protection Street tree Public parks and
Pastures forests alignments gardens
Transitional Single trees Street tree
ecosystems between Street Tree Green roofs alignments
natural and alignments Public parks and Green roofs
seminatural areas gardens Single trees
Rivers Sustainable Squares with
Orchards sewage network flowers and lawn

Protection forests

Floodplain forests

Hedges

Protected areas of
local importance

Vertical gardens
Sustainable sewage
network

Squares with lawn
Protection forests
Flower pots

Private gardens

Individual
residential areas
Public parks and
gardens
Street tree
alignments
Sustainable sewage
network
Single trees
Squares with
flowers and lawn
Hedges
Protection forests
Rivers
Patches of forests

Legend

Percentge
from the total responses

- Population

- Companies and economic actors

300
km

Public institutions

i Japan
e GIS User Community

inéreent P Corp., GEBCO, USGS, FAO, NPS, NRCAN, GeoBase, IGN,
METI, Esri China (Hong Kong). swisstopo, Mapmyindia. ©

Figure 3 Responses rate on each target groapcounty level
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The majority of responses in the target group of public institution representatives were
obtained from city halls, local councils, environmental agenciesand county councils (Figure
4). There have been registered some answers from central institutions suctas General
Inspectorate for Emergency Situations (IGSU), National Agency focCadasterand Registration
(ANCPI), National Environmental Guard and the Institution of People Advocate.

The economic agents who responded tathe survey areinvolved in different activity

sectors,most of them belonging to industry, services and design (Figure 5).
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Figure 4 Institutions categories which responded to the survey
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Figure 5 Activity domains of economical agents

The agecategories which describethe population respondents are between 18 and 65

years.The preliminary analysis of responsesllowed the comparative evaluation of commune
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guestions between the three targeted groups and the identification of differences in their
perception. In the first part of the questionnaire z defining the concept of UGI 7z over 60% of
the respondents from each target group had knowledge abouthis concept (Figure 6). 40 % of
the respondents define the concept of UGI as the total of public and private green areas in a
city (Figure 7).

84.3% from the population respondents and 79.4% from the public institutions
respondents considered the maintenance costss the biggest challenge in the management of
UGI. Only 11.1% of the respondents had the same opinion with regatd the green areas that
they administrate. The majority of answers (55.6%) from the economic agents group Wal & O

identified any problem regarding the management of green areas under their administration.

EDA mNU = NUSTIU
100

O_L__-—__h

populatie institutii publice agenti economici

%

Figure 6 Target groupsknowledgeabout the concept of UGI

H populatie  minstituti  ®agenti economici

| . . . —-
Totalitatea 3PDAT EE! | AT AEa OB AMAIDE HbiEiGwD NS/NR Altele
OPAT EEI 1T @1 ©kGEDE ATubbbne dul A COAAET E Baldr Eefid
aflate ce aducbeneficii  impactredus publice si private
subadministrarea Oi AEAIT Aasupr&mediului dintr-un oras

AOOI OE Oal etdlobice
locale

&ECOOA ¢ 4AOCAO ¢cOi OPO AT 1T AAPOSO AAEETE

58.4% of the population respondents admitted that they would be willing to contribute
financially to the enlargement of UGI network if a tax had been required. On the other side,

only 7.4% of the public institution representatives considered this idea as beindeasible The
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majority of respondents (42.6%) considered this idea impossible to apply because of the
population perception. The population respondents and also the public irstitutions
representatives indicated public health, recreational spaces, environmental quality and the
surface of green areas perapita as components on which UGIwould have a positive impact.
70.2% of the economic agents who responded to this survey hava green area in their
administration, the majority (53.8%) declare that they have trees or shrubs. From the
economical agents point of view The main benefit linked to green areas is the esthetics of the

institution (74.4%) and39.5% have considered to expnd the green areas.

1.3. Discussions

The completion of the evaluation regarding the three targeted groups perception
regarding UGI is needed in order to elaborate a proper and specific methodology for the
management and planning of UGI in a city. Firsty, it is necessary to understand the
bl Ol AGETT 60 ETT xI AACA AAT GudichGie As ndetlsl tiaidcBrCbe T /&
fulfilled by an efficient management or by the expansion of UGKPatroescu et al., 2004) Also,
the public institutions view over the subject is important because they havecompetencesin
the management and planning of UGI. This analysis will underline the challenges and the
deficiencieswith which the local and central authorities are struggling. Lastly, the economical
agents can play an important role in the administration of green areas improving the public
network of UGI. That is why the monitoring of their perception is vital in the context of an
integrated monitoring of UGI.

Our results correlate with other studies which show that UGI have a positive image in
the populatol 8 © DAOAADPOEIT AT A OEAEO Ag@gPAT OEIT EO
j )T Ea A OCoAmarg to otldet stublied 8vhich concluded that the population is satisfied
with the authorities management of UGI (Jim & Chen, 2006) our preliminary results show a
high percentage (68.5%) of unsatisfaction regarding the management of UGI. The comparative
analysis is necessary to identify the best solution which can be applied in a domaiPriego et
al., 20088 4EA PAOAAPOEI T80 Al i DBAOAOEOA AT Al UOGEO
permit the understanding of the deficiencies which lead to not considering the UGI as
efficient OT OAOQOEOAU OEA (®ucubed bl.AZDEL). The Wrork ghoApAddn propose
viable and unanimously accepted solutions for a better management for the existent UGI but

also for the correction of errors which can affect theway of planning future UGI.

5')

ARC

I OA

10
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2. Overview on the evaluation of UGI connectivity

2.1.Classification and quantification of ecological, economic and social benefits of UGI

Nowadays, urban green infrastructures are the main ecosystem services providers in
urban areas affected by climate chnge, population growth and by a large resources
consumption (Rees, 1997). The benefit providing capacity for the residents depends on the
guality and quantity of the categories which are composing the green network, along with the
connectivity established between them.

The urban green infrastructures categories present ecological, social (cultural or
recreational) and economic functions (Table 3). Through the provision of these benefits, the
urban green infrastructures are contributing to the improvement of the quality of life and of
the population health (Nita, 2016).

Table 3 The benefits provided by the urban green infrastructures

No. UGl Benefits Example
Category
1 Urban parks Ecological Improvement of air quality (Yang et al),biodiversity
benefits conservation through the creation of support habitats for
the local species of flora and faungCornelis & Hermy,
2004);
Improvement of landscape esthetics, recreational areas,
Social creation of opportunities for socializing, sports areas
benefits (Chiesura, 2004)AT A OEA EIi Ol OAI AT O
heath
Economic Attractiveness growth for the residential space, reduction of
benefits energy consumption through constant temperature
preservation at a local scale.
2 Urban forests Ecological Improvement of air quality through carbon sequestration,
benefits biodiversity conservation through the creation of support

habitats for local species of flora and faungHobbs, 1988)
reduction of the urban heat island effect (Gill et al., 2007)

Social Improvement of landscape esthetics, recreational areas
benefits
Economic Reduction of energy consumption through constant
benefits temperature preservation at a local scale.
4 Neighborhood Ecological Reduction of erosion caused by runofffMentens et al.,
gardens benefits 2006), support space for species of flora, birds and
invertebrates (Cameron et al., 2012)
Social Space for relaxing and socializing
benefits
Economic Residential space value growth
benefits
3 Street tree Ecological Improvement of air quality, the existence of protection
alignments benefits windbreaks against gas pollutants, the reduction of the
noise pollution negative effects
Social Promenade space for the residents

benefits
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Economic Residential space value growth(McPherson et al., 2005)
benefits
5 Schools gardens  Ecological Improvement of air quality due to vegetation, the reduction
benefits of the noise pollution negative effects
Social Recreational spaces and the safe practice of educational
benefits activiiesj ) T Ea AO Al 8h. ail YqaAn /U
6 Public Ecological
institutions benefits Reduction of erosion caused by runoffs
gardens . . ——
Social Space for relaxingand socializing, Improvement of urban
benefits landscape esthetics
7 Sports fields Social y i POT OAT AT O 1T &£ I POI ACET T80
benefits of sports practice (Swanwick et al., 2003)
8 Squares Ecological Reduction of erosion caused by runoffs
benefits
Social Improvement of urban landscape esthetics
benefits
9 Green areas Ecological Reduction of erosion caused by runoffs
associated to benefits
industrial or
commercial areas
Social Improvement of urban landscape esthetics
benefits

The methods used for the classification and quantification of the benefits provided by
urban green infrastructures are qualitative (for the evaluation of recreational spaces and for
social benefits) or quantitative (ecological or economic benefits).

One of the most recent approactesregarding the urban green infrastructures benefits is
linked by the quantification of urban ecosystem services. Through the evaluation of ecosystem
services provided by urban green infrastructure, a tangible value is attributed to these benefits
which is more efficient to manage by the decisional authorities. For the evaluation of
ecosystem services in urban environments, the EuropearCommission has published the
report Mapping and assessment of urban ecosystems and their services (Rocha et al.,
2015)which presents a series of indicators used for quantifying the provision, rgulatory and
cultural services.

Indicators for the evaluation of urban green infrastructures provision services:
1 Biomass quantity of big andmature trees per foresthectare (t/ha)
1 Number of species which presentmedical value per hectare, the harvested quantity
(no./ha, euro/ha (kg or t)/ ha)
9 Forest cover (%)
Indicators for the evaluation of urban green infrastructures regulatory and support
services:
1 Quantity of carbon sequestratal in the trees canopy (t/ha)
9 Pollutants retained by trees and shrubs (PM, and PM,s, SO, NO,, CO, O; CO,)
(thalyear)
f The capacity of water storage in vegetation and soil (t/knf)

12
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1 Cooling by vegetation (°C)
1 Reduction of green gas emissions (%)
§ Treesshading area (urban climate regulation) (nf)
1 Trees cooling potential (t C/ha)
1 Total surface of public green areas ()

1 #EOUSE O AoBtprint (tQENA A |
Indicators for the evaluation of urban green infrastructures cultural services:
 Suitable space foropen-air cultural activities (m?)
Number of recreational areas (number)
Urban greeninfrastructure proximity to the alternative ways of transportation (km)
Recreational potential (between 0 and 1)
Parks surface per capita (ha/inhabitan)
Spatial distribution of runners and bikers (number of runners and bikers/ hour/km)
Kids playgrounds surface (m)

=A =4 =4 4 =4 4

In the context of a bad management, urban green infrastructures can lead to
environmental problems (Table 4). The most known problems that can affect the urban
residents quality of life are the dispersion of pathogen agents, of plants that cause allergies,
pests and diseases determined by fauna and flora which exist in urban green infrastructures
(Dunn, 2010; Lyytimaki et al., 2008) Additional to the potential ecological problems, urban
green infrastructures can create the premises for some social problems. For example, planning
parks at the edges oheighborhoods which are characterized by different economic status can
lead to social conflicts() T Ea AO. Al 8h al Yi Q

Table 4 Examples of environmental problems caused by urban green infrastructurggafter Escobedo et
al., 2011; Lyytiméaki et al., 2008)

Social problems

Pathogen agents

Plants that cause allergies

Insecurity

Drivers for diseases (lyme, rabies)

Abundant vegetation that creates a discomfort
Ecological problems

Aerosols and volatile organic compounds

The presence and the mobility of invasive species
Economic problems

Management costs for green areas

Obstruction of pedestrian roads caused by trees roots
Buildings degradation caused by wood decomposition
Usage of surfaces that can have another more profitable us:

Even though the number of urban green spaces benefits and thassociatedbiodiversity
may be higher than the number of disservices it is important that both perspectives are
analyzedwhen planning for the residents needs

13
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2.2.Spatial and s tructural delimitation of UGI in the urban functional areas

Cities are characterized by a complex way of land us€Salvati 2014, Puertas 2014The
urban development is influenced by a large number of factors such as: natural environments,
demographic and economic evolution and urban planning approach. Thisis why cities are
seen as complex systems which generate socconomic patterns (Amorim et al., 2014) in the
urban landscape as a functional zooning of space whose sole purpose is to satisfy the social,
economic and ecological demandgJaeger et al., 2010). Theapid transformations at the urban
level are frequently done through free space consumption andresource depletion as they
determine many problems for the management and the planning of such areas.

The planning process in urban areas is based on Law 350/Q0 which offers as
instrument the urbanism documentation z the masterplan. This has a directional feature and
regulates the land use in the city® core area and also the functional zooning correlated with
the road network. This document comprisesstipulati ons for medium and long time.

The masterplan represents animportant data source regarding green areas planning in
cities. This document has a written part which includes the memoir and the local regulations
for urbanism but also a graphical part which underlines the distribution of functional areas
across the city.

An essential component of urban green infrastructures are the green spaces functional
areas. Important aspects which arepursued in the planning of such areas are the provision of
recreational areas, the control of climatic and hydrologic indicators, the provision of habitat
Al O 1 TAAI &£11TOA ATA EZAOT A AT A OEA AT A POI AOAODEC

The green spaces Law 24/2007 (47/2012)efines these green areas in the next
categories:

A. Free access public green area: parks, gardens, squares, planted strips

B. Specialized public green areas
1. botanical gardens, zoopenair museums exhibition parks

2. the onesbelongingto public institutions: kindergartens schools, hospitals
churches, cemeteries
3. gportsareas for performance sport
Recreation green spaces: recreation basesteationpoles,sports areas
Green areas for water bodies protection
Protectioncorridors for the technical infrastructure
Recreational forests
Greenhouses

OomMmoo

The main data source for the analysis of urban green infrastructures spatial distribution
was the masterplan itself. This type of document was accessed using the wepages of local
authorities z town halls, urbanism departments. From 319 cities analyzed, only 87 had the
masterplan documentation publicly posted on their website.

14
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The written part of the masterplan documentation was consulted for 87 cities from
Romania (2 rank 0, 8 rank -1, 41z rank 2, 37z rank 3) (Figure 8). The following information
were extracted, if possible:

- the presence/absence of a green area type

- percentage of land occupancy POT

- coefficient of land usage CUT (Figure 10)

- allowed activities

- regulations over planted areas in other functional zones: central area, mixed area,
residential area, production area etc.

After this phase of data collection, maps were created to present the general situation at a
national level for the analyzedcities.
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Figure 8 Cities included in analysis

Figure 9 showsthe percentage of green areas at a national level. A small number of

cities have surfaces of QAAT A OAAO 1 O As@orevared (Bdrsée abdEAfad) AriEdirie 6

oscillate between 10 and 20% (ex. BItET Ah #1 OEh ! AOOAR #Yi PET A AOA
cluster of such cities in the central part of the country.
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Figure 9 - Percentage of green areas in analyzed cities
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Figure 10- The values distribution of the coefficient for land usage in analyzeities

Another aspect that was analyzed from the data extracted was the dynamic of green
spaces at city level. Because the masterplan presents the development directions of a city, it
has included in its written and graphical documentation a part containing urbanistic
proposals. Thus, a comparison has been made between the percentage of green spaces in the
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existent core area and in the proposed one. The majority of masterplans propose the green
areas growth in surface.
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Figure 1t The dynamic of green aras

From the 87 cities that were analyzed, 7 were selected having different ranks in the
cities network and a mapping exercise has been made for their functional areas having the
masterplan asbase map The preliminary result was the creation of a GlSdatabase which can
be the start for understanding of the spatial relationship between urban green infrastructures
and other functional areas. Next phase consists in applying a spatl analysis based on distance
indicators.

2.3. Evaluation of UGI connectivity

The concept of connectivity represents a key element in the context of sustainable
planning, even if it is about natural or urban connectivity.

Connectivity can be defined by the capacity of an area to sustain the disgsion and
the mobility of materia, energy and organismgTaylor et al., 1993) There are two categories of
connectivity which are studied in the field of biogeography: structural connectivity and
functional connectivity (Crooks & Sanjayan, 2006) The structural connectivity represents the
capacity of an area to sustain the ecological flows of materia and energy without taking into
account the species needs for habitat and mobility (Kadoya, 2009) The functional
connectivity represents the possibility of organisms to disperse in order to maximize the
degree of viability for populations (Forman, 2006; Taylor et al., 1993)Besides the concept of
local flora and fauna dispersion, the connectivity analysisin urban areas focused also on the
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residents mobility between urban green areas in order to satisf their needs for recreation,
socialization or for practicing physical activitiesj ) T E &

Landscape
connectivity
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AOFAIT 8h

Transformed (urban)
ecosystems

Functional connectivity

/\

Structural connectivity
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The mobility of inhabitants
within the infrastructure of
urban green spaces with
different functions
(recreation, physical
activities)

The ability of local species
to move between habitats (

small mammals, bats,
birds)

Supporting organic matter,
energy and information
flows

Figure 12 Hierarchy of connectivity categories (based &udd et al., 2002Kong & Nakagoshi, 2006

Marulli & Mallarach, 2005)

In order to establish the degree of structural connectivity, landscape indicators are
used (Kindimann & Burel, 2008; Kong & Nakagoshi, 2006)but many times the obtained

OAOOI 66 AOA OAAOT AAT O AT A OEAU AIlIl

60

I £EAO A C

(Kupfer, 2012) However, the data obtained from the calculation of indicators (Table 5)
requires a small number of data and can beconsidered as the preliminary results in the

connectivity analysis
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Table 5 Examples of landsc&pmetrics used in the evaluation of structural connectivity, aftefMcGarigal,

Indicator

Total Core Area
(TCA)

Edge Density

2014)

Formula and calculation
TCA= ®

=|=*: patch ij central surface ()
based on the specified edge (m)

B

Im portance

Total Core Area represents a relevani
indicator for the urban green infrastructures

connectivity. Based on this, the taal surface
of green elementsis quantified (at network

level and at category level) after the
elimination of an edge buffer.

Edge Density evaluates at a network level anc

ED= PTTTT
(ED) =01 OAl 1 A1 COE j green space category level the length
edge at landscape level represented by edges pehectare.
A =total landscapesurface (mZ)
Euclidean ENN=h; The indicator offers information regarding
Nearest- hj= distance(m) from the focal the isolation of patches and of their closeness.
Neighbor patch ij to the closest patch from
Distance ( ENN) the same class
Proximity The indicator offers information regarding
Index ( PROX) PROX= — the distance between patches in a specific
ays=surface ( n12) of ijs patches from areas and it calculates the degree of proximity.
R . based on the patch surface.
the specific vicinity of the patch ij
hjs=distance (m) between patches
calculated from center to center
Connectance B The indicator underlines the number of
CONNECT= pTT .
Index - connections  settled between patches
(CONNECT) ci=level of association between transposed in a percentage of the maximum

patches j and k (where 0O
unassociated and 1=associated
based on a specific distance

n;= number of landscape patches
from the same class

level of connectivity.

Functional connectivity is evaluated through complex analysis like Travel Cost
(Marulli & Mallarach, 2005), Graph Theory(Foltéte et al., 2014; Niculae et al., 2016; Urban &
Keitt, 2001) or through specialized programs which analyze the capacity of dispersion for
species in a certain aredMcRae et al., 2008; Moilanen et al., 2009; Saura & Torne, 20Q9)

Examples of connectivity indicators calculation for cities in Romania

The urban green infrastructures with the most expanded central surfaces (Total Core
I OAAQ AOA PAOGO T &£ OATE ) 10 AAI IOOAAINTT GORIAIOAR A/ad
comparison to the smallest surfaces from rank Ill cities (ex. Isaccea, N6 OO 61 Aadit, 0O EAOOA
I AT A A+ OE hErbriAReférénte®alurcg not found. ). The reported aspect is due to the
pattern of urban green infrastructure with a majority of parks and residential gardens in
important cities.
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&ECOOA ia 4EA AEOOOEAOOEIT 1 &£ ETAEAAOI O 471 OAI
The calculation of Edge Density indicator underlines a higher heterogeneity than for
the first indicator (Total Core Area) with values not having a uniform distribution between the
three categories of ranked cities (Fig. 14).

&ECOOA ip 4EA AEOOOEAOOEIT T &£ wAGCA $AT OEOU ET Al
The highest values for structural connectivity by urban green infrastructure type were
obtained in cities with Iand I OAT E j 4YOCO - OOAHhK (Hr@!/RAdente 01 1 EAH
source not found. i 8 4EA AEOU 1T &£ "&aEI A ( AOAGrhskicthre x EEAE

AT i pl AGAA AU A& OAOOO OEOOAOAA AO AEOUGO Al OA A0/
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