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Abstract: Today, one in two people live in urban environments, and this number is expected to rise.
Urban ecology is among the main concepts of the ecological urban planning agenda for cities where
the consequences of global warming and climate change are increasing day by day. Urban open
green spaces provide a variety of ecosystem services for city dwellers. It is important that green
spaces are accessible, efficient, walkable and properly planned in the city. Within this framework,
via the relevant theoretical evaluation, a conceptual framework was constructed to redefine the
urban neighborhood green index. Regarding the existing definitions within the related literature, this
developed index includes quantitative, qualitative and perceptual parameters and has been newly
introduced to measure and analyze green spaces in a more comprehensive layout. There is also a
need to establish an ecological approach to urban planning to increase the quantity and quality of
urban green spaces in Cyprus, including in Northern Nicosia. Therefore, Northern Nicosia, with
its three selected neighborhoods, was chosen as the study area. As the main methodology of the
study, a thorough assessment of the quantitative component of the developed index with its four
parameters of per-capita green space, proximity to green space, area percentages and type of green
spaces is made. Maps from the Town Planning Department and satellite images from the Nicosia
Turkish Municipality and GIS were used for this quantitative measurement. Based on the findings,
it can be argued that the urban green spaces are not sufficient when assessed based on most of the
parameters evaluated within the study to construct a comprehensive green space index. It was found
that the green spaces in the city are accessible, being within 337 m, which is reasonable. However,
there are very few active and accessible open green areas in these neighborhoods within the 300 and
500 m buffers, as a remarkable number of the green spaces, which are shown on the map, are in an
abandoned condition. In addition, the amount of active green space per capita is 3.35 m2, which is
well below the 9 m2 predicted by WHO. The area percentages of the neighborhoods are also below
the required standards. Therefore, the findings show that Northern Nicosia can benefit by addressing
these deficiencies to achieve a higher urban neighborhood green index. Furthermore, the theoretical
model is efficient for the assessment of urban spaces at the neighborhood scale and can be used in
other cities worldwide, especially in cities with a relatively low density. In sum, this study, which
considered not only the quantitative parameters but also the qualitative and perceptual features,
has the potential to expand scientific knowledge on measuring and analyzing urban neighborhood
green spaces.

Keywords: urban ecology; green spaces; urban neighborhood green index; quantitative analysis;
Northern Nicosia

1. Introduction

The world is becoming an increasingly urban place, with approximately 65% of its
population expected to reside in urban areas by 2025. Due to this rapid urbanization, natural
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ecosystems are increasingly being replaced by urban development. In this urbanization
era, all four pillars of sustainability have been acknowledged to provide solutions to
the challenges occurring at an accelerated rate [1]. Sustainability is a widely recognized
common goal for humanity and has become an increasingly dominant theme in design and
planning. Although the term has been defined in various ways, sustainability often refers
to the ability of a coupled human–nature system that can persist in a desirable state for
multiple generations in the face of anthropogenic and environmental perturbations and
uncertainties [2].

Sustainable development requires improving the quality of life of all individuals
without exceeding the world’s capacity to exploit natural resources. Therefore, it seems
appropriate to change the existing urban and regional administrative system to cope with
the challenges faced by urban planning and to achieve the goal of urban sustainability [3].

For this reason, planning and design principles based on an ecological approach
should be established from the top to the urban scale in the planning process. Furthermore,
the ecological, economic and sociocultural services of this approach should be reflected
at all levels. In urban planning, it is necessary to ensure the continuity of the natural
ecosystem in the city on the basis that a city is an ecosystem that cannot be separated from
natural and rural areas [4].

In line with this information, the concept of urban ecology has become increasingly
important for cities. According to [5], urban ecology has emerged as an integrated science
aiming to examine and evaluate large urban areas that include not only biological and
physical features but also built and social components. It can be argued that urban green
spaces are one of the main features of this term.

Urban green spaces significantly affect both the capacity to support biodiversity and
the provision of critical ecosystem services [6]. Spaces such as parks, forests, green roofs,
streams, and community gardens not only provide critical ecosystem services but also
support the physical activity, psychological well-being, and public health of city dwellers [7].
In other words, improving access to green areas, increasing the quality of these areas and
protecting ecological values play an important role in the planning of cities [8].

Within this framework, Northern Nicosia was chosen as the study area. There is an
urbanization trend in Cyprus, including in Northern Nicosia. This trend has required
establishing an ecological approach to urban planning to increase the quantity and quality
of urban green spaces. Therefore, this study aims to make a thorough assessment of green
spaces in the chosen neighborhoods of the city in relation to the conceptual framework
developed as the urban neighborhood green index (UNGI).

The following section summarizes the relevant literature on urban ecology, urban
green spaces and UNGI. Within the relevant theoretical evaluation, a conceptual framework
was created to determine the main characteristics and their measures as an index for the
neighborhood urban green spaces in the city. Following this, a quantitative analysis of the
specific parameters was conducted in selected neighborhoods of Northern Nicosia after
the evaluation of the research area. The final section includes conclusions based on the
literature review, analyses, evaluations and recommendations.

2. Literature Review
2.1. Urban Ecology as the Main Feature of Ecological Planning

Cities are complex dynamic systems in constant change. They develop and grow in
complex ways due to their size, social structures, economic systems, geopolitical environ-
ments and ecological evolution [9]. The ecological environment is a very important part
of the development of cities and has a great impact on human survival and development.
Therefore, planning cities with an ecological approach is important for the survival of
the city. Within this framework, from the late 1960s onwards, scientists, scholars and
decision makers, beginning with those in developed countries, began to adopt an eco-
logical approach to urban planning and design. Thus, several thriving urban planning
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movements, such as ecological cities, smart cities, green cities and sustainable cities, have
emerged worldwide.

One of these important movements is the concept of a ‘smart city’. Smart cities
provide microlevel monitoring of urban systems. The purpose of the development of
these cities is to provide quality and innovative services to citizens, economic activities,
institutions and visitors, along with the production of a safe and comprehensive urban
environment [10]. This concept is becoming increasingly central to debates on urban
development and sustainability, and consequently, cities are now embracing this concept
as a way to improve energy efficiency, transport, and public services [11].

Another movement developed as a concept with the basis of an ecological approach is
the ‘green city’. This concept is one of the terms developed to address the problems caused
by dispersed developing cities and to help cities become more sustainable (greener), less
dispersed and more livable [12]. Green cities are defined as cities that try to reduce waste,
expand recycling and reduce their environmental impact. These cities reduce emissions,
increase housing density while expanding open space and encourage the development of
sustainable local businesses [13].

Another concept aiming to adopt ecological principles for the planning and design
of cities is ‘ecological cities’. Ecological cities emerging with the target of adding a new
meaning to the city in an ecological sense are considered as a new solution proposal.
Therefore, cities that produce their own energy and are respectful to nature can be created.
The concept of an ecological city is an approach to urban design and application where
the city and the environment interact. This approach aims to provide a healthy human
settlement where living organisms and natural ecosystems can continue their functions
in harmony [14]. Eco-cities are accessible for all, balanced with nature. Reducing waste,
reusing and recycling, developing integrated transportation policies and integrating with
nature are the principles of this term [15].

Furthermore, a ‘sustainable’ city is another remarkable concept developed within the
discourse of the ecological approach. A sustainable city can achieve economic develop-
ment, social development and environmental development together [16]. In addition to
environmental dimensions, economic growth, governance, transparency, social justice and
participation fall within the dimensions of this movement.

In conclusion, urban ecology is a key feature for all these planning and design move-
ments. The concept of urban ecology has become increasingly important for cities as a
part of complex landscape ecology or even as a separate discipline [17]. Urban ecology
includes “spatial and temporal patterns, environmental effects and sustainability of urban-
ization” and “urban sustainability, with an emphasis on biological diversity, ecosystem
processes and ecosystem services”. It is an adaptive process that facilitates and maintains
a virtuous cycle between ecosystem services and human well-being through harmonious
ecological, economic and social actions in response to changes within and beyond the urban
landscape [18].

Urban ecology, which is an important term in this context, prioritizes the methods and
practices that take into account the environmental sensitivities in the planning of the new
developing areas of cities and support ‘urban efficiency’, ‘productivity’, ‘protection’ and
‘reuse’ within the urban economic development model. Urban ecology can also be defined
as all the efforts to create healthy and livable islets within existing urban areas. Briefly,
urban ecology involves planning urban growth with an ecological approach [19].

The conservation and enhancement of biodiversity in cities are core issues within the
term urban ecology. The protection of biodiversity is crucial to issues such as providing
vital resources (food and medicine), economic income and stability, ensuring the existence
of ecosystems in the long term and intrinsic value. Landscape ecology provides a scientific
framework on which biodiversity planning can be based [20].

Well-designed open green areas are an important factor in protecting habitats and
biodiversity [21]. Urban green spaces are a key element of urban ecology. In other words,
urban green space is a vital component of cities. There is much empirical evidence indi-
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cating that urban parks and green spaces foster a wide array of species, stimulate a large
range of roles for the human population and are beneficial in terms of social, economic and
environmental sustainability in cities [22].

2.2. Urban Green Spaces

The increasing need for residential areas with urbanization has caused a decrease in
the amount of greenery. Greenery has an important role as an indicator of environmental
conditions in urban areas [23]. Cities that provide more green spaces for every individual
can offer more opportunities for recreation, thereby improving the quality of life of their
residents. The nature of green spaces in a city is an important factor in determining the
benefits for people. For example, cities with more clustered green spaces provide greater
cooling effects than smaller parts with similar area coverage.

In other words, rapidly increasing urbanization continues to have a negative impact
on green spaces in cities. As such, the importance of urban green areas is increasing. Urban
green spaces are defined as open areas with a significant amount of vegetation and are
mostly found as seminatural areas. Urban green spaces exist as the last remnant of nature
in urban areas and typically perform important functions such as conserving biodiversity,
preventing erosion that absorbs rainwater and pollutants and mitigating urban heat island
effects [24].

Initially, being only a decorative element in urban environments, green spaces have
now acquired a new value and function that is widely accepted within sustainable de-
velopment parameters [25]. Given the diverse ecosystem services they provide, urban
green spaces have been integrated into urban planning and design, especially in developed
countries [26]. The existence of urban green spaces has become increasingly important in
ecological urban planning and research due to the well-being of city dwellers [27]. Accord-
ing to Taylor and Hochuli [28], green areas mostly consist of vegetation and are associated
with natural elements, see Table 1.

Table 1. Green space definitions [28].

Definition Type Description Example

Acknowledged range A definition that acknowledged the range of what
can be considered ‘greenspace’

“greenness describes the level of vegetation, ranging
from sparsely landscaped streets to tree-lined walk-ways

to play field sand forested parks”

Definition by examples Examples were provided to illustrate what is meant
by greenspace

“combined areas of open land, cropland, urban open
land, pasture, forest, and woody perennial”

Ecosystem services
Examples that embody ecosystem services, such as

urban agriculture, and/or a reference to serving
human needs

“a type of land use which has significant contributions to
urban environments in terms of ecology, aesthetics or

public health, and primarily serving human needs
and uses”

Green areas A reference to ‘green’ and/or ‘natural’ areas without
further explanation

“the area investigated included substantial
green elements”

Land uses Generic land uses described as greenspace “recreational or undeveloped land”

Vegetated areas Areas that feature vegetation “green in the sense of being predominantly covered with
vegetation”

Urban open and green spaces provide local climate stabilization through air filtration or
shade provision, which is particularly important for strategies to mitigate urban heat island
impacts within the framework of environmental benefits [29]. In addition, urban green spaces
offer recreation and the opportunity to experience nature and these functions are important
factors for improving the quality of life of citizens. Furthermore, urban green space is an
important component of an ecological and livable environment. Absorbing carbon dioxide,
increasing air humidity, protecting water and soil, reducing noise and preventing urban heat
island effects are among the ecological functions of urban green spaces [30]. In other words,
open green spaces also provide a variety of ecosystem services for city dwellers (e.g., climate
regulation, rainwater regulation, recreation opportunities and aesthetic quality).
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Social perspectives such as employment, education and security have recently been
attached great importance in terms of urban livability. Furthermore, there is growing focus
on environmental factors such as healthy air, a quiet neighborhood, an attractive street
view and green areas within walking distance. This can be achieved by the presence of
urban green areas [31]. These spaces also have the potential to reduce work-related stress
and increase property values with the recreational facilities they provide as significant
socioeconomic benefits.

Depending on their use, we can classify green spaces into three groups: public, semipri-
vate and private [32]. Public green spaces can also provide health benefits by providing a
place for residents to participate in recreational physical activity within their boundaries and
facilitate contact with nature and social interaction [33]. Semiprivate open green spaces cannot
be used by the whole of society and are only open to use by the employees of institutions and
organizations, their families or a certain group under certain conditions. Schools, public insti-
tutions and organizations, military areas and factory gardens are examples of this type [34].
Private open green spaces include gardens of residences and public housing [35].

The World Health Organization (WHO) advocates the necessity of 9 square meters
of open space per person within a 15 min walk, and UN-Habitat recommends that open
spaces are accessible within 800 m [36]. In addition to the amount of open and green
space required per capita, there are several other standards, such as travel distance, for the
application of green spaces, see Table 2.

Table 2. Summary of standards and guidance for travel distance to greenspace [37].

Study/Standard Maximum Distance to Travel to Greenspace Greenspace Size and Type

London Boroughs (since 1976) 1/4 mile (0.4 km)
3/4 mile (1.2 km)

small and local parks
district parks

Open Space Planning in London. London
Planning Advisory Committee Direct line radius of approximately 280 m -

Six Acre Standard National Playing Fields
Association (NPFA)

100 m (1 min walk)
400 m (5 min walk)

1000 m (15 min walk)

local areas for play
local equipped areas for play

neighborhood equipped areas for play

Natural Spaces in Urban Places

0.5 km
2 km
5 km

10 km

natural greenspace of at least 2 ha
natural greenspace of at least 20 ha
natural greenspace of at least 100 ha
natural greenspace of at least 500 ha

minimum 1 ha Local Nature Reserve (LNR) in
every urban area per 1000 population

ANGST (Natural England’s Accessible Natural
Greenspace Standard,

every home should be
within 300 m of

2 km of
5 km of

10 km of

an accessible natural greenspace of at least
2 ha, plus

at least one accessible site of 20 ha
at least one accessible site of 100 ha
at least one accessible site of 500 ha
provision of at least 1 ha LNR per

1000 population

Natural environments—healthy
environments?

3 km radius around the center of the
neighborhood

London Plan. London’s Public Open Space
Hierarchy

8 km
3.2 km
1.2 km
400 m
400 m
400 m

where feasible

regional (over 400 ha)
metropolitan (60–400 ha)

district (20–60 ha)
local parks (2–20 ha)

small local parks (0.4–2 ha)
pocket parks (less than 0.4 ha) linear open

spaces (variable)

Space for People 500 m
4 km

accessible woodland of at least 2 ha
accessible woodland of at least 20 ha

Is green space in the living environment
associated with people’s feelings of social

safety?
km or 3 km radius around homes metropolitan
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In the city, open green areas are mostly classified within four scales based on their
functions and activities: building level, neighborhood level, district level and city level.
These urban green spaces form an integral part of any urban space, and the quantity and
quality of urban green spaces are a primary concern for planners and city managers. It is
important to measure urban green spaces at the neighborhood level, as the neighborhood
scale is an important level of work for implementing greening strategies [38].

Green Spaces at the Neighborhood Scale

The neighborhood, which is a basic planning unit, has been used since ancient times.
Human settlements are spatially divided into districts and neighborhoods, which expresses
the importance of neighborhoods in the urban fabric [39].

A neighborhood is defined as an area that is homogeneous or has the same distinctive
features in terms of ethnic origin, housing and development type. The term neighborhood
is also synonymous with the environment; as such, it can be defined as the green area near
a residential area and its distribution [38]. Neighborhood-scale small green spaces can
respond to daily needs for contact with nature and the most valuable open green spaces
are intimate and familiar spaces that play a role in people’s daily lives rather than remote
ones [40].

On the neighborhood scale, the demand for green spaces from homes should be within
a 400 m or 10 min walk. For example, the Berlin Ministry of Urban Development and
Environment recommends that every resident has access to at least 0.5 hectares of open
green space within 500 m from their home. In the UK, Natural England, a nonministerial
government agency that advises the UK government on the natural environment, recom-
mends that residents should have access to at least 2 hectares of natural green space 300 m
from their home [27].

Neighborhood units are spaces that contain approximately 6 to 400 residences in scale
and can accommodate 30 to 5000 inhabitants, covering an area of at most 15 ha. Areas
such as green areas, children’s gardens or parks, sports and playgrounds and residential
compound gardens are green area components at the scale of the neighborhood unit [32],
see Table 3.

Table 3. Classification of the neighborhood green spaces based on different literature studies.

Classification Description

Green spaces Small green areas at the neighborhood scale can meet daily needs for contact with
nature [40]

Neighborhood (local) parks Neighborhood parks can be classified as areas serving as social or recreational
activity centers for the surrounding neighborhood [41]

Playgrounds
They are functional open spaces in the urban fabric. Playgrounds, which form a
part of open-green space systems in cities, can generally be used by children
between the ages of 0 and 14 [42]

Sports areas Sports fields, which form large openings and gaps, not only contribute to urban
ecology but also have sociocultural value with the functions they create [42]

Residential compound gardens Green land in residential compound areas. These private or semiprivate home
gardens make up the majority of the cultural landscape [43]

Focusing on a world-class living environment, a quality residential area stands out
as an important issue in creating a sustainable living environment, and the landscape,
which includes topography, vegetation, related plants, soil, water bodies and their spatial
configuration, becomes one of the most visual needs of people [44].

Vegetation is a factor that changes the local climate [45]. It is also considered an
important element of design in increasing the urban microclimate and outdoor thermal
comfort in urban areas. However, vegetation is typically used in urban areas for aesthetic,
utility and recreational purposes. There are two main elements in urban green spaces: hard
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landscapes and soft landscapes. Hardscapes are man-made and include paved spaces such
as terraces, benches, their proportions and other artificial materials. Soft landscapes, on the
other hand, are soft materials containing plants, flowers and water elements [46].

2.3. Urban Neighborhood Green Index (UNGI)

Most people live in cities, and urban green spaces are the primary source of contact
with nature. Accessibility, walkability and usability to ecosystem services provided by
urban green spaces are increasingly perceived as important factors for quality of life and
have become key components of sustainable urban design and planning [47]. In other
words, there are important studies showing that green spaces in the living environment
can positively contribute to the overall quality of life of city residents. In particular, the
amount of green space in the living environment and the effects of this amount have been
associated with health and well-being benefits [48].

In line with this information, an index for urban neighborhood green spaces is vital
for establishing a comprehensive, efficient and viable network of greenery, boosting urban
design and planning in diverse dimensions. The UNGI evaluates the spatial distribution of
urban green areas around urban development. Here, the term neighborhood is used as a
spatial concept because the analysis is partly based on neighborhood characteristics. The
characteristics of urban structuring at the neighborhood level are defined by parameters
such as proximity to green, building density, per capita green space and building height.

Accessibility, which is typically defined as the proximity (linear distance or walking
distance) of urban green spaces to residences, is one of the most important factors affecting
the frequent use of open green spaces and increasing well-being among users. Therefore, it
is crucial that all residential areas have accessible open green spaces at various hierarchical
levels to improve the quality of urban life [49]. According to Zhu et al. [50], the proximity
to green spaces acts as an accessibility indicator for urban green space, indicating the
distance from a building to the nearest green space. The proximity to green space affects
the purpose and frequency of visits and the social role of these spaces is affected by their
optimal distribution.

Furthermore, the proximity to urban green spaces comes to the fore as one of the most
discussed issues in sustainable urban planning [51]. It is one of the main factors affecting
the frequent use of urban green spaces and improving people’s quality of life. In addition,
proximity refers to the distance from a resident’s home to the recreation area or trail, in
addition to how safe and easily accessible the recreation area is. In terms of available time
during the week, most working people have somewhat limited opportunities to engage in
recreational activities outside of their residential areas. Therefore, near-home recreation
opportunities are crucial to meeting daily recreational needs [52].

It is necessary to analyze the existing green cover distribution in the city repeatedly to
meet the social and psychological needs of the residents and to ensure a quality environment
for a better and healthier life. As such, the percentage of green space coverage, green
coverage per capita and the degree of green space agglomeration in a city are likely to have
significant effects on the urban ecosystem services provided and the net benefits gained by
people [53]. Furthermore, Veal [54] explains ‘area percentages’ as ‘a certain percentage of
land to be allocated for open space’ and this area percentage is estimated and evaluated
by remote sensing methods. Remote sensing and GIS (geographical information systems)
provide new tools for the assessment and mapping of advanced natural resources and
estimation of the green percentage in the study area [23].

Such an analysis should also focus on the amount of green space per capita available to
every citizen [55]. The standard approach has traditionally been used to ensure consistency
and precision in urban space planning. This approach also answers the question of how
much green space is sufficient for a person [56]. In other words, another indicator of the
green city index is the amount of area per capita. Decreased urban green space per capita
results in decreased daily exposure to more natural environments [57].
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Furthermore, the types of green spaces also play a vital role as a parameter of urban
green spaces. A neighborhood is required to have diverse properties of green spaces for
facilitating all age groups and profile groups, such as children and elderly people. These
types of green areas are playgrounds, local or neighborhood parks, residential compound
gardens, sport areas and other active passive greenery, such as street trees and plantations.
The hardscape and softscape features form green spaces as physical design domains.
Figure 1 displays these items, which can be defined as qualitative measures.
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The user perception should not be ignored as another component for defining an
index. Many studies of landscape assessments have shown that a number of landscape
features are related to human perception, such as vegetation presence, vegetation height,
artificiality, water availability, human presence, slope and strength. Features such as
complexity, novelty, incongruity, surprise, coherence, readability, mystery, expectation and
shelter are variables that explain landscape preference, as predicted by various landscape
preference models [58].

The characteristics of such places and the satisfaction of users with these places
determine the type and frequency of the activities held in the parks. Understanding user
satisfaction and opinions is crucial to promoting the correct and adequate design of these
spaces. In addition, user characteristics such as age, education and gender are directly
related to the use of green areas. However, the relatively unchangeable nature of these
demographics is leading to an increased focus on modifiable green space features [59]. In
this context, the user survey is a valuable tool that can be used to obtain and measure careful
information about the characteristics and needs of park visitors to help improve existing
urban parks or develop new public parks while ensuring good usability of the space.

Furthermore, active participation, which can be defined as the frequency of visits to
neighborhood green spaces [60], and community involvement can also play a vital organic
role in green spaces [61,62]. In addition, watching and observing natural features in the
environment or watching people’s activities and sports can fulfil the need for passive
participation. Active participation, on the other hand, includes socializing by talking or
playing with other people in a recreation area. Therefore, meeting the different needs and
preferences of park users enables parks to better serve communities [63].
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In conclusion, in line with the literature, a UNGI was created for Nicosia to evalu-
ate the existing green on the neighborhood scale with its quantitative, qualitative and
perceptual components from a holistic perspective. Three parameters for perceptual char-
acteristics (user perception, visit frequency and community involvement), two parameters
for qualitative characteristics (hardscape elements and softscape elements) and four more
parameters for the quantitative components (types of green spaces, proximity to green
space, area percentages and per-capita green space) were determined to construct the
UNGI, as displayed below in Figure 2.
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3. Material and Methodology
3.1. Research Area

Cyprus is the third largest island in the Eastern Mediterranean Basin following Sicily
and Sardinia [64]. This island has a diverse geography, climate, flora and fauna as well as a
rich history and culture. In addition, the human presence on the island dates to prehistoric
times (10,000–12,000 years) [65].

The island was divided into two between Turkish Cypriots and Greek Cypriots in 1974.
Nicosia, the capital of Cyprus Island, is an old city located in the middle of the Mesarya
Plain and features Pedieos River, which is locally called Kanlıdere [66]. Nicosia city is the
only divided capital in Europe. The city is divided into two by the border Green Line as
the UN buffer zone. The buffer zone cuts through the city of Nicosia and divides the entire
island. A 180 km border line from northwest to southeast separates Greek and Turkish
Cypriots [67].
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The city of Nicosia, which is in the geometric center of the country, is located at the
intersection of the mainland transportation network, connecting Famagusta, Kyrenia and
Güzelyurt. Nicosia remains the center of the country in terms of business, administration,
education, culture and various other activities due to its proximity to the sea and the
country’s air gates. Nicosia, the most populous and most important cultural city and the
industry, trade and transportation center of Cyprus, is located at 35◦10′ N, 33◦21′ E, with
an area of 111 km2 [68], see Figure 3.
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After the division, the center and a large part of the city of Nicosia remained in the
Greek part. Later, the city expanded and grew spontaneously as a result of merging with
the surrounding villages. The Nicosia Master Plan (NMP) was prepared in 1984 to plan
city development and the Nicosia Master Plan was put into practice in 2001 [70].

In accordance with the literature review, the neighborhoods to be studied were de-
cided as Ortaköy neighborhood and Küçük Kaymaklı neighborhood, which are the largest
neighborhoods with the highest population and number of houses, as well as Taşkınköy
neighborhood, where there is intense construction, according to the 2011 population and
housing census. See Figures 4–6 for the locations of the neighborhoods chosen to be studied.
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3.2. Research Design

Based on the literature review, three main components with their individual parame-
ters were determined to define the UNGI in Nicosia. These were perceptual, qualitative
and quantitative characteristics. This study used merely quantitative characteristics. For
the quantitative component, four parameters were determined within the neighborhood
green index. These are per-capita green space, proximity to green space, area percentages
and types of green spaces. Maps, satellite images obtained from the Nicosia Turkish Munic-
ipality and GIS were used for this quantitative measurement. The neighborhood areas, all
green areas, including the active and abandoned ones within the chosen neighborhoods,
and population data were compared for the measurement of the chosen parameters.

3.2.1. Per-Capita Open Green Space

The amount of green space per capita for Nicosia was obtained by dividing the total
amount of green space by the total population. In addition, the distribution of open
green areas per neighborhood was analyzed. The number of open green areas per capita
per neighborhood was calculated by dividing the amount of open green areas in each
neighborhood by the population of the neighborhood.

3.2.2. Proximity to Green Space

To measure proximity, the green areas (active and abandoned) in the selected neigh-
borhoods were determined individually. These areas include neighborhood (local) parks,
playgrounds, outdoor sports areas, residential compound gardens and other greenery such
as street plantations. By using a GIS (Arc Map) for presence calculations, 500 m and 300 m
buffers were created around the open green areas within the administrative boundaries of
the neighborhoods; all grid cells with centers of gravity in the area were selected.
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3.2.3. Area Percentages

After calculating the active and abandoned open green area distributions in the maps
and on-site, the percentages were calculated by comparing the total area of the urban
green spaces to the area covered by the city. To calculate the area percentages of the
neighborhoods, the total area of the urban green spaces in the neighborhoods was compared
to the area of each of the chosen neighborhoods.

3.2.4. Types of Green Spaces

In this context, to determine the amount of green area by their type (neighborhood
parks, playgrounds, outdoor sports areas, residential compound gardens and other green-
ery such as street plantations) at the neighborhood level, these urban green spaces were
determined on the maps and checked on site one by one. See Table 4 for the research
measures and the tools used for each one.

Table 4. Measurement tools used for the research design depending on the UNGI.

Measure Tools

Per-capita open green
space

Green space maps from the Town Planning Office and 2011 Census;
neighborhood maps from the Municipality

Proximity to green space Neighborhood maps from the Municipality, GIS

Area percentages Neighborhood maps from the Municipality, GIS

Types of green spaces Green space maps from the Town Planning office and Municipality

4. Findings
4.1. Per Capita Open Green Spaces

The amount of green space per capita for North Nicosia was calculated by taking
measurements in line with the 2011 Census obtained from the Nicosia Municipality and
the TRNC State Planning Organization.

In accordance with the literature review and field work, there are 25 neighborhoods in
North Nicosia within the borders of Nicosia Municipality, 12 of which are in the Walled City.
According to the 2011 census, the total population of these 25 neighborhoods is 61,378,000.
In the field study, the distribution and number of green areas in the city were first calculated
and the active and passive green areas were determined on the maps (Figure 7).

The amount of green space per capita for Nicosia was obtained by dividing the total
amount of green space by the total population. A total of 1,065,954.581 m2 of green area
was measured according to the map measurements. A total of 205,819.081 m2 of these green
areas was determined as active green areas and 860,135.5 m2 was categorized as passive
green areas based on on-site observations and satellite images.

The study determined that there are 314 open green areas in the Nicosia region,
excluding roadsides, intersections and medians, and 53 of them are active. All these open
green areas, which appear as green areas on the maps, have been checked to see if they
are functional or in use. As a result of the observations, it was found that there are only
trees planted in some areas, while there are many empty areas. Some green areas are used
by residences or as parking areas built by the municipality and many areas along streams
are left in an abandoned state. Therefore, these areas are classified as passive green areas.
In line with the calculations, the total amount of green space per capita for North Nicosia
was calculated as 17.367 m2, while the total amount of active green space per capita was
calculated as 3.353 m2 (Table 5).



Sustainability 2023, 15, 13880 14 of 25

Sustainability 2023, 15, 13880 14 of 26 
 

4. Findings 
4.1. Per Capita Open Green Spaces 

The amount of green space per capita for North Nicosia was calculated by taking 
measurements in line with the 2011 Census obtained from the Nicosia Municipality and 
the TRNC State Planning Organization. 

In accordance with the literature review and field work, there are 25 neighborhoods 
in North Nicosia within the borders of Nicosia Municipality, 12 of which are in the Walled 
City. According to the 2011 census, the total population of these 25 neighborhoods is 
61,378,000. In the field study, the distribution and number of green areas in the city were first 
calculated and the active and passive green areas were determined on the maps (Figure 7). 

 
Figure 7. Distribution of active and passive green areas in neighborhoods within the borders of 
Nicosia Municipality. 

The amount of green space per capita for Nicosia was obtained by dividing the total 
amount of green space by the total population. A total of 1,065,954.581 m2 of green area 
was measured according to the map measurements. A total of 205,819.081 m2 of these 
green areas was determined as active green areas and 860,135.5 m2 was categorized as 
passive green areas based on on-site observations and satellite images. 

The study determined that there are 314 open green areas in the Nicosia region, ex-
cluding roadsides, intersections and medians, and 53 of them are active. All these open 
green areas, which appear as green areas on the maps, have been checked to see if they 
are functional or in use. As a result of the observations, it was found that there are only 
trees planted in some areas, while there are many empty areas. Some green areas are used 
by residences or as parking areas built by the municipality and many areas along streams 
are left in an abandoned state. Therefore, these areas are classified as passive green areas. 
In line with the calculations, the total amount of green space per capita for North Nicosia 
was calculated as 17.367 m2, while the total amount of active green space per capita was 
calculated as 3.353 m2 (Table 5). 

  

Figure 7. Distribution of active and passive green areas in neighborhoods within the borders of
Nicosia Municipality.

Table 5. Green areas per capita calculated within the borders of Nicosia Municipality.

Green Spaces Green Space Area (m2)

Total green spaces 1,065,954.581 m2

Green space per capita 17.367 m2

Total active green spaces 205,819.081 m2

Active green space per capita 3.353 m2

Total passive green spaces 860,135.5 m2

The total population of the districts of Nicosia Municipality according to the 2011 Census is 61,378.

Then, the distribution of open green areas according to the neighborhoods was calcu-
lated and the amount of active open green areas per person was measured. This measure-
ment was determined by dividing the amount of open green space in the neighborhoods
by the population, see Table 6 and Figure 8.

Although Taşkınköy neighborhood is one of the most dense and crowded areas of
Nicosia City, the measurements indicated that the open green areas in the region are
insufficient. In line with the fieldwork, a total of 19,471.744 m2 of active open green area
was measured in this region and the total active green area per capita was calculated as
5.062 m2 by dividing by the current population of the region (3847 people).

Küçük Kaymaklı neighborhood, which is the largest and most crowded of the 25 neigh-
borhoods, has the most active green space according to the measurements. While a total
of 45,466.385 m2 of active open green area was measured in the neighborhood, the total
population of the region was determined to be 10,572 people. Accordingly, the total active
green area per person was calculated as 4.301 m2.

Although Ortaköy neighborhood is also one of the densest and most crowded areas of
Nicosia, similar to Taşkınköy neighborhood, the measurements showed that the active open
green areas in the region are insufficient. In line with the fieldwork, only 12,850.499 m2 of
the total green area of 110,660.44 m2 in this region was measured as active open green area.
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In line with the 2011 census, the current population of the region was determined to be
8868 people and the total active green area per capita was calculated to be 1.449 m2.

Table 6. Amount of active green areas per capita by districts within the borders of Nicosia Municipality.

Neighborhood Name Open Green Space (m2) Population (2011) Active Green Space Per
Capita (m2)

Abdi Çavuş 0 568 0
Akkavuk 383.318 793 0.483

Arabahmet 0 561 0
Ayyildiz 0 489 0

Haydarpaşa 0 155 0
İbrahimpaşa 0 566 0
İplikpazari 0 229 0

Kafesli 0 233 0
Karamanzade 18,568.428 351 52.9
Mahmutpaşa 264.47 314 0.842

Selimiye 0 878 0
Yenicami 0 1663 0
Aydemet 4470.472 2314 1.932
Çağlayan 29,334.598 1307 22.444

Göçmenköy 12,660.292 3003 4.216
Hamitköy 13,267.001 5338 2.485
Haspolat 1769.695 4204 0.421
Kizilay 10,992.818 3535 3.110

Köşklüçiftlik 15,455.252 2939 5.259
Kumsal 2045.894 1855 1.103

Küçük Kaymakli 45,466.385 10,572 4.301
Marmara 6200.373 3081 2.012
Ortaköy 12,850.499 8868 1.449

Taşkinköy 19,471.744 3847 5.062
Yenişehir 12,617.842 3715 3.396

Total Active Green
Spaces 205,819.081
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4.2. Proximity to Green Space

In this study, to measure the urban space parameters determined for the green area
index, the proximity and accessibility of active green areas within the borders of Nicosia
Municipality were measured. These measurements were made at the neighborhood scale
using fieldwork, GIS and numerical data.

First, the active green areas in each chosen neighborhood within the borders of Nicosia
Municipality were determined individually. These areas were neighborhood parks, play-
grounds, open sports fields, residential compound gardens and other greenery, such as
street trees and plantations. Then, the neighborhood areas where the active green areas
are located, the population data and the face measurements of the active green areas were
compared and their closeness, adequacy and compliance with the green area standards
were determined, see Figure 9.
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As mentioned before, a 300 m distance is used for the neighborhood level of accessibil-
ity of open green spaces in many case studies from different countries. GIS measurements
made in the area showed that there is an accessible active green area at an average of 337 m
from each building (Figure 9). In this context, regarding proximity, actively accessible green
areas at the neighborhood level have a moderate standard in Nicosia.

Small green spaces at the neighborhood scale can meet the daily needs for contact with
nature, and the most valuable open green spaces are intimate and familiar spaces that play
a role in people’s daily lives rather than remote ones [40]. For this reason, 300 m proximity
analysis was chosen primarily for GIS analysis based on the literature review.

The accessibility of neighborhood parks, playgrounds and sports fields was measured
using GIS software 10.1 and 300 and 500 m buffer spatial location analyses. For Northern
Nicosia, the accessibility of active open green spaces was calculated using buffers of 300 and
500 m (Figures 10 and 11). As a result of the measurements, the active and accessible green
areas within 300 m in Northern Nicosia are very limited.
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Measurements conducted in the Taşkınköy neighborhood, one of the largest neigh-
borhoods in Nicosia, showed that the active and accessible green areas within 300 m are
very limited. In Küçük Kaymaklı and Ortaköy neighborhoods, there are few active open
green areas and active and accessible green areas within 300 m are also very limited. GIS
measurements show that the active and accessible open green areas within the 500 m buffer
in these neighborhoods are very few.

4.3. Area Percentages

According to the measurements made on the maps, a total of 1,065,954.581 m2 of
open green area was calculated in the Nicosia region. A total of 205,819.081 m2 of these
calculated open green areas was categorized as active green areas, while 860,135.5 m2 was
measured as passive green areas.

In the study conducted in Northern Nicosia, covering an area of 92.8 km2, only 1.15%
of the total is green areas, and particularly, only 0.22% of them are active green areas. In the
selected neighborhoods, green areas make up 3.43% of the total in the Küçük Kaymaklı
neighborhood, which covers an area of 4.94 km2, with 0.90% of them being active. In
Ortaköy neighborhood, which covers an area of 4.07 km2, 2.76% is green areas and 0.03%
of this is active. In the Taşkınköy neighborhood, which has an area of 5.87 km2, green areas
constitute 2.88% of the total and 0.33% of it is active.

4.4. Types of Green Spaces

There are different types of open green areas in the Nicosia Region, such as sports
fields, playgrounds or parks and residential mass housing gardens. According to field work
and field measurements, 205,819.081 m2 of active open green area has been determined
in the region. Approximately 61% of these areas are playgrounds or parks, while 17% are
sports fields and playgrounds (Table 7).

Table 7. The percentage of active open green areas in the Nicosia region based on the types of green
spaces.

Types of Green Spaces Number of Open Green
Space

Open Green Space
(m2)

Percentage of Open Green
Space (%)

Green spaces 18 16,403.950 7.97
Neighborhood parks 27 125,334.271 60.90

Playgrounds 4 36,949.141 17.95
Residential mass housing gardens 3 2416.402 1.17

Sports areas 1 24,715.317 12.01

Total Active Green Spaces 53 205,819.081

To determine the green areas at the neighborhood level, these green areas were deter-
mined on the maps and they were observed on-site in line with the field work. The green
area types (green spaces, playgrounds, neighborhood parks, sports fields and residential
mass housing gardens) detected according to the previous literature review are all listed,
see Table 8.

The green area types in the Taşkınköy neighborhood were calculated on the maps
and in line with on-site observations (green areas, playgrounds or parks, sports fields and
playgrounds and mass housing gardens). Of the 19,471.744 m2 of active open green area,
16,610.937 m2 consists of sports areas and playgrounds and 2860.807 m2 is composed of
green areas (hobby gardens).

According to the measurements in the Küçük Kaymaklı neighborhood, there was
171,837.932 m2 of open green areas on the map, and field work was carried out in the
neighborhood for only 45,466.385 m2 of active open green areas. It was observed that these
active green areas are sports fields, 11,177.735 m2 is sports and playgrounds, 4441.039 m2 is
playgrounds or parks and 5132.294 m2 is green areas.
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Table 8. Amount and types of active green areas by neighborhoods within the borders of Nicosia Mu-
nicipality.

Neighborhood Name Open Green
Space (m2)

Types of Green Spaces

Neighborhood
Parks Playgrounds Sports Area and

Playgrounds

Residential Mass
Housing
Gardens

Sports Areas

Abdi Çavuş 0
Akkavuk 383.318 1

Arabahmet 0
Ayyildiz 0

Haydarpaşa 0
İbrahimpaşa 0
İplikpazari 0

Kafesli 0
Karamanzade 18,568.428 1
Mahmutpaşa 264.47 1

Selimiye 0
Yenicami 0
Aydemet 4470.472 5 1
Çağlayan 29,334.598 1 1

Göçmenköy 12,660.292 4 2 1
Hamitköy 13,267.001 1 4 1
Haspolat 1769.695 1 1
Kizilay 10,992.818 1 2

Köşklüçiftlik 15,455.252 2
Kumsal 2045.894 2

Küçük Kaymakli 45,466.385 2 4 2
Marmara 6200.373 1
Ortaköy 12,850.499 4 1

Taşkinköy 19,471.744 1 1 1 1
Yenişehir 12,617.842 1 2

Total Active Green Spaces 205,819.081

In line with the fieldwork, only 12,850.499 m2 of the total green area of 110,660.44 m2

in the Ortaköy neighborhood was measured as active open green areas. According to the
measurements, there are only five active green areas in this neighborhood, four of which
are playgrounds or parks and one of which is a sports area and playground, see Table 9.

Table 9. Findings of quantitative components for North Nicosia and its selected neighborhood.

Findings of Quantitative Characteristics

Parameters North Nicosia Taşkınköy
Neighborhood Ortaköy Neighborhood Küçük Kaymaklı

Neighborhood

1. Per-capita green space 3.353 m2 5.062 m2 1.449 m2 4.301 m2

2. Proximity to green space (m) 337 m

3. Area percentages

92.8 km2 5.87 km2 4.07 km2 4.94 km2

205,819.081 m2 19,471.744 m2 12,850.499 m2 45,466.385 m2

total 1.148% total 2.88% total 2.76% total 3.43%

active 0.22% active 0.33% active 0.03% active 0.9%

4. Types of green space

Green spaces 18 1 - 2

Playgrounds or parks 27 - 4 3

Sports area and playgrounds 4 1 1 2

Residential compound gardens 3 1 - -

Sports areas 1 - - 1
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5. Discussion

Urban green space, at the neighborhood scale in particular, is a vital feature for
planning and design attempts to boost urban ecology. An urban neighborhood green space
index can be highly efficient for obtaining comprehensive data and performing a thorough
analysis of urban green spaces for all cities. The related literature provides various methods
to evaluate urban green spaces with different components and parameters [71–73].

Considering these previous urban green space index models, scholars have mostly
focused on quantitative parameters such as proximity to green spaces, area percentages,
building characteristics, accessibility, etc. [74,75]. This type of green index is highly based
on remotely sensed imagery and geographic information systems (GISs) by determining
greenery in relation to building density, height of structures, etc. There is also a sig-
nificant amount of research based on subjective methods such as visual perception and
self-reporting involving questionnaires [74]. Qualitative and perceptual components are
highly excluded. However, an index that aims to evaluate and assess urban neighborhood
green space needs to be evaluated in a more comprehensive way adopting a multidimen-
sional perspective. Therefore, in this study, a new index with three main components was
developed for Northern Nicosia, given the absence of ecological planning and a design
agenda in the city. Based on the related scientific work, in addition to the quantitative
components, qualitative and perceptual components were added to redefine the index
for the city from a diverse perspective. Within the quantitative component, the building
density and height of structures are deliberately excluded, as the city has a relatively high
low-rise density.

Four parameters were determined for the quantitative dimension of the index. From
the quantitative aspect of the study, based on measurements made in the three selected
neighborhoods, there is an insufficient amount of active green space, and the amount of
active green space per capita calculated throughout Nicosia (3.35 m2) is well below the
amount predicted by WHO. WHO determined the ideal per capita amount to be 50 m2,
with a minimum value of 9 m2. This value varies among different countries of Europe. In
some countries, such as Belgium, Germany and Australia, it is almost 200 m2 per person,
whereas in other countries, including Spain and Macedonia, and southern cities of Italy, it
is approximately 4 m2, as cited in [76,77]. Furthermore, in the selected neighborhoods, this
amount was calculated as 5.062 m2 in Taşkınköy, 1.449 m2 in Ortaköy and 4.301 m2 in the
Küçük Kaymaklı neighborhood.

Secondly, in the GIS measurements, 300 and 500 m buffers were created, finding
that the active green areas were accessible within 337 m in the neighborhoods. As WHO
recommends a maximum distance of 300 m to a residence, the proximity is somewhat
sufficient. However, the active and accessible open green areas in these neighborhoods
are very few in the 300 and 500 m buffers, as a remarkable number of them were vacant
or misused.

In addition, regarding the area percentages, only 1.15% of the total is green areas and
only 0.22% of them are active green areas in the city. Furthermore, the percentage of green
space is 3.43% in Küçük Kaymaklı. There is a total of 2.76% green area in Ortaköy and there
is a total green area of 2.88% in Taşkınköy. The area percentages of active green spaces
of these neighborhoods are all lower. This amount is very low considering the standards
proposed. As such, it is recommended to have a minimum of 25% of green urban land.

Regarding the quantity of green spaces based on the type, active green areas are not
regularly distributed among neighborhoods and most of the green areas on the map are not
actively used because they are vacant and abandoned areas. They are in an abandoned state,
and in some neighborhoods, there are no playgrounds, sports fields or neighborhood parks.

The study aimed to conduct an assessment and thorough analysis of Nicosia city and
its chosen three neighborhoods regarding four parameters of the quantitative characteristics.
As a limitation of this research, only three large neighborhoods were chosen as the study
areas. The quantity of analyzed neighborhoods could be increased. Furthermore, the other
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defined components of the UNGI, which are defined as perceptual and qualitative, can also
be measured in the same or other neighborhoods.

6. Conclusions

Urban environments are enlarging day by day. Consequently, contemporary cities are
expanding rapidly [78]. In today’s world, cities are increasingly expansive and dispersed
landscapes [79]. Challenges are increasing in managing and reducing human influences on
the natural environment in cities, as vegetation areas are decreasing. This negative trend
contributes significantly to global warming and climate change phenomena. Therefore, the
significance of the existence of open green spaces is increasing worldwide as part of the
discourse on ecological urban planning.

Urban green spaces form an integral and important part of an urban area. These
spaces have gained popularity in the interdisciplinary domains of ecology, medicine,
psychology, economics, sociology and geography due to the growing demands associated
with urbanization. Research on UGSs is still developing in these fields [80].

The quantity and quality of these areas at every scale of the urban environment are a
primary concern for planners and decision makers. A neighborhood is synonymous with
proximity and can be defined as an area with homogeneous properties. The neighborhood
level is particularly important because it is the core working level for implementing eco-
logical planning and design strategies. Thus, developing an index that is specific for the
urban environment with standards and classifications can be vital for the establishment of
a thorough network of green space, leading to efficient functioning for urban ecology. In
other words, the Urban Neighborhood Green Index aims to assess green spaces at the neigh-
borhood level both qualitatively and quantitatively with the help of disparate parameters
combined as one unit. This measurement can help identify critical issues with challenges
and opportunities that can be used to operate comprehensive ecological planning and
design decisions.

Northern Nicosia also requires an increasing ecological urban planning and design ap-
proach. The city has significant deficiencies with regard to the quality and quantity of urban
environments, including urban green spaces such as parks and playgrounds. Within this
framework, through a theoretical review, this study first develops an urban neighborhood
green index as the theoretical model with three main components (quantitative, qualitative
and perceptual), including parameters for each. The quantitative component consists of
four parameters: ‘per capita green spaces’, ‘proximity to green spaces’, ‘area percentages of
green spaces’ and ‘types of green spaces’. Secondly, the qualitative component of the index
consists of ‘hardscape elements’ and ‘softscape elements’. Hardscape elements involve
features such as urban furniture, sport areas, semi-open/semi-closed spaces, artificial water
items, infrastructural features, paths, resting areas, playgrounds and parking areas. On
the other hand, softscape elements include vegetation such as trees, shrubs and ground
coverings; soil and natural rockery; and natural water features. Furthermore, the perceptual
component consists of user perception and community involvement, which means the
frequency of visits to urban spaces. In conclusion, the aim is that this index, developed
for Nicosia city in particular, can be efficiently applied in various cities of the world for
quantitative and qualitative measurements and analysis of urban green spaces.

Later, in the methodology part of this study, the city of Northern Nicosia and its three
neighborhoods, Ortaköy, Küçük Kaymaklı and Taşkınköy, were chosen as the study areas.
In this study, only the quantitative component with its four parameters was measured and
analyzed, which is a limitation of this research. Based on the findings, urban green spaces
are not sufficient regarding three of the four parameters evaluated within this study to
construct a comprehensive green space index.

As concluding remarks, the authors aimed to propose an index at the neighborhood
level as a new paradigm to be used for ecological urban planning and design, with a
focus on UGSs based on sustainability. In conclusion, this study, which involves not only
quantitative parameters but also qualitative and perceptual features, has the potential
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to contribute to expanding the scientific knowledge on measuring and analyzing urban
neighborhood green spaces.
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