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areas of the city of Erbil. This study was conducted in 2017 and 2020
to measure the accessibility of green spaces using network analysis
with GIS for Erbil city. The present study represents the first known
investigation regarding the accessibility of public green spaces within
the city of Erbil. The results show that for community parks, 68% of
the population has access with a travel time of 5 minutes, 99% of the
population has access with a travel time of 10 minutes, and 100% of
the population has access with a travel time of 15 minutes. For district
parks, 70% of the population had access with 5 minute drive time.
With 10-minute drive time, 96% of the population had access and
100% of the population had access with 15-minute drive time. For
neighborhood parks, the results show that 43% of the population had
access with 5-minute walk and, 71% of the population had access with
10-minute walk. At 15-minute walk time, 80% of Erbil residents had
access to neighborhood parks. Mini parks were accessed by 22% of
the population with a 5 minute walk and they were accessed by 52%
of the population with a 10 minute walk. With a 15 minute walk, mini
parks were accessible to 70% of the population.
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INTRODUCTION

Urban green areas are places that provide opportunities for people to
engage in a variety of sporting and recreational activities. Therefore,
public green areas and recreational facilities are important for social
and economic health of cities and towns (Sallis et al., 2004). Therefore,
there is increasing desire for the creation of organized public green
spaces such as public parks and open sports facilities in residential
areas like cities. These urban green areas are an essential urban
function and land use in the urban development plan. Although a
number of such public green areas and recreational facilities were
developed in the urban area of Erbil, except for a small number of larger
parks and organized facilities, the others are not used for many reasons.
The main reasons for the underutilization of urban green spaces include
lack of accessibility, lack of attractiveness, unsuitable location and
behaviour such as lack of time, and lifestyle and social problems. The
success of urban green spaces and open recreation spaces is highly
dependent on accessibility (Project for Public Spaces, 2011). Physical
accessibility, such as the quality and availability of access, cost of access,
time distance, connection to residential areas, and parking and safety, is
considered one of the most important characteristics that influences the
successful use of these urban green spaces. Similarly, it is argued that
visual access variables such as sight distance and visibility of parks
influence the use of urban green areas.

Accessibility to urban green areas in a city is generally affected by the
degradation of an efficient and sufficient public transportation system,
the increase in commercial and related activities that occupy these
spaces, the lack of good physical transport facilities such as roads,
pedestrian facilities, security, parking, and policies, and the growth of
traffic volume, resulting in traffic congestion and increased travel times.
Similarly, accessibility to urban green spaces is measured by
characteristics such as continuity, proximity, connectivity, walkability,
and convenience, as well as pedestrian and vehicular infrastructure and
visual accessibility parameters. Thus, it is critical to assess the key
factors that influence the accessibility of public green spaces in a city's
residential neighbourhoods, and then develop planning and design
guidelines to improve accessibility so that urban green areas will be
more vibrant and can be used to their fullest potential.

As an attribute of urban land use, green spaces have many functions,
such as providing resources and serving as a habitat for life (Solecki and
Welchb, 1995). Urban green spaces are areas built as facilities within
the city (Bilgili and Gokyer, 2013). They are green spaces that have
similar layout and characteristics. Urban green spaces impact traffic
flow and emissions, air quality, microclimate, noise, accessibility,
economic impacts, and social benefits. These impacts vary from the
neighbourhood level to the regional level. The use of various green
spaces that serve the entire urban area should be evaluated in urban
planning and green space design.
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The adequacy of green space was evaluated by many researchers. It
is not correct to evaluate the total area of green space created for
recreational purposes in cities by relating it to population size. It is
necessary to evaluate the green areas created, or that will be created,
based on planning principles and criteria using methods that are
consistent with planning principles.

Therefore, the objective of the study was to identify the most
significant main accessibility factors that discourage the use of public
urban green areas, and examine the extent to which they influence the
use of green areas in residential areas of the city of Erbil. Studies
indicate that the ratio of road network to pedestrian network (paved
paths), the number of access streets to the green areas, and the size of
green spaces affect the use of the urban green areas to varying degrees.
The questions this study seeks to answer are listed below;

» How accessible are public green areas for different populations
within 300 m, 600 m, and 900 m of each other, or 5 minutes, 10
minutes, and 15 minutes by foot for mini-parks and
neighbourhood parks, and by car for community parks and
district parks?

e In which areas of the city of Erbil do new public green spaces
need to be created and accessibility to public green areas need to
be improved?

To find answers to these research questions, a two-stage method was
applied. First, all green spaces and streets in the city of Erbil were
classified, and then the geographic data for the neighbourhoods were
linked to demographic data to calculate the population that has access
to these green areas.

The study consists of five main parts, after the introduction, the
relevant literature review is given, while method, study area and
materials used in the study are explained in the next section. The results
of the network analysis are given in the results section, which precedes
the discussion and conclusion.

LITERATURE REVIEW

Urban Green Areas
Urban green areas are open spaces in urban areas that are mainly

covered by vegetation. They can be public or private urban green spaces
that include parks, community gardens, forests, and nature reserves. In
this study, only public urban green spaces were examined because these
public green spaces are free and most of the population do not have
access to private green spaces.

Green areas, as a concept, generally refer to a tract of land that is
covered wholly or partially with living vegetation, grass or trees and
openly accessible by the public free of charge and with ecological, social
and economic benefits. Frederick Law Olmsted used the word "park” in
his address in 1870 " A Consideration of the Justifying Value of a Public
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Park” to mean a large tract of land set apart by the public for the
enjoyment of the rural landscape (Czerniak, 2007). The State
Government of Victoria (SGV) defined green space as an area that is
publicly owned, protected land, set aside primarily for nature
conservation, recreation, public gatherings, and passive outdoor
enjoyment (SGV, 2008). The State Government of Victoria determined
that public green space (including publicly-owned parks, gardens,
squares, waterways, forecourts and green space on universities
campuses and schools, nature strips along streets, major sporting areas
that are managed by the government) should be offered to the city
residents freely. Green spaces usually contain many trees and large
areas of grass cover. Their contribution to the environment is important.
Urban green spaces improve the quality of the urban environment by
regulating urban air temperature and humidity, preventing water
pollution and urban air pollution, and maintaining biodiversity
(Hirokawa, 2011; Sun et al., 2013; Watmough et al., 2013). Green spaces
help store and process storm water, cool air temperature in the urban
center, and provide habitats for a rich community of animal, plant, bird,
aquatic and microbial species.

Accessibility and access to green spaces
One of the characteristic features of human behaviour is the ambition

and ability to move all around the world to exchange merchandise and
information over long distances (Hodgart, 1978). Commuting, moving,
shopping, gathering, distributing, communicating, and vacationing often
take place over some distance. Therefore, accessibility requires special
forms of public social behaviour - spatial interaction.

Accessibility is an indicator that reflects the ease with which an
intended point or place can be reached from the user's perspective.
From the perspective of a product, device, service, or environment, on
the other hand, it is defined as the number of users who can use the
phenomenon in question. Accessibility analyses are widely used to
check the benefits of plans as a planning control tool, to help decision
makers to investigate new locations for urban services, to test the
benefits of current locations of urban services, to identify thresholds for
urban services, and to determine the capacity and service area of urban
services such as education, emergency facilities, leisure, industry and
shopping, etc. (Kuntay, 1976; Kuntay, 1990). Halden et al. (2000) also
emphasized accessibility analyses as practical tools for evaluating the
performance of transportation systems. Accessibility results can be used
to check if urban services are highly accessible by walking, cycling or
public transport etc., to identify critical regions that are out of current
service range or to select appropriate sites for new services.

Failure to consider accessibility in the spatial planning and decision
processes of a city may result in total barriers to accessing the relevant
service for those living in the city and disability in terms of users. In this
sense, accessibility is important for decision-makers when selecting
locations for new urban facilities (education, health, fire, etc.), it is also
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used to guide planning by determining the capacity and service area of
the facilities in question. With network analysis applied for this purpose,
it is possible to determine the areas outside the service area for the
service in question or to determine the most appropriate location for
new urban infrastructure under consideration (Kuntay, 1976; Kemec,
2001).

One of the important issues highlighted in the literature related to
public green spaces and public recreation facilities is access, which
significantly affects their success. The access to public green areas is
related to improved physical and mental health of individuals
(Sugiyama et al., 2008; Payne et al., 2005; Potwarka et al., 2008). Green
area users are more likely to have good levels of health and physical
activity compared with non-users (Deshpande et al., 2005) because
there is proof that lack of accessibility of green areas and distance from
green areas are inversely related with utilization and physical activity
behaviour (Kaczynski et al., 2008).

The significance of green space for urban residents lies in quantity,
spatial arrangement, and dispersion across communities or
geographical areas, which ultimately govern accessibility. The
accessibility of green spaces is frequently determined by factors such as
location, proximity, and size, as noted by Zhang et al. (2011). The
accessibility of a place is contingent upon its geographical location and
the surrounding environment. It is imperative that green spaces
designated for public use possess the qualities of being accessible,
passable, and visible from a distance. According to Wilbur et al. (2002),
the utilization of green space is positively impacted by the presence of
local public green space that can be accessed by walking. Conversely, the
need to travel to a park may have a negative effect on green space
utilization. The utilization of public green spaces is influenced by factors
such as geographical location and safety considerations. According to
Herzele and Wiedeman's (2003) findings, the most significant factor
affecting access and utilization of green spaces is the walking time or
distance from one's residence. Proximity to green spaces and ease of
access were found to positively impact the frequency of visits and
utilization by nearby communities, as noted by Atiqul Haq (2011) and
Herzele and Wiedeman (2003). According to research conducted in
Helsinki, individuals residing within a 0.50 km radius of green spaces
tend to visit them more than four times per week (Neuvonen et al,
2007; Atiqul Haq, 2011). As per the findings of Etzioni (1998), it is
recommended that public green spaces should be situated in close
proximity to the neighbourhood centre and should not be farther than a
five-minute walk for the residents. The concept of accessibility can
encompass a wide range of considerations. According to Comber et al.
(2008), accessibility in the context of the green space literature refers to
the proximity of residential areas to locations providing access to green
spaces, measured in terms of walking distance. Green spaces differ in
size and characteristics and therefore have different impacts. Some
studies indicate that people visit neighbourhood green spaces more
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frequently than district or regional green spaces (VDSE, 2002).
Neighbourhoods are considered a meaningful territorial element of
urban life for many people and a planning ideal in many parts of the
world (Lee, 1968; Pacione, 1982; Martin, 1998). A neighbourhood
should provide a number of green areas that serve several uses; to
ensure all inhabitants have accessible neighbourhood green areas
within a specific distance (800 m, 1200 m, or 1600 m, etc.); and to
ensure a walking network links the green space to the broader green
space network - as the network of green spaces may form the main
component of travel through a neighbourhood (Lee, 1968; Pacione,
1982; Martin, 1998).

GIS and Green Space

GIS plays an important role in environmental justice and green space
accessibility analysis. GIS and network analysis within it can compute
time of travel from one place to another. Studies use network analysis
within GIS to explain how different religious groups, ethnic groups, and
socio-economic groups access urban green space (Comber et al., 2008).
The reason that many studies utilize GIS to carry out environmental
justice analysis is because it is only possible to solve different social
problems after recognizing the issues. Importance of equal access to
green space must be noted by planners, because all inhabitants living in
a city deserve to have equal accessibility to public green areas. Studies
can raise awareness about utilizing GIS so that scholars can use it to
address different kinds of environmental or social issues. This research
is the first to utilize GIS network analysis to study the accessibility of
public urban green areas, in the city of Erbil. Network analysis within
GIS allows landscape architects and urban planners to understand how
environmental justice influences cities and to help societies have more
equitable accessibility to healthier environments, such as public green
spaces. GIS network analysis can be used as a method for architects and
urban planners to analyse neighbourhoods in need of renovation.

There are two popular measurement methods that are utilized to
study accessibility: network analysis and Euclidean analysis. Urban
planners most commonly use the Euclidean technique, referred to as
straight-line distance, to measure accessibility (Coutts et al, 2010;
Coutts et al,, 2013 and Moseley et al., 2013), but the Euclidean technique
simplifies the real world because it does not account for obstacles to
movement in a city. On other hand, network analysis depends on the
actual roads and their related speeds and is much more accurate for an
accessibility study (Steadman, 2004). Researchers and urban analysts
increasingly focus on the distribution of green spaces in urban
environments.

Ann (1991) utilized GIS to measure accessibility as the straight-line
distance from open green spaces including rivers, green belts, and water
bodies, to residential areas (Ann, 1991). Some research results
explained that spaces within a linear distance of 700 m from open areas
comprised 98.6% of all areas in the city of Seoul, and so the provision of
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open areas was judged to be more than adequate (Eom et al., 2008 and
Eom and Lee, 2009). Gobster (1995) in exploring issues related to
access and use of green space and recreation facilities by poor and
minorities found that sections of the Chicago River Corridor adjacent to
lower-income minority neighbourhoods tended to have lower
vegetation quality, poorer maintenance, and low accessibility compared
to sections adjacent to higher-income ‘white’ neighbourhoods. He
hypothesized that lower-income minority neighbourhoods may not
have access to quality open space environments like those available to
upper-income majority neighbourhoods. Talen (1998) used an equity
mapping method and a needs-based measure of equity derived from
professional green space planning standards and planning policy
documents to examine accessibility to green space in Pueblo, Colorado.
They found that areas with Hispanic populations had low accessibility.
Nicholls (2001) studied distributional equity within a system of public
green areas in Bryan County, Texas and accessibility using GIS and the
Mann-Whitney U test procedure in SPSS. The results showed that no
inequality was present. Lindsay et al. (2001) explored the nature of
green ways as public spaces in Indianapolis, Indiana. Their research
study used simple GIS analysis of census and proximity as a measure of
accessibility and other data to determine equality of accessibility. The
results showed that minorities and low-income majorities have unequal
accessibility to open spaces. Recently, the Gaussian-based 2SFCA
approach was utilized to estimate green space accessibility in Georgia
(Dai, 2011) and the results showed that many of the census tracts were
beyond walkable distance to the nearest green area.

Health outcomes may be influenced by socioeconomic status,
environmental quality, and access to health care (Massey, 2004). Low-
income communities need the same amenities as affluent communities.
Cancer and other diseases are directly linked to the disposal of chemical
or toxic wastes. Low quality of life and the environment in these
locations contribute to high prevalence of health issues among the local
population. Good access to urban green areas can help reduce these
health problems, but the high quality of the living environment should
not be restricted to high-income groups. Bolin et al. (2005) argued that
the historical development of the socio-spatial effect produced unequal
and unsafe environmental burdens in low-income and minority
communities in Southern Phoenix. Therefore, understanding
environmental hazards and the current and historical distribution of
different racial groups is necessary to research environmental injustice.
In the same way, Bolin et al. (2005) studied how racial categories and
companion social relations were constructed by the white majorities to
produce a stigmatized area of economic and marginality racial exclusion
in South Phoenix at the end of 19th century. Chona et al. (2010) argued
that some minority groups don’t have good accessibility to green areas
and parks in Los Angeles as the city has grown and become increasingly
dense. Inner-city minorities and low-income people dwell in poorly-
planned neighbourhoods. These areas lack green space and other
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recreational possibilities. Urban green space is in demand because
individuals may meet friends, get fresh air, play with children, and
interact here. Most research shows that low-income and minority
groups have reduced access to these green places.

Several researchers chose network analysis because it has an
advantage over the covering approach as it reflects actual travel and
avoids all the barriers that make routes inaccessible to pedestrians.
Scholars examined environmental justice in the Phoenix urban area and
the socio-spatial distribution of different types of facilities in the
Phoenix metropolitan area in relation to the demographics of nearby
neighbourhoods. They found that ethnicity and social-class are directly
related to the distribution of air pollution and immigrants, low-income
and Latino inhabitants had higher exposure to pollutants than high
income and white residents. Comber et al. (2008) studied green area
access for different ethnic and religious groups in Leicester, UK, and
they explained that Sikh, Hindu and Indian groups, which are ethnic
minorities in Leicester, had limited access to green areas. Comber et al.
(2008) utilized network analysis to determine green area access for
different religious and ethnic groups in the UK. Boone et al. (2009)
found that more African Americans in Baltimore, Maryland had access to
green areas within 400 meters walking distance while white people had
access to more green spaces in less than 400 meters distance.

Numerous academic studies showed that parks are often distributed
in a manner that disproportionately benefits affluent and white
populations, thereby creating a significant environmental justice issue
with regards to the unequal allocation of green spaces. Although it is
impossible to alter an existing neighbourhood, it is important to study
where injustice exists and the ways that this injustice can be overcome.
Coombes et al. (2010) found that residents living with high accessibility
to green areas were more likely to fulfil physical activity
recommendations and less likely to be obese or overweight. Coombes
suggested that the provision of good access to green space in
metropolitan areas may promote physical activity for the population
(Coombes et al., 2010). Zhang et al. (2011) explained that developed
states in the western and midwestern US had higher neighbourhood
green space accessibility, while developing states had lower accessibility
(Dai, 2011). More recently, the Gaussian-based 2SFCA approach was
utilized to determine green space accessibility in Georgia. The results
showed that Georgia still faces the challenge that many of the census
tracts are beyond walkable distance to the nearest green area. Bennet et
al. (2012) used the network analysis approach to measure the walking
distance to the nearest playground and to determine the number of
users of playgrounds within the playground's service area.

METHOD, STUDY AREA AND MATERIALS

Method

This study analysed the green spaces in Erbil city and measured the
accessibility of green spaces with environmental justice in Erbil city for
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public green spaces. The study examined the accessibility of active green
spaces in Erbil city. If all green areas in the city are divided into two
categories according to their usability as explained in the diagram
(Figure 1), there are two main classes, namely active and passive green
areas. In the active green spaces, a total of 264 parks were included in
the study. Active green spaces consist of four groups (community parks,
district parks, neighbourhood parks, and mini parks) according to the
area size and facilities provided. All quarters of Erbil city were selected,
and all roads and streets were classified according to speed limitations.
All of the datasets were prepared with AutoCAD and then converted to
GIS to analyse and calculate time costs to access green spaces, area that
encompassed by public green space services and number of residents
who access these services, as shown in the diagrams (Figure 2 and
Figure 3) (Kemec etal. 2019).

[ All green areas ]

1 1
[ Active green areas J [ Passive green areas ]

1. Community 1. Forested areas

2. District
2. Green belts

3. Neighborhood

4. Mini

The green space classes created after classification, taking into
account areal size and facilities provided by the park are defined below;

1. Community Parks: Community parks are considered the
largest green space in size and are well known amongst all residents.
Community green spaces contain all facilities, serve all age groups and
provide a wide variety of opportunities to a broad cross section of
residents. Ten community parks were included to the study.

2. District Parks: A district park is a mid-sized green area
providing space for recreation or sport and facilities. These types of
green space serve large groups in the city and are attractive to a range of
users. They serve several communities or suburbs and are quite well
known for residents living in their catchment. Ten district parks were
included to the study.

3. Neighbourhood Parks: Neighbourhood parks serve a small
population area, have convenient standard size. The population for this
kind of green space is 1 hectare per 1000 people and they usually range
in size from 0.5 hectare to 4 hectare. These parks provide facilities for a
range of age groups. Neighbourhood parks are considered one of the
most significant features of the green space system. They are deemed
one of the major elements in neighbourhood design and their essential
role is provision of recreational space for surrounding neighbourhoods.
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These types of green areas should be located at the centre of the
neighbourhood, have a service area of about 800 meters, convenient and
safe pedestrian access and range in size from over 0.25 hectare up to 5
hectares. The study encompasses a total of 189 neighbourhood parks.

4. Mini Parks: Local green areas are small green spaces for use
by a very small population. These green areas normally serve a
population between 500 to 1000 people, usually include a playground
for children or have aesthetic purposes. In relation to size, they are
generally less than 0.25 hectare. A total of 55 mini parks were included
in the study.

[ All parks polygon l Roads with lines :

Calculate cost for [Calcu]ate cost for Driving
[ 4 active park classes ] walking

Network analysis

l_'_l

[ Accessibility of polygons for 5, 10 and15 minutes

Network analysts

[ Accessibility polygons

Tabulate intersection

[ Percentage area covered with services ’

[ Quarter horders with populations

Study area

This research was carried out in the city of Erbil (Figure 4), which
has a population of almost 1,000,000 people. Because Erbil gets very hot
in the summer, there must be enough green space. Green spaces should
be freely accessible to inhabitants, and residents should have easy
access to public green spaces. Erbil has a lot of urban green space. All
public green space evaluated in this study were chosen with the input of
Erbil Municipality and the Green Space Directorate. A comprehensive
accessibility study should incorporate multiple criteria to effectively
gauge and comprehend the significance and practical value of
accessibility to green areas. These criteria may include:

1. Availability of datasets that are required and accessible
for the study area to allow focus on matters related to

Figure 2. Methods for analysing with
the GIS Network analysis tool

Figure 3. Methods of calculating
area and population covered by
services.
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mapping, measuring and analysis of green space
accessibility.

2. The study area must have a high level of accessibility to
allow verification and workable field-based observations
when necessary.

3. The study area should be a significant metropolitan area
with green space provision and development to allow the
assessment of space and time changes in relationships
between demand and availability of urban green space.

Due to the factors mentioned above, the city of Erbil was chosen as
the location for the research project since it is desirable to conduct
concentrated research about the availability of green space.

Erbil city is located in the north of Iraq with latitude: 36°11'33.25" N
and longitude: 44°0'38.23" E and elevation above sea level of 429.00 m.
The climate of Erbil City is dry and semi-arid climate according to the
Koppen-Geiger climate classification (steppe BSh and Mediterranean
Csa). It is cold and damp in winter and hot and dry in summer, with
short autumn and spring seasons compared to winter and summer. In
winter, this locale is affected by Mediterranean cyclones that move east
to northeast over the area. Arabian Sea winds move northward passing
over the Arabian Gulf carrying significant moisture causing high
precipitation in the region. In summer, the region is impacted by
tropical high pressure belts and Mediterranean anticyclones. The sub-
tropical high pressure centres that move from west to northeast and
north pass over the Middle Eastern landmass carrying sand to the
region. The highest daily temperature may reach 50 °C in hot summer
periods, while the lowest daily temperature can drop to 0 °C in cold
winters. Therefore, it is necessary to provide green spaces in Erbil city
in terms with significant numbers and features for inhabitants because
of the higher amount of hot days within a year.
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Material

As is common in GIS applications, it was envisaged that the data
collection phase would take the majority of the time in the study,
comprising 80-85% of the time. The data obtained for the study (Table
1) included;

= Green space locations; in point data format, green space location
data should have a distance that can be articulated to the
transportation network used for accessibility analysis. In other
words, the transportation network data should be obtained for
an area wide enough to cover all green space points

= Transport network; roadways to be included in the analysis in
vector format with in line detail, hierarchical and average
velocity data were entered into the attribute table

= Quarter borders and population data; used to find the access
status in each neighbourhood in terms of population

Figure 4. Location of the study
area (a) in Iraq, (b) Erbil city and
near surroundings (Google Earth),
(c) Erbil city center (source: U.S.
Agency for International
Development (USAID)
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Table 1. Data used in this study

No. Datasets Purpose of dataset Sources of dataset

Green space

1. To determine the greenarea  Directorate of Green Areas

locations
To calculate dist d
2. Road network _0 catcuiate distance an Erbil City Municipality
time to access green spaces
3. Quarter borders Combine with population Erbil City Municipality
data
4. Population To calculate population KRG Statistics Office

Data processing stages

1. Green space locations: The study covers the accessibility of active
green spaces in the city of Erbil. Therefore, passive green areas were
excluded from the scope of the study. Green space boundaries were
acquired in CAD format. This data was first transferred to the GIS
environment and converted to point detail in order to be used as input
for network analysis. There were 264 green spaces in the study area,
classified in to two categories as active green areas and passive green
areas. Active green space included 10 community parks, 10 district park,
189 neighbourhood parks and 55 mini parks.

2. Road network: Another input for network analysis is road
network data. For the analysis, the required impedance information was
created by seconds required to traverse the relevant road segment. To
calculate the impedance input, which constitutes the next step in the
method, the path data must be created in a hierarchical manner. The
road network data used in the study comprised road hierarchy
information created by expert definition. Road network data must be
hierarchical. Considering academic studies and Erbil's road conditions,
the average speed for each road segment was incorporated into the
created road network data. The average speed values were as follows;
intercity roads 70 km/h, degree I urban roads 50 km/h, degree Il urban
roads 30 km/h and degree IIl urban roads 15 km/h.

Calculation of impedance (cost): Costs must be calculated. These
costs can be stated in a variety of measures, including time, money, and
land. The time required to pass each line segment is used as cost in this
analysis. The mathematical logic of the method on which network
analysis is based is the determination of input time determined in
seconds to be spent on each road segment (the cost of traveling the road
segment is calculated by the length of the related road segment and the
average speed observed on the related road segment) and finally
reaches the point where it is '0’. As a result of the analysis, service areas
were created by combining the end points of road segments where the
input time reaches zero.

After hierarchical classification of the road network, average speeds
determined in ’kilometers/hour’ were then converted to
'meters/second’. The length of each road segment was calculated in
meters in the GIS environment and entered into the road network data.
By dividing the calculated road segment lengths in meters by the
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average speeds in meters/second, the time required to traverse each
road segment was obtained in ‘seconds’.

3. and 4. Quarter borders and population: Quarter borders and
population of these quarters were used for the evaluation of
accessibility analysis results. The quarter border layer in CAD format
was converted to the GIS environment. Then tabular population data
was integrated with the quarter border layer by using the joint tool in
the equipped software.

RESULTS

Accessibility analysis results for public urban green space in different
quarters of Erbil city are given below (according to park type);

1. Community Parks: There were 10 community parks with
accessibility measured by GIS network analysis for 5, 10 and 15 minutes
of driving. The results show that for 5 minutes driving, 68% of the
population have access to green space and 32% of population don’t have
access to green areas. For 10 minutes of driving, there was accessibility
for 99% of population and 1% of population don’t have access to green
areas. For 15 minutes driving, there was accessibility for 100% of
population to public community parks (Figure 5).
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2. District Parks: There are 10 district parks with accessibility
measured by GIS network analysis for 5, 10 and 15 minutes for driving.
The results show that for 5 minutes driving, 70% of Erbil city population
had access and 30% of population don’t have easy access to district

Figure 5. Community Park
accessibility with 5, 10 and 15
minutes driving



Figure 6. District park accessibility
with 5, 10 and 15 minutes driving
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parks. For 10 minutes driving, there was accessibility for 96% of Erbil
residents to district parks. For 15 minutes driving, there was 100%
accessibility to district parks (Figure 6).
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3. Neighbourhood Parks: There were 189 neighbourhood parks
with accessibility measured by GIS network analysis for 5, 10 and 15
minutes walking. The results show that for 5 minutes walking, 43% of
Erbil city population have access and 57% of population don’t have easy
access to neighbourhood parks. For 10 minutes walking, there was
accessibility for 71% of Erbil residents to district parks. For 15 minutes
walking, 80% of Erbil city residents have accessibility to neighbourhood
parks (Figure 7).

4. Mini Parks: There were 55 mini parks in Erbil city with areas less
than 2000 m2 and accessibility measured by GIS network analysis for 5,
10 and 15 minutes walking. The results show that for 5 minutes
walking, 22% of Erbil city population have accessibility and 78% of the
population don’t have easy access to mini parks. For 10 minutes
walking, there was accessibility for 52% of Erbil residents to mini parks.
For 15 minutes walking, 70% of Erbil city residents have accessibility to
mini parks (Figure 8).




S. Kemec & S. H. Abdalkarim

39

4E'STUE 48'STI0E 6SIVE E°SEITE MUSOUE SOSN0E AIUUE 4TONE ATIVE STUNE ATI0E ATTNE ATIVE TVNE AT4VE ATNE ATSUE STSWE

607N +

1N+

Legend

@ neighborhood park point
Roads Fae 100

[ Quanters boraer

I 5 vinutes waking Fasen

B 10 Minutes walking
| 15 Minutes walking

e +

fasew
srNe + t+

Kilometers
0 04509 1.8 27 6

4 4 + + i - + o foeen

T T T T T T T T T T T T T T T T T T T
4ESEINE 4E'STUE 46'STIDE 4G'SEUE 48°SEI0E 48'SO0E 46'S0I0E 4T0UE 4TUNE 4TIUE 4THE ATIUE 4TTNE ATIVE 4TIWE 4THUE ATHWE 4TSUE 4TEWE

DISCUSSION AND CONCLUSION

The aim of this research conducted in Erbil, Iraq was to evaluate the
overall state of public green space and assess their accessibility within
the city. Additionally, the study sought to ascertain the costs associated
with accessing these green spaces, compare the accessibility of public
green spaces in Erbil with global benchmarks, and identify areas within
the city that require additional parks. There are many green spaces in
Erbil city which were classified into active and passive types according
to their daily use by people. The present study specifically focused on
the active types, as they are deemed to be the most significant
component of public green spaces within the metropolitan area.
Additionally, the roads were categorized into four distinct groups based
on their average speed limits.

To date, there is no extant research about the accessibility of green
spaces in Erbil city, which would enable a comprehensive evaluation of
the overall state of public green space. The present study represents the
first known investigation regarding the accessibility of public green
spaces within the city of Erbil. The network analysis tool in
environmental GIS was used to determine time cost access to public
green spaces divided into groups of small parks and large parks. Small
parks include neighbourhood parks and mini parks with time cost
calculated for walking distances of 300 m, 600 m and 900 m; meaning 5
minutes, 10 minutes and 15 minutes. Results for neighbourhood park
access show 43% of the population had access with 5 minutes walking;

Figure 7. Accessibility of
neighbourhood parks with 5, 10
and 15 minutes walking



Figure 8. Accessibility to mini
parks with 5, 10 and 15 minutes
walking
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71% of the population had accessibility in 10 minutes; and 80% of the
population had access with 15 minutes walking. Access to mini parks
with 5 minutes walking was available for 22% of the population; it
encompassed 52% of residents with 10 minutes walking; and 70% of
population had access with 15 minutes walking. For access to large
parks, access to community parks and district parks was calculated for 5
minutes, 10 minutes and 15 minutes driving. For community parks, with
5 minutes driving 68% of population had access; with 10 minutes
driving 99% of residents had access; and with 15 minutes driving 100%
of the population had access. Network analysis for district parks found
that with 5 minutes driving, 70% of residents had access; for 10 minutes
driving 96% of the population had access; and for 15 minutes driving
100% of residents of Erbil city had access.
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Analysis possibilities offered by GIS software are important for the
detection and/or modelling of spatial processes operating in a city.
However, there are serious problems with spatial data to enable this
type of analysis in the city of Erbil. These problems can be listed as lack
of data, temporal and spatial extent of the data found, and problems
related to timeliness and access. Additional challenges encountered in
this investigation included the arduous task of procuring datasets from
governmental entities due to security apprehensions, which impeded
the accessibility of said datasets. All datasets utilized in this study are
primary data that were manually generated. In terms of future research
directions, it is recommended that further investigations be conducted
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about critical urban facilities and services such as health, fire fighting,
and police stations. Additionally, incorporating real-time speed data in
accessibility analyses may enhance the precision of the findings.

Within the scope of publications, the position-based service levels of
the parks in the city were evaluated. However, in future studies, it will
be possible to make an ecological network-based assessment of the
green areas that provide input to the study with the data used, as in
Cetin (2015). In this context, in addition to the presentation of green
infrastructure as a service with an equitable approach, visual,
recreational and aesthetic concerns, evaluation of the adequacy of green
spaces as an ecological function and the status and potential of creating
an ecological network will be the main criteria.

This study exhibits a dynamic nature, as it pertains to fluctuations in
both the quality and quantity of green space. Furthermore, alterations to
road networks may potentially impact the accessibility outcomes;
thereby necessitating the need for updated data in future analyses.
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