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Abstract: This paper examines the accessibility of urban green spaces within the Syrian city of
Aleppo before the civil war using an environmental justice approach by indicating the current state
of the parameters proximity and quantity in relation to the socioeconomic status of the inhabitants.
Therefore, we conducted the average nearest neighbour analysis, facilities over and under coverage
analysis, network analysis and a one-way analysis of variance (ANOVA) test followed by a post-hoc
Tukey honestly significant difference (HSD) test. The findings clearly indicate that the spatial pattern
of the distribution of public parks facilities was significantly clustered (p-value < 0.0001), with a
Z-score of −16.4. Several neighbourhoods within the western and central parts of the city were
identified to have a higher density of facilities, while the majority of the neighbourhoods located in the
marginal parts in eastern Aleppo (low income) lack access to urban green spaces. The hierarchy-wise
analysis reveals a strong deficit of urban green spaces at lower hierarchies, for example pocket parks
and neighbourhood parks, while access to quarter parks and district parks is high. The urban green
spaces at higher hierarchies are located in high and middle socioeconomic status areas. Regarding
social segregation in park distribution and their accessibility, the data showed that high income
neighbourhoods enjoy a significantly higher percentage of park facilities. The approach presented in
this paper offers a generic method for the future development of public green spaces for balanced
and sustainable planning.

Keywords: public green spaces; environmental justice; socioeconomic status; average nearest
neighbour; network analysis; Aleppo; Syria

1. Introduction

Spatial equity to public park is an important measure of sustainability and therefore, sustainable
cities should seek to offer equitable access to public facilities and amenities to all cohorts of their
population [1–3]. In cities of the developing world like Syria, unplanned and informal settlements
are increasingly affected by social and spatial inequality, resource consumption and environmental
degradation [3]. Spatial expansion of Aleppo city has caused spatial changes in social structure.
Migration from villages and small towns surrounding the city of Aleppo, especially in the east and
south of Aleppo city in 1970–2010 due to climate change, comprised mainly of workers, has caused
tremendous changes in the social structure and social polarization in the neighbourhoods [4].

Accessibility is one of the chief factors influencing the frequent use of urban green spaces and
improving the people’s quality of life [5–9]. Generally, we can define accessibility as the “ease with
which a resident can reach a given destination” (p. 181) [10]. To measure accessibility, we refer to
Rigolon (2016) and Rigolon et al. (2018), which demonstrate that accessibility can be measured by the
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three parameters proximity, quantity/acreage and quality of urban green spaces [11,12]. Park proximity
is defined as “a geographic unit’s distance to the closest park, regardless of the park’s size and
amenities”, whereas “park acreage metrics describe the number or size of parks and recreational
facilities within a geographical unit (for example a neighbourhood)” (p. 162) [12]. The parameter
park quality “comprises metrics that depict park amenities, maintenance levels, and crime safety”
(p. 162) [12]. In this paper, we work with the parameters proximity and quantity/acreage to examine
spatial equity of urban green spaces in Aleppo. For the parameter proximity we use the network
analysis and for quantity/acreage we use the facilities under and over coverage analysis as well as
the one-way analysis of variance (ANOVA). The used approaches as systemised by Talen (2003) are
container, coverage and travel cost [10].

Green spaces have a great number of positive impacts on cities and their inhabitants: they
reduce stress, increase positive emotions, restore attention, affect self-regulation, and produce
positive and restorative experiences. They offer space for (psychological) recreation and social
interaction [7,13–15]. By increasing the amount of contact within a neighbourhood, the feeling of
community and attachment to communities is increased [7,13]. Green spaces also have a big impact on
physical health. By encouraging people to be physically more active and offering the space to move,
green spaces substantially increase longevity in addition to enhancing human capacity for the physical
and spiritual restoration of residents of urban areas [13,16–18]. Geographic information system (GIS)
has a potential role in assessing the geographic distribution of green spaces services, in particular
evaluating the effectiveness of public green spaces facility coverage relative to population density.
For instance, average nearest neighbour as a spatial statistical tool has been used to identify clustered,
dispersed, and random distribution of public green spaces facilities [19].

As the above-mentioned benefits are important for urban residents, inequity in access to urban
green spaces is considered an environmental justice issue [18]. As Rigolon et al. state, “access to
high-quality, safe urban green space is an issue of environmental justice because of the benefits that
green space can bring to communities and because of documented socioeconomic and racial-ethnic
disparities in its provision” (p. 2) [11]. In this paper, we use the term equity or fairness of distribution
of urban green spaces rather than equality, as equity takes into account needs, merits and choices of
the population and is therefore the more suitable term for investigating in urban parks [20]. The term
equity is deeply connected with sustainability. Along with the environment and economy, equity forms
the three fundamental aims on which a sustainable development, understood to be green, profitable
and fair, depends [21]. This “planner’s triangle” (p. 296) or “triangle of conflicting goals” (p. 298) forms
the basis of conflicts in the planning of cities and is therefore crucial for this study [21].

A lot of research has been conducted concerning environmental hazards, but in recent decades,
research is aiming more at environmental amenities, especially parks [22]. Environmental justice has
been and sometime still is seen only as distributional justice, however, environmental justice not only
includes distributional, but also social and institutional aspects of inequities [20]. Schlosberg (2004)
defines it as the “equitable geographic distributions of environmental threats and resources as a result
of fair decision-making processes to locate threats and resources” (p. 161) [12,23]. Therefore, different
societal groups (e.g., children) tend to be more or less affected by lacking facilities and thus experience
more or less environmental injustice [22].

There has been a lot of research on the topic of access to public green spaces in cities all over the
world [8,24–29], however, there has been little emphasis on cities in the Near East as well as there
is generally less emphasis on the Global South than the Global North [11]. However, research on
environmental justice in Global South cities has recently increased and it was found that important
additional challenges occur in Global South cities, which tend to increase environmental injustice
(e.g., informal settlements, post-colonialism, larger wealth inequities than in the Global North, pollution
and high rates of population growth) [11]. In Global South cities, inequities according urban green
spaces occur in particular concerning proximity, quantity and quality [11]. Most of the studies done in
Global South cities show that high-socioeconomic status groups are advantaged in park quantity the
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same way as in Global North cities, whereas in park proximity inequities are more widely distributed
than in Global North cities. Studies conducted for park quality show that Global South cities tend
to have more nuances of inequity than Global North cities. Generally, results are more mixed than
in Global North cities, sometimes revealing that some low-socioeconomic status groups enjoy better
access to urban green spaces [11].

After reviewing the analysis methods of previous studies on the topic of green spaces, we found
that there are a lot of indicators to measure the distribution, but also the physical characteristics of green
spaces. To give a short overview of the great number of possible indicators, the most important for
this study are outlined here: starting from basic measurement strategies, de la Barrera states that “the
most widely used indicator to assess green spaces is their total area in respect to the total population”
(p. 212) [8]. However, many researchers criticize this mode of measurement, because it only measures
the relation between the area of green spaces and the number of inhabitants and does not take into
account the spatial distribution of green spaces [28]. Therefore, indicators must be found to measure
the spatial distribution more accurately. The accessibility of green spaces seems to be a useful tool,
to achieve a realistic and reliable picture [5]. This is normally measured through a variety of GIS-based
methodologies, sometimes combined with social surveys, using the above-mentioned parameters [8].
Accessibility to green spaces depends on the spatial distribution within the city (proximity), the number
and size of parks within a neighbourhood (quantity/acreage), the amenities, maintenance and security
situation (quality) as well as the shape of the green space and the connection to streets in different
directions [8,11,12]. Simple distance indicators and proximity indicators are a methodology which is
widely used [5]. Simple distance indicators measure the number of people at fixed distances from each
green space that can have access to each green space [5]. Proximity indicators measure the number
of people at fixed distances from each green space and weight them with their distance from green
spaces [5]. Moreover, we can differentiate between simple buffering methods and network analysis
methods [24,28]. While simple buffering only measures the area in a given distance radius around
each green space, network analysis methods take into account the possible restrictions for pedestrians
e.g., physical barriers to reach the green space [14,28]. Thus, network analysis methods are a better
tool to achieve a more detailed picture [5,28].

The size and shape of green spaces are other indicators which are widely used. These indicators
are important because as the size of a green space increases, the magnitude and diversity of e.g.,
ecosystem service increases [8]. “For cultural services, larger green spaces allow various activities and
thereby facilitate the simultaneous presence of different users” (p. 213), states de la Barrera [8].

The city of Aleppo grew in the 1970s and early 1990s largely through migration from small towns
and rural areas mostly from eastern and north-eastern Syria. Land grabbing or squatting was prevalent
in the 1970s to 1990s. Both privately and public owned land have been squatted. The most obtrusive
impact has been the encroachment on government and municipal land destined for public use such as
public green parks or the construction of service and amenity buildings [30].

The goal of the present paper is to understand, analyse and describe the accessibility of urban
green spaces within the city core of Aleppo using an environmental justice approach by indicating the
pre-war state of the parameters proximity and quantity in relation to the socioeconomic status of the
inhabitants. Therefore, we developed the following research questions:

1. Are urban green spaces in Aleppo distributed dispersed, random or clustered? (Proximity)
2. Which are areas of low and high coverage of urban green spaces? (Quantity/Acreage)
3. How accessible are urban green spaces to inhabitants? (Proximity)
4. How are urban green spaces distributed in relation to the socioeconomic status of the neighbourhoods?

(Quantity/Acreage)

The average nearest neighbour analysis addresses research question 1, facilities over and under
coverage analysis question 2, the network analysis question 3 and the ANOVA test and post-hoc Tukey
test question 4.
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2. Materials and Methods

2.1. Study Area

The study was carried out in the city of Aleppo in the northern area of Syria. It lies between
Longitudes 47◦32′E and 37◦40′E and Latitudes 35◦15′ N and 35◦35′ N. Aleppo is the largest city in
Syria and serves as the capital of the Aleppo Governorate (Figure 1). In the 2004 census by the Central
Bureau of Statistics, the City of Aleppo had a population of 2.18 million [31] and has an estimated
population of 3 million as of 2009 [32]. The city has enjoyed a strong economy as a capital industry
and trade hub, with historic and collaborative commercial relations with neighbouring countries.
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Aleppo City is subdivided into seven sectors each of which includes a number of neighbourhoods.
The city of Aleppo is a unique urban fabric (Figure 1). The neighbourhoods range from traditional-
oriented (ancient city) to conventional modern-design and informal settlements. Forty percent of the
city population live in informal areas, as Aleppo has been the most attractive city for rural migrants
and has grown rapidly during the last decades [3].

Developing a green space strategy is a good opportunity for improving the quality of life in Syrian
cities and provide the inhabitants with appropriate access to public green space as one basic strategy
in a master plan. The old city is made up primarily of residential, commercial, administrative, public,
and historical areas. There is no large public park within the borders of the old city. Approximately 60%
are residential old-style Arabic houses, made up of a courtyard (1/3 of the lot) and one- to two-story
buildings around the courtyard facing inwards. There is little to no opening onto the outside streets in
order to preserve privacy. The courtyard typically has a fountain in the centre and, depending on the
weather, is where family members carry out various daily activities. There are two district parks near
to the border of the old city. To the West is Bab Qinnesrine park, and to the East is Karm al Tahhan park.

2.2. Data and Methods

To define the extent of the study area, the population per neighbourhood based on the census data
of 2008, as well as Macro-scale data about neighbourhoods like boundaries of the neighbourhoods,
green spaces, streets, crosswalks, overpasses, and underpasses, were taken from GIS data provided
by the service for spatial data of Aleppo Governorate Council [33] and Open Street Map and were
imported into ARCGIS 10.2.2. Open Street Map data was used to put a scheme of the city underneath
our data and to compare green space data to green spaces in Open Street Map data. Population data
of 2008 had to be used due to the impossibility of generating current data in civil war conditions.
Regarding the use of Open Street Map data, other studies have already shown that accuracy decreases
from city centers to the periphery [34–36]. Moreover, Open Street Map claims itself that data may
sometimes only be partial [37]. This is especially important for the analysis of green spaces in the
peripheral areas of Aleppo and has been considered accordingly.

The maps of the green areas issued by the Aleppo Municipality were compared with data issued
by OpenStreetMap to ensure that all the type of public parks were identified. However, in some
neighborhoods we had difficulty distinguishing the public and private green areas, so we consulted
with local students. The task of the students was to distinguish if those areas were parks or private
gardens and to take pictures of the gardens for verifiability. This work was done in the neighbourhoods
that were accessible, but about the neighbourhoods that could not be reached, several experts were
asked. Those were people, who have lived in Aleppo and have worked for a long time in the social,
health and environmental field. Information from the students as well as from the experts as used to
adjust the green space data.

According to the data used, it has to be stated that the possibility to measure accessibility to urban
green spaces depends on the quality as well as the source of data. The higher the spatial resolution of
data, the better small urban green spaces are displayed and can be analysed [10]. To avoid bias from
the sources, we checked our data using Google Earth and Google Maps for size, shape and function of
public parks.

We consider urban green spaces a public commodity that is provided without profit to all members
of a society, allows free access to all residents and where people can get together without restrictions.
Due to this, fruit trees have not been considered as comprising green spaces since they are normally
part of the agricultural land rather than the city green space used for recreation. Neither have hedges,
rows of trees, and small traffic squares been considered, because they often represent street greenery,
for example for avenues, which are beautiful to look at, but generally do not represent places where
people get together [25]. Also, green spaces of restricted access such as private gardens, large stadiums,
and institutional gardens, were excluded; considering their supplying of ecosystem services, these
places nonetheless improve the urban quality of life [8,38,39].
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At first, we had to prepare the data, which includes to check and adjust the neighbourhood
boundaries and names, where needed. The next step was to classify the park data according to
the hierarchical park levels shown in Table 1. Afterwards we joined the socioeconomic data to the
polygon shapefile and classified the neighbourhoods according to their socioeconomic status into
low, middle and high socioeconomic status neighbourhoods. Following this step, we conducted the
average nearest neighbour method in order to investigate if the spatial pattern of urban green spaces
in Aleppo is clustered, dispersed or random. We then prepared our park data for conducting the
network analysis. Park buffers were created for each hierarchical level of parks separately using the
network analysis. The specific distances of the hierarchical levels were applied from the edges of park
polygons. After doing so, we computed the percentage of public park facilities in the neighbourhoods
and conducted the one-way ANOVA test and the Tukey post-hoc test to test and verify our results.
We then created graphs for the individual hierarchical levels of the parks and for the socio-economic
characteristics of the neighborhoods.

Table 1. Classification of hierarchical levels of public green spaces.

Parks Description Area (ha) Max. Dist. From Home

Pocket/Residential park
A very small park which serves the
immediately local population. Mostly
scattered throughout the city.

<0.5 <150 m

Neighbourhood park
A small park which serves the
neighbourhood population. Mostly
with playground facilities.

0.5–1 200–500 m

Quarter park

A smaller park that serves more than
one neighbourhood, but not the city as
a whole. Equipped with more
recreational facilities.

1–4 500–1200 m

District park

A mid-sized park which serves the
district as a whole. It provides a range
of facilities, such as sport and recreation
for various groups of people.

4–10 1200–2500 m

City park
A large park which serves as the major
recreation- and sport-facility-provider
within a city and for its suburbs.

>10 >3500 m

Urban forest
A large area within the boundaries of
the city covered by forest serving as
recreational space.

>10 >3500 m

Roadway green (small) Small green space alongside roadways
serving as recreational space. 0.2–5 <750 m

Roadway green (large) Large green space alongside roadways
serving as recreational space. >5 1000–1500 m

The neighbourhoods have a high variation in demographic characteristics such as household
size, working for population, the number of children below 0–6 years, population density, and income
and education levels. Spatial expansion of Aleppo has caused spatial changes in social structure.
Migration from small towns and villages surrounding the city of Aleppo is comprised mainly of
workers and unskilled people. This migration process has led to a growth of informal settlements
in east and north Aleppo, especially after the increase in drought years in the last two decades.
This has caused tremendous changes in social structure giving the neighbourhoods a high variation of
demographic characteristics.

To identify socially segregated areas according to socioeconomic groups (Table 2, Figure 2),
we used the results of the studies by German Agency for Technical Cooperation (GTZ) [4,30] census
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data from 2004 [40], and municipal plans from 2009 and 2012 [41,42]. The data used for the social
classification were education, occupation, household dimension, income [40], building type and
property sizes from a map of the municipality of Aleppo 2012 and a map of informal settlements [4].

Table 2. Population and Socioeconomic characteristics in Aleppo 2008.

Socio-Economic Number of Neighbourhoods Area Population

Classes Number % km2 % Population %
Population

Density
(persons/km2)

High 15 15.2 22.8 28.5 192,899 8.1 8448
Middle 30 30.3 15.2 18.9 425,910 18 28,079

Low 54 54.5 42.1 52.6 1,751,613 73.9 41,605
Sum 99 100 80.1 100 2,370,422 100 29,592
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There are three main factors that social scientists generally use to calculate the socioeconomic
status (education, income and occupation) [43]. There are three main factors that social scientists
generally use to calculate the socioeconomic status (education, income and occupation). The modified
Kuppuswamy scale is generally used to measure socioeconomic status in urban and societies.
The Kuppuswamy scale was developed by Kuppuswamy in 1976 and is based on a composite score
considering the education and occupation of the head of the family along with monthly income of
the family, which results a score of 3–29 [44]. This scale categorizes the study populations into low
(3–10 score), middle (11–24 score), and high (25–29) socioeconomic status.

Using this data, the socioeconomic groups have been broken down into three categories: high,
middle, and low income. Figure 2 shows the classification of social status and indicates that the
northeast, east, and southeast areas of Aleppo are occupied by the lower status social groups, and the
old city and northwest by middle and part of southeast, and west and large area of the centre of city
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are occupied by inhabitants of high social status. The white areas (no data) represent the inner-city
military base and the campus of the University of Aleppo.

2.3. Establishing the Categorization of Urban Parks

To analyse the accessibility of parks, it was first necessary to classify them according to their
size and importance. Varying hierarchical levels and standards for accessibility to urban public green
spaces have been adopted by different city councils in different countries with different terminology.

The first challenge in this study was to determine the standards for public parks in the study
area. An extensive search was carried out in the published literature for Syrian standards; however,
no accessibility standards in terms of the service area or maximum distance by the relevant authorities
were found. In order to understand these specific regional standards in comparison to the international
standards, the study reviewed public parks standards in other countries. For instance, London defines
accessibility in terms of maximum walking distance, US and Iranian systems define accessibility
in terms of service radius, the Korean system defines accessibility in terms of catchment distance,
and the Belgian system conceives of accessibility in terms of maximum distance from home [29].
This is the distance which people are willing to walk or drive for using urban green spaces at different
hierarchical levels.

Distance is often mentioned as the main environmental factor influencing the use of a green space
as the size of the green space, presence of facilities, and possibilities for activities are also considered to
have an influence on the use of an urban green space.

Some of these standards specify travel distance between dwellings and nearest public green space
(accessibility standards), where the allowed travel distance increases in line with the increase of green
space area, however, this criterion differs from one country to another. For example, in the American,
English and Korean system, the distance at the lowest hierarchy of parks is identified as 300–400 m,
300 m and 250 m respectively [26,45]. Handley et al. (2003) used the distances to the nearest public
green space as 300 m to a 2 ha local park or 20 ha within 2 km [46]. Breuste and Rahimi (2015) used
radians 200 m to pocket park and 1200–1500 m to regional parks [47]. However, it has been argued that
a distance of 300–400 m is not a sufficient criterion for children of primary school age due to increased
motorized traffic for the security of their wards [26].

In order to decide on a classification system for Aleppo, experts were asked. Those were people,
who have lived in Aleppo and have worked for a long time in the social, health and environmental
field. It was then decided to use the categorization system of urban parks in Aleppo outlined in Table 2.
Examples of parks on the classified hierarchical levels in Aleppo can be found in Figure 3.
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Figure 3. Photos of Classification of hierarchical levels of public green spaces, pocket park (a),
neighbourhood park (b), quarter park (c), district park (d), city park (e), urban forest (f), roadway green
(large) (g), and roadway green (small) (h) in Aleppo.

2.4. The Average Nearest Neighbour

The average nearest neighbour is a measure of the distances between each point and the closest
point to it. It compares these two expected values for a random sample of points from a complete
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hypothetical random distribution and shows if it is regularly dispersed (probably planned), randomly
dispersed, or clustered. The average nearest neighbour ratio is determined as the observed average
distance divided by the expected average distance. The index (average nearest neighbour ratio) is
thus less than the average for a hypothetical random distribution (less than one). In contrast, if the
average distance is greater than a hypothetical random distribution, the spatial pattern of features is
considered dispersed [48]. The value of the index ranges from 0 (clustered pattern) to 1 (randomly
dispersed pattern) to 2.15 (regularly dispersed /uniform pattern) [49].

(a) The mean nearest neighbour distance

d =

(
N

∑
i=1

di

)
/ N (1)

where N is the number of points, di is the nearest neighbor distance for point i.
(b) The expected value of the nearest neighbour distance in a random pattern

E(d1) = 0.5

√
A
N

+

(
0.0514 +

0.041√
N

)
× B/N (2)

where A is the area and B is the length of the perimeter of the study area.
(c) The variance

Var(d) = 0.070 A/N2 + 0.037 B
√

A/Ns (3)

Equations (2) and (3) contain a correction factor to account for the boundary effect based on
Donnelly [32].

(d) The z- score is a test for statistical significance:

zANN =
DO − DE

SE
(4)

where DO is the observed mean distance between each feature and their neighbour, DE is the expected
mean distance for the features given a random pattern [48] and SE is the standard deviation. It has
to be conducted in order to test if the result of the average nearest neighbour analysis is significant
(significant if, z is <−2.58 or >+2.58). In order to determine the z-score of a sample value, the variance,
standard deviation and mean of the sample need to be calculated. Afterwards, the difference between
the sample and the mean value is calculated and this is divided by the standard deviation.

2.5. Parks Facilities Under and Over Coverage

Relatively under-coverage areas can be classified as neighbourhoods within the lowest quantile
of resource distribution across neighbourhoods, while areas of relative over-supply are defined
as neighbourhoods with a public green spaces density within the highest quantile of all public
green spaces densities across all neighbourhoods. Most significantly, the under- and over-coverage
analysis is a comparative determination of areas characterized by spatial equity or inequity among all
neighbourhoods and should not be considered as resource availability analysis [50,51].

2.6. Network Analysis

Provision of Green spaces coverage is often related to the socioeconomic status of the
neighbourhoods concerned. Different levels of urban green spaces are defined by many planning
authorities as the hierarchy of urban green spaces for social use [29]. Service area is the service
distance of a public facility, which is equivalent to the accessibility to a green space that supplies
service via traffic networks [28]. Accessibility is not easy to quantify, and there is no single best
approach for measuring it. Accessibility refers to an individual′s ability to participate in a particular
activity or set of activities [47]. Thresholds for different levels of urban parks and standards for
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accessibility to urban green spaces have been adopted by different city councils in different countries
using different categories.

Over the past decade however, the network analysis method has been increasingly used to study
the establishment of green space accessibility zones on the basis of different impedance values [36].
Those were given according to route types for instance pedestrian roads, crosswalks, overpasses,
and underpasses [24,28,29,52].

The method of measuring accessibility using “network analysis” was applied to each set of
urban parks. The network analysis method also involved specification of the travel distance allowed
for each type of park [53]. Accessibility analyses were performed using the ArcGIS 10.2.2 network
analyst extension “Service Area Analysis”. It is a powerful extension that provides network-based
spatial analyses including routing, travel directions, closest facility, and service area calculation.
Many numbers of studies choose the network analysis method because it has an advantage over
the covering approach as it reflects the actual travel and includes all the barriers that make routes
inaccessible by social users [52,54,55]. The intersections of the main road and pavement inside the
park are counted as park access points as they are entrances to the public green spaces. These
intersection points will be the facilities to be used in the park service area analysis done with the
network analyst tool.

We analysed the parks’ accessibility along with social group factor using the network analysis method.
The distribution of different social sections in the city was documented according to socio-

demographic criteria, in order to identify green spaces with the highest social heterogeneity, and thus
the highest social integrative potential [25]. Public green-space data is linked with social demographic
data for particular social sections of the society, which are to be integrated in public urban life.

2.7. One-Way ANOVA Test and Post-Hoc Tukey HSD Test

The one-way ANOVA (analysis of variance) test is an interval/ratio test used for situations with
more than two groups in the independent variable. It reveals if there is a significant difference between
the means of (at least) three different groups in relation to the dependent variable [56]. To use the
one-way ANOVA test, there must be only one independent variable (here: socioeconomic status) with
more than two levels (here: high, middle, low) and only one dependent variable (here: percentage
of public park facilities in a neighbourhood). Normality and homogeneity of variance are assumed.
The one-way ANOVA test is an omnibus test statistic, i.e., it only shows if there is a significant
difference between at least two of the groups [56]. The post-hoc test is a pairwise comparison test
method used to receive multiple comparisons between the groups; it points out between which groups
the difference occurred (here: high versus middle, high versus low, middle versus low). The Tukey
HSD (honestly significant difference) test is used if the data met the assumption of homogeneity
of variances.

3. Results and Discussion

3.1. Public Parks Distribution and Spatial Equity

Most cities aim to supply their citizens with public green spaces. Some have successfully
accomplished this objective, others have not achieved it yet, especially in developed countries.
Few cities have been able to devise a system of parks that provide their citizens with the spatial
and social benefits of public green space [41]. The analysis shows that the number and distribution
of parks do not explain accessibility. The public green space per capita in Aleppo is 2.7 m2 while the
standard target, based on urban planning ministry proposals, is 6 to 11 m2 and has not been met.
To assess the accessibility and spatial pattern of distances of public green spaces within the city of
Aleppo, we used ArcGIS 10.5. This analysis yields three values: Nearest Neighbour Ratio, Z-value and
p-value. We found that the public green spaces within the city are spatially clustered.
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Results from the average nearest neighbour analysis showed that the average nearest neighbour
ratio is less than 1 with 0.72 (p < 0.0001). From this result, we can expect that the public green spaces
in Aleppo city exhibits a cluster pattern. The z-score is −16.40 (p < 0.0001). Consequently, the null
hypothesis of no spatial pattern among public green spaces facilities in Aleppo neighbourhoods was
rejected. Due to the large z-score in this study, there was less than 1% likelihood that this clustered
pattern could be the result of random chance (null hypothesis). By using average nearest neighbour
analysis also, it could be determined that the significant spatial autocorrelation of public green spaces
is at an average distance of 133.85 m.

3.2. Facilities Under- and Over- Coverage

The output of the facilities under- and over- coverage analysis (Figure 4) revealed that one-third
of neighbourhoods (32 out of 99) can be classified as areas with no public parks provision and they
account for 33% of all neighbourhoods.
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Figure 4. Percentage of public park facilities in each neighbourhood.

In total, the city of Aleppo counts 101 neighbourhoods, two of which have no socio-economic data
as they are military used land and the University of Aleppo (no data). A total of 32 neighbourhoods
(32.3%) were classified as areas of no supply of urban green spaces. 17 neighbourhoods (17.2%) were
classified as areas of significant under-supply, compared with 16 neighbourhoods (16.2%) meeting
criteria for significant over-supply. A number of 34 public green spaces met the definitions for areas
of multiple under- and over-supply (spatial equity), respectively (34.3%). The geographic location of
neighbourhoods with no coverage and under-coverage of public parks facilities (spatial inequity) can
be recognized in the centre of Aleppo (old city) and east and south-east of Aleppo. The north-central
city and western city is mostly characterized by over-supply (spatial inequity).

3.3. Network Analysis

Accessibility is not only used to measure the service area or the potential of public parks to
adequately provide for the public; it is also used to evaluate whether it is equitable for different
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populations sharing the same degree of closeness to parks in cities [2]. Access to public parks in urban
environments promotes social equity and improves quality of life for surrounding neighbourhoods.
In this context, social equity is related to accessibility to public parks.

We assessed the accessibility of public parks in the study area by employing a network analysis
in GIS. Urban parks have different purposes for their users as well as different land use. Therefore,
the different park categories in various classes were analysed in GIS to assess the accessibility using
network analysis. The distance network analysis was applied as defined in Table 2.

The hierarchy-wise service areas by network analysis (Figures 5a–h and 6) reveal that the
pocket parks are not well distributed in the study area and they have a poor serviceable population.
The minimum coverage is found in areas with neighbourhoods of high population numbers and low
income; in informal settlements in the southeast and east of Aleppo (Figure 5a). Figure 6 illustrates
that 20% of the middle social status population have pocket parks within 150 m, but the accessibility of
low and high social status groups is only 9% and 19%, respectively. It is noted that the neighbourhoods
in the rich areas contain less pocket parks than middle-income neighbourhoods, except in the old
city, due to the planning of buildings in the rich areas such that they are often villas with their own
private gardens. Figure 5a demonstrates that 30% of neighbourhoods with low income are not covered
with pocket parks service. It shows a large deficit of parks where early age children can play in a
safe environment.

Access to pocket parks facilities in Aleppo varied by neighbourhoods boundaries. In general,
the least accessible facilities were found in the marginal neighbourhoods, in particular, the far south,
eastern parts of Aleppo city, and in the centre of old city, especially in neighbourhoods within Hanano,
Al-Haydariyeh, Sheikh Maqsoud, Bani Zayed and Ain al-Tel municipalities (Figure 6). By contrast,
the most accessible neighbourhoods were located in the west of Aleppo with variation in density of
these facilities especially in neighbourhoods within Masharqa, Al-Hamadaniyeh 1, 2, 3 and 4, Feid and
Mohafaza municipalities (Figure 5a).

Low and middle social status groups do not have good accessibility for most of the neighbourhood
parks, which are mostly located in high social status group areas. We observed that in all service areas
only 17% of the population was of low social status groups. 30% of neighbourhood area zones are not
covered with public park service (Figures 5b and 6). In contrast, high social status groups have good
accessibility and approx. 30% of their population is served.

In quarter park and district parks assessment, all social status groups have good accessibility.
Therefore, regional parks are most accessible for most social status levels compared to other park
categories (Figures 5c,d and 6).

City parks again illustrate a difference in accessibility by social status groups. Only 51% of
high social status groups have accessibility, meanwhile, 80% of low- and middle social status groups
profit from city parks (Figures 5e and 6). The rapid growth has affected the urban form of the city
over the past decades. This has encouraged the government to start improving the environment in
informal neighbourhoods through the distribution of electricity and water and the establishment
of parks, but due to very high building density there is lack of open space within most informal
neighbourhoods in eastern Aleppo. They have established only district parks and city parks on
the outskirts of the neighbourhoods, which later became part of the neighbourhoods due to urban
expansion (e.g., Alsahour, Tarkbin Zaid and Alsharfia). Thus, all potential environmental assets can
be transformed to serve the key objective of increasing the beneficial use of environmental resources,
including green services and open spaces.
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Figure 6. Categories of public urban green spaces (Roadway green (large), Roadway Green (small),
Urban Forest, City Park, District Park, Quarter Park, Neighbourhood Park, Pocket) and percent of
social status profits by different categories of public urban green spaces.

3.4. One-Way ANOVA Test and Post-Hoc Tukey HSD Test

There is a statistically significant difference between the three socioeconomic groups (high, middle
and low income) as the one-way ANOVA (F (3.97) = 4.340, p = 0.006) pointed out. The post-hoc HSD
Tukey test showed that there is a significant difference between high- and low-income neighbourhoods
in their percentage of public park facilities. The test revealed that the percentage is significantly higher
in high-income neighbourhoods (10.4 ± 10.5%, p = 0.010) compared to low-income neighbourhoods
(3.1 ± 5.1%). According to the post-hoc test, there was no significant difference between high-
and middle-income neighbourhoods (p = 0.534) as well as between middle- and low-income
neighbourhoods (p = 0.075).

The government has also worked to establish roadway parks, which are located along the main
roads in the city, especially in western Aleppo and in some areas in the east (Figure 5g,h) and Figure 6.
The residents spend their leisure time in the afternoon and weekend there, but these gardens are not
suitable for children to play because they are narrow and adjacent to the vast and fast roads in the city,
posing a danger to children’s lives.

In summary, despite much accessible green space in Aleppo it is not evenly distributed. A number
of statements about the provision of green space in Aleppo can be made:
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• Most of the population (85%) lack access to pocket parks within 150 m.
• 60%–80% of residents lack access to neighbourhoods parks within 1000 m.
• Most people have access to the quarter parks, district parks and city parks within 3500 m.
• Low-income groups have significantly less access to most public city parks than high-income

groups, except in the category of city parks.

Due to historical patterns of urban development, urban growth has been speeded up in high
population density cities [9]. Unplanned and informal settlements have resulted in enlarged social and
spatial inequality, resource consumption and environmental degradation [25]. This paper aimed to look
at a certain part of urban infrastructure: recreational areas, such as parks, gardens, and playgrounds.
These are especially important for human psychological wellbeing, as outlined previously. In a
functioning city, they work as recreational space and places for physical activity. In destroyed
Aleppo, green spaces can be especially useful to re-establish brick by brick a normality of living
of the inhabitants. Green spaces can play an important role in the building up of a new social
infrastructure within the neighbourhoods, can help the inhabitants to psychologically recover from
the horror and pain of the civil war, and enhance their hope for a better future by supporting positive
feelings. Especially for children it is important to provide spaces to play and to develop, which are
not destroyed. Thinking in larger time frames, green spaces can also help to develop a sustainable
city structure in the future and to remove the wartime-image from the face of the city within the
coming decades.

Although the government has established gardens in the informal settlements and on the outskirts
of the old city, these gardens are not enough and lack a number of services. In particular, informal
settlements and old Aleppo need small gardens (pocket parks and neighbourhood parks) for children.
However, Aleppo’s green spaces were increasingly affected by the bombing, uncontrolled clear cutting
and rampant stealing for heating fuel and other forest products (Figure 7). From 2012 until now,
many of Aleppo’s public parks and forests have been decimated and several of the city’s parks,
playgrounds, and sports fields had been unceremoniously converted into cemeteries, rubble fields,
camps or military base installations [57]. Comparing our research results to damage assessment
maps of the city core of Aleppo, it is striking to see that especially urban green spaces in eastern,
southeastern and northern parts of Aleppo were heavily affected by destruction caused by the civil war
(Figures 7 and 8). In contrast, parks in the western parts of the city were left relatively untouched by
the destruction. Moreover, the hierarchical levels of roadway green (small) and roadway green (large)
were left relatively untouched, as they mainly lie in the western parts of the city. Like Aleppo’s built
environment, it will take years for the city’s green space to recover from the ravages of war. As some
areas already lacked urban green spaces especially of lower hierarchical levels before the war, it is
therefore important that the reconstruction plans in the city of Aleppo include the construction of small
gardens in eastern Aleppo and old Aleppo, which will contribute to improving life and promoting
reconciliation. However, already today a number of civil and governmental initiatives (Husat Halab,
Aleppo more beautiful) have been launched in order to help the public utilities to clean up the streets
and rebuild areas and parks of the city damaged by war [58,59] (Figure 9).
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Figure 9. (a–d) Aleppo residents started action to clean public parks after the war.

It seems thus inevitable necessary to set up a plan to structure the whole city anew.
While reconstructing the city, a lot of actors will be participating in the formation of new city concepts
and attention will be given too many different emphases.

Optimum service areas should include area size, amenities of the public green spaces,
transportation, focal points and population density, along with the appropriate data and destinations,
in addition to the use of network analysis. This will lead to the increased accessibility of parks, not only
for existing public green spaces but also for suggested urban green areas [3].

4. Conclusions

This study fills part of the significant gap in the urban planning literature in Syria, especially
in relation to local and urban planning: we have presented a method for quantifying the size and
accessibility of green space access using a GIS network analysis and census data to quantify access
for different socioeconomic groups in order to point out the environmental justice issue of inequity
to urban green spaces. The analysis explored in greater depth the results for public green parks.
For example, in this study, the hierarchy-wise analysis reveals a strong deficit of urban green spaces
at lower hierarchies. Pocket parks and neighborhood parks, which only served a very small fraction
of population (9%–19% at pocket parks level and 14%–30% at neighbourhood level), showed the
most variation and inequitable access amongst different socioeconomic groups. This correlates with
results of environmental justice research in cities of the Global South. As income-differences between
socioeconomic groups generally differ more widely in cities of the Global South than in cities of
the Global North, access to urban green spaces becomes a crucial part of creating social equity,
and therefore, sustainability within the city.

Although this research is based on pre-war datasets due to lack of recent data, it can serve as a
basis for policy makers and decision makers in the reconstruction process in Aleppo. We analysed the
spatial distribution of urban green spaces and also showed how some of those have been affected by
the war. In-depth studies of each public park in post-war Aleppo are necessary to develop specific
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strategies for their reconstruction, however, our study may function as a foundational analysis of areas
of under-supply. It can moreover emphasize the need to develop a strategy on urban green spaces for
the whole city by pointing out the inequity in access to public parks before the war.

This work should stimulate the urban planning research community to consider GIS-based
network analyses. For example, one consequence of this analysis on local decision-making or the
evaluation of new development proposals is that planners must focus on optimizing the distribution
of public green spaces and move towards a liveable and healthy city environment. Our opinion is
that an equitable distribution of parks among different income cohorts of a city’s population is a good
measure of spatial equity and that cities can improve quality of life for their citizens by prioritizing
access to open space regardless of neighbourhood income. Environmental justice for the inhabitants of
Aleppo city can only be obtained, if measures are taken to create equity among their access to urban
green spaces.

The results of our spatial equity analysis, the network analysis and our recommendations for
implementation of pocket parks and neighbourhood parks in the context of Aleppo can serve as a
template for cities in Syria with a widening gap between high- and low-income levels. Developing a
green space strategy is a necessary opportunity for improving the quality of life in Syrian cities. Spatial
equity is an indicator of the sustainable provision of good public recreational space to all citizens,
and it would give families living in low-income neighbourhoods a greater sense of security. Therefore,
in post-war Aleppo, green spaces can play an important role in constructing new social infrastructure
within neighbourhoods while also helping inhabitants to psychologically recover from the horror and
pain of the civil war.
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