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Abstract: In Erbil, the capital city of the Kurdistan Region of Iraq, rapid urban growth has led to many
sustainability challenges and has prompted shifts in neighborhood planning over time. This research
examines the aspects of connectivity and mixed land use within five neighborhoods constructed
during different periods. Given the limited research on this topic in regard to Erbil, the objective of this
research is to bridge this gap by evaluating the performance of these two aspects of sustainable urban
design in neighborhoods with different urban characteristics. The research methodology employed in
this study integrates both qualitative and quantitative approaches to attain comprehensive insights.
This approach encompasses surveys to assess residents’ satisfaction, measures the entropy index,
and utilizes space syntax analysis to examine street networks. The findings of this study reveal that
non-gated neighborhoods exhibit a higher level of connectivity and mixed land use, indicating the
need for more substantial interventions in improving gated neighborhoods. Additionally, it shows
that older neighborhoods with short and irregular streets demonstrate a higher level of connectivity.
The implications of these findings extend beyond academia, bearing substantial significance for
municipalities and policymakers involved in city development planning. In other words, it shows
that the oldest neighborhood was the most compatible with indicators and principles of mixed land
use and connectivity. However, gated neighborhoods, despite the good quality of the infrastructure,
fall short of meeting the principles of sustainable neighborhoods.
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1. Introduction

Sustainable development research has become increasingly focused on environmental
conservation and resource management [1–4], with less attention paid to the effects of ur-
banization trends. This is especially true for developing countries, where these phenomena
occur and have widespread impacts on ecological and natural resources [5]. Increasingly,
studies from developing countries have shown how sustainable development has failed to
create an optimal harmony between the environment, economy, and society [6,7].

The sustainable urban form approach has been proposed as a potential solution for
achieving physical sustainability in cities in developing countries [8–10]. Meanwhile, there
is no consensus among the researchers on how to overcome these issues due to the lack of a
clear perspective and a lack of specific approaches for achieving a sustainable urban form in
the city. UN-Habitat defines sustainable urbanism as a type of development, urban manage-
ment, and lifestyle that promotes the effective use of land, the preservation of the natural
environment, and a high quality of life [11]. Over the past century, Erbil has undergone
significant urban transformation due to the ongoing expansion of its urban areas. The city’s
urban form has evolved considerably. In its early stages, its neighborhoods were marked
by a mixture of irregular and grid-like street patterns, along with traditional architectural
styles. As time passed, particularly around the mid-century mark, wide, grid-patterned
streets and contemporary house designs became prevalent. The current population of
Erbil is 846,000 residents [12]. In addition, 215,000 (IDPs, Internally Displaced Persons)
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sought safety in Erbil from Baghdad and other Iraqi cities after the war of 2003 and its
consequences [13] (Tables 1 and 2). The oil revenue also strengthened the region’s economy
and resulted in a construction boom. Despite the relative stability in Iraq, nonetheless, the
current sense of safety in the city has been vital for Iraqi and foreign investors to invest in
Erbil. All these factors collectively are speeding up the expansion of the city. This rapid
growth of the urban area has raised concerns about sustainability issues regarding the
new built neighborhoods in Erbil. More recently, driven by a rising need for housing [14],
the government took steps to encourage private investment in the housing sector. The
issuance of Investment Law No. 4 of 2006 facilitated the process of obtaining permission for
housing projects by skipping the municipalities’ regulations. According to this law, the only
body responsible for giving permission is the Board of Investment, which gives private
companies the choice of planning the neighborhoods, including the zoning plan and street
networks. This shift in legislation led to the emergence of gated communities in the city.
Few studies are available concerning the expansion of the city and sustainability issues [15].
However, the focus of the studies is urban form transformation and identity [16,17], with
little attention paid to the role of connectivity and mixed land use. Since these aspects in
Erbil—a city in a developing country—have scarcely been covered in previous studies,
this research attempts to fill this gap in knowledge. The main question of the research is:
How do neighborhoods with different urban characteristics and built in different periods
respond to mixed land use and connectivity aspects of sustainable urban forms? In this
research, five different neighborhoods were chosen as case studies according to various
criteria, such as their location in the city, gated or non-gated, time of construction of the
street patterns, area, and population density. To measure the land-use mixture of these
neighborhoods, the entropy index was used, and for the connectivity and walkability of
the streets, space syntax analysis was performed. In addition, an on-site survey was carried
out to measure the residents’ satisfaction with a set of indicators proposed based on the
literature. Finally, the residents’ satisfaction was compared with the results of the entropy
index, space syntax analysis, and the UN-Habitat criteria for sustainable neighborhoods.
This study focuses on evaluating the chosen neighborhoods in Erbil based on the aspects of
mixed land use and connectivity. These aspects have been extensively highlighted in the
literature for their positive impacts in achieving a sustainable urban layout. The primary
objective is to understand the performance of neighborhoods from various time periods
concerning these two factors. Furthermore, this research aims to shed light on the differ-
ences between gated and non-gated neighborhoods in relation to these aspects. The present
study is significant because it addresses the issues of connectivity and mixed land use in
gated neighborhoods by comparing them to the earlier built non-gated neighborhoods
of the city. The findings of this research show that gated neighborhoods are in need of
substantial intervention to improve the performance of mixed land use and connectivity.
The intervention includes changes in their physical infrastructure as well as legislation
amendments. The findings will help the local municipalities by focusing on the indicators
that need improvements in order to achieve sustainable neighborhoods.

Table 1. Erbil city population from 1950 to 2020 and the number of IDPs (source: [12,13]).

Year 1950 1960 1970 1980 1990 2000 2010 2020

Population 30,000 53,000 130,000 279,000 536,000 706,000 735,000 846,000

IDPs n/a n/a n/a n/a n/a n/a - 215,000
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Table 2. Urbanization index, changes in urban and rural populations in Iraq (source of data: [12]).

Year Total
Population

Urban
Population

Rural
Population

Urbanization
Index (%)

1950 5,719,192 2,008,691 3,710,501 35.1

1960 7,289,761 3,127,214 4,162,547 42.9

1970 9,917,983 5,569,369 4,348,614 56.2

1980 13,653,356 8,945,864 4,707,492 65.5

1990 17,469,005 12,176,901 5,292,104 69.7

2000 23,565,413 16,141,452 7,423,961 68.5

2010 30,762,701 21,258,071 9,504,630 69.1

2020 41,502,885 29,422,695 12,080,190 70.9

2. Literature Review

In the context of advancing perspectives on urban sustainability, numerous authors
have emphasized the importance and role of the urban form as a pivotal component [18–20].
Elkin argues that a sustainable city must possess a form and scale conducive to walking
and cycling in order to foster social interaction [21]. Other researchers like Song [22] have
proposed accessibility to commercial areas and public parks, as well as a mixed land-use
approach, as primary factors influencing the sustainability of the urban form. Meanwhile,
Frey places emphasis on features such as mixed-use spaces, social diversity, and access
to services and open areas as vital indicators of a sustainable city [23]. Talen utilized a
combination of spatial indicators, including enclosure, open spaces, appropriateness, public
areas, proximity, mixed uses, centers, and edges, to assess the quality of the urban form [24].
To achieve a sustainable urban form, Williams concluded that a variety of forms exist that
are characterized by a blend of uses, interconnected street layouts, and environmental
control [25]. Ewing focused on factors such as land-use diversity, residential density, and
street network accessibility [26]. The national swing of the population from rural to urban
in the USA in 1920 has played a significant role in the necessity of zoning regulations [27].
In order to address these issues, modern urbanism has pushed us towards the fundamental
principle of mixed land use [28]. Through the provision of a variety of functions, including
residential, commercial, cultural, and industrial, mixed land use plays a significant role
in sustainable development [29]. Dense and mixed-use urban neighborhoods, according
to Jacobs, are more economically viable, socially secure, culturally interesting, and safer
than mono-functional residence suburbs [30]. Retail, commercial, and shared activities
must all be conveniently located to meet the needs of the local populace [31]. It has
been found that a variety of uses near a place of employment can lessen the need for
employees to commute [32]. The goal of establishing sustainable urban form is to reduce
the need for travel, and mixed land use plays a significant part in accomplishing this
goal [33,34]. Mixed land-use development is also impacted by societal issues. Public space
utilization is more prevalent among the residents of mixed-use neighborhoods [35]. In a
community with a mixture of land uses, there is great community cohesion, interaction,
and sense of belonging [36]. Walking is supported for a variety of activities, as well as for
leisure purposes, through a finely tuned combination of desirable destinations and good
landscape features [37]. Moreover, the correlation between mixed land use and the three
pillars of sustainability was defined by Grant: “Mixing uses forms part of a strategy of
sustainable development as well as a theory of good urban form, with the objectives of
economic vitality, social equity and environmental quality” [38]. Mixed land use reduces
the need for car travel and boosts the number of people who choose to travel by foot
or bike [39]. There is a sense of safety allowing children to play or ride bikes and the
elderly to meet and talk [40]. Numerous studies indicate that higher population densities,
mixed land uses, and pedestrian-friendly surroundings are all related to decreased car
travel [41,42]. For a healthy urban form, communities should encourage mixed usage
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and avoid zoning [43]. In addition, urban connectivity, which describes the connections
between urban blocks within a district and between districts, also increases community
involvement and fosters long-term neighborhood cohesion [44]. It also promotes the
concept of sustainable communities [45].

The development of neighborhood hubs that host a variety of amenities in support of
a high quality of life is essential [46]. In the built environment, the ability to walk provides
the most significant contribution to the vitality of a community; the higher the percentage
of pedestrians, the more vital the community will be, improving social interaction [47].
Walkability is an indicator of the quality of the built environment, and it is positively
associated with increased physical activity and improved public health [48]. Lastly, the
previous literature has revealed a number of relevant indicators connected to mixed land
use and connectivity. These indicators are used in the resident satisfaction questionnaire
for the selected neighborhoods (Table 3).

Table 3. Mixed land use and connectivity indicators.

Aspect of Sustainable
Urban Form Indicators Question: How Satisfied Are You with the

Following Features in Your Neighborhood?

Mixed Land Use

IND 1-1: Mixed Economic Activities Variety of shops and retailers

IND 1-2: Mixed Land Use Variety of educational institutions, administrative
offices, health centers and recreational facilities.

IND 1-3: Nearby Jobs Distance of your workplace from your home

IND 1-4: Mixed Building Types Availability of different building types (high-rise,
single family and multi-family buildings

Connectivity

IND 2-1: Connection with the Surroundings Connections to surrounding neighborhoods via
pedestrian-friendly sidewalks and/or direct routes

IND 2-2: Size of Blocks Walkability within the blocks

IND 2-3: Sidewalk Efficiency Efficiency and width of the sidewalks

IND 2-4: Streets length and Pattern Length and pattern of the streets in terms of
their walkability

3. Materials and Methods

The research adopted the mixed-method approach of qualitative and quantitative
methods (Figure 1). The qualitative approach was used to explore, describe, and in-
terpret the results via a combination of literature review, site visits, and observations.
Nevertheless, different tools were used during the analysis of quantitative data, such as
IBM_SPSS_Statistics_25.0x64, to assess residents’ satisfaction in each neighborhood. In
addition, depthmapX-0.8.0 software was used for space syntax and street network analysis,
as well as MS Excel 2019. Moreover, the entropy index equation was used for measuring
the mixed land use of different neighborhoods. Lastly, the results were compared with
each other and with the UN-Habitat criteria of sustainable neighborhoods. Using different
tools was crucial to examine the mixed land use and connectivity of the selected neigh-
borhoods, as space syntax analytical techniques only investigate layouts seen in plans.
Therefore, the designed method helps us to gain deeper insight into the elements that need
improvement in each neighborhood and the level of intervention required to achieve the
sustainability goals.
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Figure 1. The framework of the methodology.

3.1. Data Collection

Different data sources were used in this study to both ensure its validity and gain a
better understanding of the subject matter. The data collected and used in this research in-
cluded primary data, such as those obtained from the questionnaire on resident satisfaction.
The questionnaire included simple written questions to ensure that even individuals with
limited literacy could comprehend and respond. The survey took place In December 2022;
the forms were personally distributed among the residents of the studied neighborhood;
and 160 valid responses were collected out of 220. In addition, secondary sources were
used, including the literature, satellite images, maps, and zoning plans of the city of Erbil
(Figure 2). These data were mostly used to obtain and synthesize the findings into a textual
narrative. Five neighborhoods in the city were chosen according to various criteria. The
neighborhoods differed in their location from the center, density, area, street network, and
housing typology (Figures 3–5). Additionally, they evolved under different socio-economic
conditions and thus represent different periods of growth of the city (Tables 4 and 5).
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Table 4. Criteria of the chosen case studies. (Source: data from Kurdistan Region Statistics Office).

Neighborhoods Construction
Year Area (ha) Density (P/ha) Housing

Typology Street Networks Location

Mustawfi 1926–1940 38.50 172 Open courtyard,
terraced Irregular grid streets North

Mufti 1966–1975 111.20 129 Terraced Wide and regular
grid streets Southeast

Kani 1965–1986 69.86 368 Terraced Wide and regular
grid streets Northeast

Italian Village 2010 38.10 87 Terraced,
semi-detached

Cul-de-sac and end loop,
wide regular streets. West

Park View 2016 5.10 931 Flats (high-rise) n/a Northwest

Table 5. Land-use area of the neighborhoods. (Source: Erbil Municipality).

Neighborhoods Residential Commercial Public Service Parks Streets Other Total Area (ha)

Mustawfi 15 9 2.67 0.68 10.1 1.05 38.5

Mufti 62.4 10.43 4.5 4.43 26.13 3.31 111.2

Kani 32 5.97 11.32 4.12 16.45 0 69.86

Italian Village 18.3 0.77 1.26 1.56 7.9 8.31 38.1

Park View 1.38 1.76 0.2 0.67 0.49 0.6 5.1

3.2. Data Analysis

This step mainly involved measurements, calculations of the data, and a comparative
analysis of the results and the findings to derive dependable conclusions. The following
tools and software were utilized in this research to analyze the collected data.

3.2.1. Measuring the Connectivity of Streets (Space Syntax)

Space syntax analysis (DepthmapX-0.8.0.) software was used to spatially analyze
the integration and the street connectivity of the chosen neighborhoods. The association
between walking behavior and the neighborhood built environment has received great
attention in the literature. The static local metric called “street connectivity” describes the
number of connections that each street has to its immediate neighbors. Increased street
connectivity on the neighborhood level is of great importance for sustainable environ-
ments [50]. Good street connectivity encompasses many short links and intersections, with
limited or no cul-de-sacs [51]. It relates to the number of intersections in a segment and
stresses how an area is connected to the system [52]. The impact of block street designs
on walking has been studied using the space syntax technique in a number of studies [53]
focusing on the effects of walkability on physical activity [54]. These researchers came to the
conclusion that neighborhoods with better street connectivity and more direct connections
to neighboring areas are more walkable.

3.2.2. Measuring Land-Use Mix (Entropy Index)

The entropy index is used to measure the land-use mix by quantifying the balance of
types (zones) within the same geography (neighborhood). In this research, this index is
used to measure the homogeneity of the residential, commercial and public service area of
the selected neighborhoods. The land-use mix refers to the combination and segregation of
different types of land uses, serving as a measure of how homogeneous land use is within a
specific geographical area. As a result, the entropy index has gained substantial acceptance
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as a suitable metric for illustrating the diversity of land-use patterns, as indicated in various
studies [32,55–57]. Cervero, in particular, derived the entropy equation as follows:

EntropyIndex = (−1)× ∑
j

Pj × ln(Pj)
ln(J)

where Pj is the proportion of developed land of the Jth land-use type. The entropy index
has a value between 0 and 1, with 0 indicating homogeneous land use and 1 indicating an
even distribution of all land-use types over the tract of land. In this research, the existing
land-use distribution for each neighborhood was calculated on a map based on a site visit
and the available data from the municipality of Erbil. The entropy index was computed for
residential, commercial and public service land-use types with the following equation:

EntropyIndex = (−1)×

[(
a1
t

)
× ln

(
a1
t

)
+
( a2

t
)
× ln

( a2
t
)
+
( a3

t
)
× ln

( a3
t
)]

ln(n)

where t is the total area in square meters for three land uses; a1, a2 and a3 are the residential,
commercial, and civic land-use areas, respectively; and n is 3 (total number of land uses
calculated).

3.2.3. Measuring Residents’ Satisfaction

The data collected from the questionnaire were analyzed by utilizing IBM SPSS Statis-
tics 25 software to compare means and to calculate the standard deviation of the selected
neighborhoods. The goal of this analysis is to determine if there are statistical differences
in the mean value of the indicators between the neighborhoods. The indicators identified
in the literature review were used in the questionnaire for the selected neighborhoods
to measure the residents’ satisfaction with each indicator. The survey was distributed
randomly among the residents to assure the reliability and validity of the data collected.
In the survey, respondents were asked to select a response on a five-point Likert scale
(1–5) ranging from “very satisfied” (5) to “very dissatisfied” (1), in order to determine
their degree of satisfaction (scoring range of Likert scale, 1–1.8: very dissatisfied, 1.81–2.6:
dissatisfied, 2.61–3.4: neutral, 3.41–4.2: satisfied, 4.21–5: very satisfied [58].

3.2.4. UN-Habitat’s Criteria for Street Network and Mixed Land Use

UN-Habitat (United Nations Human Settlements Programme), in its attempt to ad-
dress contemporary urbanization challenges such as population growth, urban sprawl,
pollution, and urban mobility, has proposed an approach to attain sustainable neighbor-
hoods [28]. This approach encompasses criteria for an efficient street network to provide
sufficient space for walking and cycling, as well as access to amenities. To achieve this
objective, it is recommended that a minimum of 30% of the land should be allocated to street
networks, with a minimum of 18 km of street length per 1 km2. Furthermore, concerning
mixed land use, the proposal suggests that the floor area distribution for a sustainable
neighborhood should be as follows: (40–60%) for economic use, (30–50%) for residential
use, and (10%) for public services.

4. Results
4.1. Space Syntax Analysis

The street connectivity of the selected neighborhoods was computed by utilizing the
space syntax technique with depthmapX-0.8.0 software. The attribute summary (Table 6)
provides the average value for the following measures: a—connectivity (A street with
many connections to its side streets has a high connectivity value, whereas a street with
few connections has a low connectivity value [59]). b—integration (a normalized measure
of the distance from a given space to all others in a system, which is used to calculate
how close the original space is to all other spaces and can be seen as a measure of relative
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asymmetry). c—choice (measures how likely one is to pass through a street segment on
all the shortest routes from one space to all other spaces in the entire system or within a
predetermined distance from each segment [60]). d—node count (measures the number of
lines encountered on the route from the selected line to all others). A spectral color legend
is used to show the streets’ connectedness, with red indicating the highest values and blue
indicating the lowest (Figures 6–8). The blue axial lines along the boundary walls on the
maps indicate lower connectivity with the surrounding neighborhoods.
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Table 6. Space syntax analysis: attribute summary.

Italian Village
(Streets)

Italian Village
(Walkways) Mufti Mustawfi Park View Kani

Connectivity 3.52239 4.23377 4.78838 5.54783 4.13636 4.58065

Choice R3 30.4478 40.8312 125.884 79.0435 27.5 99.0065

Integration [HH] R3 1.58683 1.8086 2.22284 2.1743 1.82438 2.11584

Node Count R3 23.4478 30.9481 79.2573 54.9304 23.5909 63.5677

The axial line analysis and the street connectivity values in the attribute summary
demonstrate that the Mustawfi neighborhood, with irregular grid streets, has the highest
street connectivity of 5.54783, while the gated Italian Village, with cul-de-sac streets, has
the lowest connectivity and integration with results of 4.23377 and 1.8086, respectively
(since the Italian Village has cul-de-sac streets, it was computed twice for street connectivity
and walkway connectivity). In addition, both gated neighborhoods, the Italian Village and
Park View have the lowest choice and node count values. The comparisons between the
gated and non-gated neighborhoods show clear differences between these two types. The
neighborhoods founded earlier (non-gated neighborhoods) demonstrate higher values of
connectivity and, consequently, better walkability. The Italian Village, despite having wider
streets and walkways, has limited integration and connectivity due to its cul-de-sacs and
end-point streets.

4.2. Entropy Index

The results of the homogeneity measure show that the entropy index for mixed
use is significantly higher in Mustawfi, at 0.84. Mustawfi is the oldest among all the
neighborhoods. Kani and Mufti neighborhoods, both constructed during the middle of
the last century, exhibit contrasting entropy values. Kani has an index of 0.80, which is
much higher than Mufti’s 0.55. This difference is attributed to the greater availability of
public service areas in Kani (Table 7). Park View, a high-rise gated neighborhood, also
boasts a high index of 0.79. This is primarily due to the extensive commercial areas on the
first and second floors of the apartments. The Italian Village neighborhood, characterized
by terraced and semi-attached houses and developed by the private sector, records the
lowest measured entropy index of 0.36. Such projects typically operate without municipal
oversight or regulatory compliance, resulting in a lack of homogeneity in land-use types
and insufficient public services.
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Table 7. The entropy index of the selected neighborhoods.

Neighborhoods Residential Area
(ha)

Commercial Area
(ha)

Public Service Area
(ha) Built-Up Ratio Entropy Index

Mustawfi 15 9 2.67 69% 0.84

Mufti 62.4 10.43 4.5 70% 0.55

Kani 32 5.97 11.32 71% 0.80

Italian Village 18.3 0.77 1.26 53% 0.36

Park View 1.38 1.76 0.2 65% 0.79

4.3. Residents’ Satisfaction

The results of the analyzed data obtained from the questionnaire showed the residents’
dissatisfaction with both gated neighborhoods; the very dissatisfied responses reached
peaks of around 52% and 33% for Park View and the Italian Village, respectively, for the
indicators of mixed land use (Figure 9, Table 8). Meanwhile, the non-gated neighborhood
showed similar responses, with the majority being satisfied. Concerning the connectivity of
the neighborhoods, most residents’ valuation was positive or neutral, except for Park View,
for which the valuations were 30% dissatisfied and 23% very dissatisfied, respectively.
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Table 8. The mean value of the indicators.

Neighborhoods IND1_1 IND1_2 IND1_3 IND1_4 IND2_1 IND2_2 IND2_3 IND2_4

Availability
of Shops

Mixed
Land Use

Nearby
Jobs

Mixed Building
Types

Connection with
Surrounding

Size of
Blocks

Sidewalk
Efficiency

Streets
Length

Park View

Mean 2.06 1.42 2.18 1.42 1.88 2.64 2.52 3.09

No. of responses 33 33 33 33 33 33 33 33

Std. deviation 1.088 0.663 1.185 0.792 0.820 1.270 1.093 1.259

Italian Village

Mean 2.30 2.00 2.27 2.08 2.24 3.35 3.78 3.41

No. of responses 37 37 37 37 37 37 37 37

Std. deviation 1.199 0.882 1.146 1.256 1.140 1.184 1.109 1.212

Kani

Mean 4.04 3.36 3.32 3.25 3.57 3.11 2.39 3.43

No. of responses 28 28 28 28 28 28 28 28

Std. deviation 1.105 1.283 1.156 1.206 1.230 1.315 1.166 1.034

Mustawfi

Mean 4.28 3.44 3.31 3.50 4.03 3.38 1.50 3.44

No. of responses 32 32 32 32 32 32 32 32

Std. deviation 0.813 1.014 1.306 1.078 0.740 1.264 0.622 1.105

Mufti

Mean 3.93 3.40 3.07 3.03 3.33 3.50 3.27 3.23

No. of responses 30 30 30 30 30 30 30 30

Std. deviation 0.907 1.003 1.202 1.245 1.061 1.137 1.015 1.278

Total

Mean 3.26 2.67 2.79 2.61 2.96 3.19 2.73 3.32

No. of responses 160 160 160 160 160 160 160 160

Std. deviation 1.402 1.287 1.289 1.364 1.298 1.256 1.288 1.178

5. Discussion and Comparison

Nowadays, urban planning is increasingly focused on walkability, partly in response
to public demand and in an effort to achieve sustainable urban development [44]. Conse-
quently, the urban planning literature extensively debates the urban form aspects of mixed
land use and connectivity due to their positive contributions to promoting sustainability.
However, creating an inclusive land-use plan for a specific region presents considerable
challenges. Therefore, each country must tailor its sustainable development strategy to
address its unique issues and limitations. In this study, measurements and results obtained
through various tools are compared. The comparison reveals that none of the five stud-
ied neighborhoods meet the criteria for mixed land use recommended by UN-Habitat.
Nonetheless, three of them demonstrate a high degree of resident satisfaction with mixed
land use. The interpretation of this finding suggests that criteria effective in developed
countries may not necessarily suit cities in developing countries. Therefore, these criteria
should be customized to fit the context of the city, taking into consideration the culture and
social behavior of each society.

In this study, the results of the residents’ responses to connectivity in the Italian Village,
despite it being a gated neighborhood, are positive. This can be attributed to the wide
streets and the good condition of the walkways, which ensure walkability (Figure 10). For
Park View, the mixed use and connectivity mean values are below the total average of the
means for all the neighborhoods. Thus, it is necessary to create more stores and different
economic activities in the gated neighborhoods. Since high-rise buildings can accommodate
a higher number of housing units across multiple floors, a mixture of high-rise and low-
rise residential buildings could be an effective strategy to overcome this issue, especially
in gated neighborhoods. Accordingly, authorities can take advantage of the additional
available area to increase greening, which will also help to ensure the walkability of the
neighborhood. Furthermore, a comparison between the mean values of the gated and
non-gated neighborhood indicators showed a higher degree of satisfaction in non-gated
neighborhoods (Figure 11).
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Concerning UN-Habitat’s recommendations, the neighborhood of Mustawfi requires
slight intervention and changes to meet the recommended criteria for economic use and
public use areas. The residential area in Mustawfi is slightly above the recommended range,
at 53% (Table 9). This neighborhood has a sufficient street length, although the area of the
streets falls slightly below the required amount, at 26%; however, in this measure, it is the
highest among all the neighborhoods. Meanwhile, in Mufti and Kani, there is inadequate
area for economic use, and Mufti also lacks a public service area.

Despite having limited public service and economic use areas, as well as a low entropy
index, residents in the Mufti neighborhood expressed acceptable satisfaction with their
neighborhood’s mixed land use and access to daily amenities due to its good connectivity,
as demonstrated in the space syntax analysis. Similarly, in Kani, the restricted economic
use area did not significantly affect residents’ satisfaction. Concerning mixed land use,
the Italian Village and Park View (both are gated neighborhoods) lack adequate public
service areas based on the recommendations of UN-Habitat. Though all the neighborhoods
fail to meet the economic use area requirements, the Italian Village stands out with an
exceptionally low ratio of only 3% and a very low entropy index of 0.36. This significantly
hampers residents’ accessibility to daily amenities. Interestingly, despite scoring very low
in terms of connectivity according to the space syntax analysis, residents’ satisfaction with
connectivity remains high in this neighborhood. This is attributed to the high level of
satisfaction with respect to walkability within the neighborhood concerning the indicator
of sidewalk efficiency (IND 2-3). In Park View—a high-rise complex—there is a sufficient
economic use area and a high entropy index of 0.79. However, the residents’ satisfaction
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with mixed land use and accessibility to daily amenities is the lowest, with a mean value of
1.77. A site visit to the area revealed that the commercial area is predominantly occupied
by luxury retailers and restaurants, with very few stores, which explains the dissatisfaction
of the residents. The results demonstrated that there is a positive association between con-
nectivity and mixed land use in non-gated neighborhoods. This association is supported
by previous studies with an emphasis on the role of mixed land use in promoting walka-
bility [61,62]. However, this association is proved to be positive only when the residential
uses are combined with non-residential uses within walking distance [62]. Moreover, the
findings of this study partially supported this idea in gated neighborhoods. This is due to
the fact that gated neighborhoods have limited connections with their surroundings and
lack mixed building types. Based on the findings, the neighborhoods were categorized
according to the level of intervention needed to improve their mixed land use, connectivity,
and consequently, their overall sustainability (Table 10).

Table 9. A comparison of performance regarding mixed land use and connectivity via different tools.

Mustawfi Mufti Kani Italian Village Park View

Mixed Land
Use

(UN-Habitat’s criteria)

Economic use area 32% 12% 11% 3% 38% 40–60%

Residential use area 53% 73% 60% 61% 30% 30–50%

Public service area 9% 5% 21% 4% 4% 10%

Residents’ satisfaction 3.6328 3.3583 3.4911 2.1622 1.7727

Entropy index 0.84 0.55 0.8 0.36 0.79

Connectivity

(UN-Habitat’s criteria)
Street length per 1 km2 28.54 20.10 22.55 23.14 11.76 ≥18 km

Street network area 26% 23% 24% 21% 10% ≥30%

Residents’ satisfaction 3.1641 3.3333 3.1250 3.1959 2.5303

Space syntax analysis 5.54783 4.78838 4.58065 4.23377 4.13636

Table 10. The challenges and the level of intervention needed for each neighborhood.

Neighborhoods Challenges and Alterations Level of
Intervention

Mustawfi • Improving the current urban structures with minimal alterations via
regular maintenance. Minimal

Kani and Mufti

• Implementing moderate-sized retail establishments in conjunction with the
construction of additional civic infrastructure intended to serve the community.

• Incorporating green spaces and the establishment of public plazas to enhance the
feeling of community, encouraging walkability and social interactions.

Moderate

Italian Village and
Park View

• Embarking on extensive efforts aimed at revitalizing the physical infrastructure
and street networks of the neighborhoods, which may entail the demolition and
construction of large-scale buildings.

• Amendments in legislation concerning zoning plans and regulating the work of
private enterprises in the housing sector.

Substantial

6. Conclusions

Over the past century, Erbil’s urban structure has undergone numerous changes,
influenced by social, economic, and political factors. These factors have affected the trans-
formation of the spatial pattern of the city’s neighborhoods. Additionally, as the city is
the capital of the autonomous region of Kurdistan and has a high level of safety, it is
expected to continue to grow. This study showed that changes in the street networks and
spatial patterns have had a great influence on the level of sustainability. The research
showed that the performance of the aspects of mixed land use and connectivity is highest in
Mustawfi. This neighborhood is the oldest in this study and is characterized by short and
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irregular streets. Similarly, the performance of both aspects in Kani and Mufti is acceptable.
These two neighborhoods are characterized by regular grid streets. However, the gated
neighborhoods of Italian Village and Park View demonstrated the lowest performance
for both aspects. Italian Village is characterized by regular and cul-de-sac streets, and
Park View is comprised of high-rise buildings. Additionally, the assessment of the aspects
of sustainable urban forms via different tools, as well as the statistical analysis, showed
significant differences between the gated and non-gated neighborhoods. In other words,
the improvement of gated neighborhoods requires higher interventions. The findings of
the study have the potential to offer insights to local municipalities regarding deficien-
cies in mixed land use and connectivity within gated neighborhoods, highlighting the
indicators that are in need of improvement. Moreover, it underscores the importance of
employing diverse measurement tools, as this study reveals that a high entropy index in
Park View is associated with low resident satisfaction with mixed land use. Nevertheless,
it is essential to acknowledge the limitations of this study, including the reliance on a
single method (the equation of entropy index) for measuring the homogeneity of land use
and the limited number of participants in the questionnaire. Consequently, conducting a
larger-scale questionnaire would enhance the accuracy of the collected data. Furthermore,
integrating additional sustainability aspects such as diversity and density will contribute
to a more comprehensive understanding of the elements requiring improvement to attain
sustainability goals.
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