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Despite the urgent need to adopt sustainable transportation methods to reduce
pollution, some cities, particularly in developing countries, are still prioritizing the
construction of roads for private cars. The Greater Cairo Region is experiencing
increased reliance on cars, causing strain on the road network, leading to traffic
congestion, decreased walkability, and social isolation, especially in gated
communities. Old Cairo downtown has implemented sustainable
transportation options, but more action is needed from city authorities to
prioritize sustainable transportation methods for pedestrians, cyclists, and
public transit users to create livable cities and promote public health. The
objective of this study is to assess the walkability and bikeability of three
distinct city centers: Old Cairo, which represents the historic area of the
Greater Cairo Region, and the newer extensions, namely, New Cairo and 6th
October City. The analysis of walkability and bikeability will be based on the Walk
Score metric, while the relationship with urban form integration will be evaluated
using space syntax in-depth maps. The results indicate that the walkability rates in
Old Cairo downtown surpass those of the newer extensions of the Greater Cairo
Region due to the compact urban fabric and highly integrated street network and
activities. In conclusion, this study sheds light on the reasons for car dependency
in the new extensions of Greater Cairo and emphasizes the significance of
collaboration between local public transportation authorities, the Ministry of
Housing, global organizations, and international agendas.

KEYWORDS

sustainable development, cycling, walkability, urban form, gated communities, mode
choice, travel behavior

1 Literature review

In light of the impacts of climate change, it is imperative to reduce reliance on private
cars, promote sustainable modes of transportation, and improve walkability to enhance
air quality. Sustainable development is particularly vital for developing cities,
particularly in the Middle East region. As Enrique Pefialosa, the Mayor of Bogotd,
Colombia, from 1998 to 2001 and again from 2015 to 2019, and the ITDP Board
President, from 2009 to 2015, once said, “An advanced city is not a place where the poor
move about in cars, rather it’s where the rich use public transportation” (Carolyne
Mimano, 2021).
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The path toward mitigating climate change in cities lies in
sustainable urban development (Huddleston, 2012; Olivier et al.,
2012). Cycling is one of the most crucial sustainable transportation
modes for achieving this. There is a clear correlation between
cycling, walkability, public transportation modes, and urban
form. The integration of urban spaces that brings people,
activities, buildings, and public spaces together while making it
easy to walk and cycle between them and providing excellent transit
services ensures the success of cycling as the most efficient and
healthy mode of mobility.

The growing lack of physical activity in urban areas is recognized
as a global public health concern. The built environment plays a vital
role in integrating physical activity into the daily lives of residents.
The World Health Organization has emphasized the need for
changes in the built environment to improve human wellbeing,
walkability, public transportation, and recreational amenities
(NACTO, 2016; Zuniga-Teran et al., 2017).

According to Southworth (2005), walkability is the degree to
which the built environment encourages walking by ensuring
pedestrian comfort and safety, connecting individuals to various
destinations within a reasonable amount of time, and promoting
physical activity while providing visual interest along the way.
Walkability was neglected by urban planners for a long time,
beginning with the industrial era and the rise of the automobile
industry. However, significant strides have since been taken by
global urban communities to prioritize walkability and
bikeability, such as New York and Paris’s Public Squares
Program, the pedestrianization of Striges real roads in
Copenhagen, London’s Oxford Road, and Madrid’s Gran Via
(Laker, 2017; Sharifi, 2019).

Walkability measures can be classified into several categories:
street connectivity, which refers to the density and pattern of
streets and intersections in a given area. More connected street
networks tend to be more walkable as they provide more direct
routes and opportunities for pedestrians to navigate. Land use
mix refers to the diversity and proximity of land uses in a given
area. Areas with a mix of residential, commercial, and
institutional uses tend to be more walkable as they provide
opportunities for pedestrians to access a range of destinations
within a short distance. Density refers to the number of people or
jobs per unit of land area. Higher-density areas tend to be more
walkable as they support more efficient public transportation
systems and create more vibrant pedestrian environments. Street
design refers to the physical characteristics of streets, including
width, sidewalks, crosswalks, and street furniture. Streets that are
designed with pedestrians in mind tend to be more walkable as
they provide safe and comfortable spaces for walking. Traffic
safety refers to the presence and severity of traffic-related
hazards, including speed, volume, and crashes. Areas with
lower traffic speeds and volumes tend to be more walkable.
Esthetics refers to the visual appeal and comfort of the
pedestrian environment, including street trees, landscaping,
and public art. Areas that are esthetically pleasing and
comfortable tend to be more walkable (Smart Growth America
Complete Streets Checklist, 2018; Walk Score, 2023; Heart
Foundation, 2020).

Several pieces of research addressed walkability indicators from
different aspects: socially, safety-wise accessibility (Sharifi 2019),
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visual connection and imageability base (Elshater et al., 2019; Lynch,
1981; Lynch, 1960), and functionality (Elshater, 2012; Al-Mosawy
et al, 2018; Newman and Kenworthy, 1999). Density, functional
mix, and access networks were well recognized by Khan et al., (2020)
as key factors of walkability: density concentrates more people and
places within walkable distances. The functional mix produces a
greater range of walkable destinations, and access networks mediate
flows of traffic between them.

Safety is a common environmental attribute of bikeability
(Winters et al., 2015; Winters et al, 2016). A comparative
European study showed that traffic congestion in mixed traffic
infrastructure increases cyclists’ fear of traffic and results in
cycling avoidance (Chataway et al.,, 2014). In compact and dense
urban fabrics, urban planning should focus on separating bike paths
without increasing travel congestion to reduce the risk of cycling
accidents.

Convenience is another attribute of perceived bikeability.
Nearness and connectivity to bikeways influence the intention
to cycle. In addition, the ease of accessibility to parking spots and
bicycle storage facilities are important factors perceived as part of
a convenient cycling environment (Heesch and, Sahlqvist, 2013).
Accessibility to mixed land use, facilities, compactness, and
connectivity to other public transport modes are considered
the most important attributes of perceived bikeability (McNeil,
2011). Urban form is another major attribute. The characteristics
of the urban context, compactness of the urban fabric,
topography, and bikeability patterns related to closed or gated
communities are factors discussed in this paper. Pleasantness is
an attribute related to psychological aspects of bikeability, which
is affected by the built and natural environment. Green spaces,
nature, parks, and attractive environments are key elements of a
pleasant cycling environment. Walkability is related to a certain
level of bikeability. Urban spaces that enhance the cycling
environment are usually pedestrian-friendly as well.

As for the urban fabric, some common classifications are as
follows (Ali and Park, 2019): morphological, which is based on
the physical form of the urban fabric, including the size, shape,
and arrangement of buildings, streets, and public spaces. Some
examples are gridiron, radial, and organic patterns; functional,
which is based on the various functions that different parts of the
urban fabric serve, such as residential, commercial, industrial,
and institutional areas; historical, which is based on the historical
development of the urban fabric; socio-economic, which is based
on the socio-economic characteristics of the urban fabric, such as
income levels, education levels, and employment opportunities;
and environmental, which is based on the environmental features
of the urban fabric, such as green spaces, water bodies, and air
quality (Hillier, and Hanson, 1984; Ali, and Park, 2020).

Medeiros (2013) emphasized the two kinds of urban form
mentioned by Kostof (1992) and Kostof (2001): the irregular/
organic one and the regular/orthogonal/chessboard grid.
According to research, the issue is not the presence of one
type or another, but the articulations that take place in the
city. Aspects such as integration, connection, accessibility to
nodes and public transport, and relations between the main
axes seem to be more relevant than the layout itself (Kostof,
1992; Kostof, 2001; Medeiros, 2013). The efficiency of public
transport in Egypt, especially in the Greater Cairo Region (GCR),
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is poor due to a lack of maintenance, funding for facility
upgrades, and incompatibility with the growing population.
For this reason, people depend on car use as they find other
transportation modes inadequate for their daily routine.

Nowadays, cities are taking huge steps toward sustainability,
implementing plans to improve walkability and bikeability.
However, these measures alone cannot be improved without a
real vision of urban problems. This necessitates a sort of
rehabilitation of urban areas that deals with density and
mixed use of lands, an orientation of masses and buildings,
safety in streets, accessibility of transit, and a connection
between urban areas (Lawlor, 2015; Mahmoudi et al., 2015;
Zayed, 2016).

There are several novel techniques used in urban planning for
new extensions that have emerged in recent years. Examples of
these techniques are as follows. Smart growth: it focuses on
creating compact, walkable, mixed-use communities that are
designed to be sustainable and environmentally friendly.
(TOD): it the
development of compact, mixed-use communities around

Transit-oriented development emphasizes

transit nodes such as bus or train stations. TOD aims to
create walkable neighborhoods with easy access to public
transportation, reducing reliance on cars. Green infrastructure:
it focuses on incorporating natural features such as parks, green
roofs, and rain gardens into urban design. Tactical urbanism: this
technique involves using low-cost temporary interventions such

Gated communities in the Greater Cairo Region (GCR)
Source: Based on compiledWUCA data E 0 /
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as pop-up parks, bike lanes, and outdoor seating to test out new
urban design ideas and gather feedback from the community
before making permanent changes. Complete streets: this
planning approach prioritizes the needs of all users of the
street, including pedestrians, cyclists, transit riders, and
motorists, and aims to create safe and accessible streets for
everyone. These techniques reflect a growing recognition that
urban planning should prioritize sustainability, equity, and
community engagement (Calthorpe, 2010; Lydon, and Garcia,
2015; BenDor, and Metzger, 2017; Carmona, and Tiesdell, 2018;
Kim H., 2020; Stevens and Dovey, 2022).

2 Materials and methods

Some research questions were tackled throughout this paper.
What is the rate of walkability/bikeability in the city center of
downtown Old Cairo? What is the rate of walkability/bikeability
in the new extensions of the Greater Cairo Region? What are the
factors affecting them? The research hypothesis was that there is
a strong relationship between urban form, walkability, and
bikeability.

This paper studies three city centers in the GCR, as shown in
Figure 1. The downtown Cairo city center (Tahrir square area) will
be analyzed, as it is the oldest center in Cairo and characterized by a
compact, friendly fabric. The other two centers, downtown 6th

Gated communities east GCR

1. Uptown (Emaar) 17. Al Rahab (TM6 ameya Dunes
2. Degla View 18. Al Horreyah 34. Center\ille (Damac)
3. AlBaroan City 19. Kattameya Plaza 35. Hyde Park [Dama
4. Maadi Grand City 20. Qatari Diar 36. Mivida (Emaar)
5. LaReve 21. Al Safwa 37. Maxeem
6. Stone Park Kattameya 22. Royal Lagoon 38. Palm Hills Kattameya
7. Kattameya Heights 23. Al Ashrafeya 39. Efad (Kuwait)
8. Arabella 24. Etoile des Villes 40. Barwa (Qatar)
9. Lake View 25. Oriental Co. 41. Future City
A ;O,Giro Festival City 26. Moon Valley 42. Madinaty (TMG)
,..13‘ ﬂ;rlna City 27. Al Masraweya 43. Al Nakheel
. 12.Nakheel Village 28. Arabeya 44. May Fair
13. Swan Lake 29. Al Aseel 45. Al Shorouk 2000
14. Mirage City 30. Fountain Blue 46. Loeloat Al Shorouk
15. Golden Heights 31. Zizinia City 47. Spring Valley

16. Bright City 32. East Town (SODIC) 48. Golf City (Obour)

Location of the three centers under investigation in the Greater Cairo Region (entitled on a map with the numbering of gated communities (Ahmed,

2009)).
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October City and downtown New Cairo, are located on the left and
right sides, respectively, in extensions of the GCR. This study will
focus on walkability and bikeability and their relation with urban
form, integration, and connectivity.

Walkability and bikeability were analyzed for the three city
centers using the Walk Score. Integration of urban form was
analyzed using a space syntax in depth map within a 1.5km
catchment area from the main square or center. Collective data
were used as a framework of outcomes.

There are several programs used to measure walkability, such as
the Walk Score, Street Smart Walk Score, Walkability Index, and
toolkits and indices. The Walk Score analyzes a location’s pedestrian
friendliness by looking at the distance to nearby amenities like
restaurants, grocery stores, parks, and schools. It then assigns a score
between 0 and 100 based on how easy it is to walk to these amenities.
The Street Smart Walk Score and Walkability Index take this a step
further by factoring in important pedestrian-friendly features like
sidewalks, crosswalks, and pedestrian signals. Unfortunately, the
latter could not be used in the case study due to the absence of many
signals, crosswalks, and sidewalks, which would affect the validity of
the study. That is why space syntax was used in addition to the Walk
Score as a more complex and accurate method of measuring
integration and accessibility (Walk Score: https://www.walkscore.
com/; Pedestrian and Bicycle Information Center, 2023).

The Walk Score is a site that provides walkability analysis for
different areas around the world according to the street network,
urban form, and number of activities and facilities in the area. The
walkability index provides a numerical walkability score between
0 and 100. Between 0 and 24 is considered a car-dependent area,
50-69 is somewhat walkable, 70-89 is very walkable, and 90-100 is a
walker’s paradise, which means all errands, activities, and the street
network are within a walkable distance. It also provides a bike score
that complements the street network of the same area (Walk Score:
https://www.walkscore.com/).

Space syntax analysis is conducted using DepthMapX; a software
platform that performs a set of spatial network analyses designed to
understand social processes within the built environment. The
objective of the analysis is to derive variables such as the
integration of urban form that may have social significance. After
drawing the maps of the three city centers on AutoCAD, a DXF file is
imported into DepthMapX to produce axial and segment maps.
Connectivity, integration, node count, and total depth are then
extracted as attributes from the segment maps of the proposed areas.

Space syntax can be used as a reproducible methodology as it is a
method of analyzing street networks to understand how they impact
human behavior and movement. It is based on the idea that the
physical layout of a space affects how people use it and interact with
each other. Space syntax uses mathematical algorithms to analyze the
spatial relationships between different parts of a built environment. It
can help architects, urban planners, and researchers understand and
predict how people will move through different spaces and how
effective different designs are at promoting social interaction and
pedestrian flow. The different methods and software programs used in
space syntax involve creating a graph-based representation of the built
environment and analyzing its connectivity and centrality. These
analyses can reveal patterns of movement and clustering that can
inform design decisions and urban planning strategies (Penn, and
Turner, 2001; Kim, and Seo, 2018).
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Researchers have found that there is a strong relationship between
space syntax, walkability, and bikeability. One study by Miller et al.
(2014) found that neighborhoods with higher space syntax integration
scores (meaning a more connected street network) were associated
with increased walking and cycling activity. Similarly, a study by Sung
et al. (2016) found that more connected and compact neighborhoods
were associated with higher levels of walking, cycling, and transit use,
as well as lower levels of driving. Another review by Zhang et al. (2019)
supported these findings and suggested that space syntax can be used
to design neighborhoods that promote active transportation, such as
walking and cycling. This can be achieved through strategies such as
creating more direct and connected walking and cycling routes,
reducing street lengths, and improving connectivity between
neighborhoods. Overall, the evidence suggests that space syntax is
a valuable tool for designing neighborhoods that promote active
transportation (walking and cycling). By analyzing the layout of
urban areas and designing for improved connectivity and
compactness, environments that are more conducive to active
transportation can be created, which will ultimately improve the
health and wellbeing of residents.

Meanwhile, Cairo, the capital of Egypt and a dense city known
for its rapid population growth, with more than 20 million
inhabitants, is expected to increase to 24 million inhabitants by
2027. The city is well known for its high car dependency rate, dense
street network, and continuous traffic jams. The lack of mobility
options is a serious problem in Greater Cairo, with serious effects on
the quality of life, time consumption, and economy. In addition, the
increase in fuel prices is driving many daily commuters to explore
other alternative transport options. Regarding these considerations,
several projects for sustainable transport modes have been
developed in Cairo over the past few years. One of these projects
is the new “Cairo Bike” project, which offers a large cycling network
facility in the Downtown Cairo area (Carolyne Mimano, 2021).

Several studies have been conducted on the GCR, and findings
state that the spatial configuration of the street network, which
creates the urban fabric, plays a vital role in enhancing walkability.
Studies show that compact urban fabrics with friendly, narrow,
shaded streets are more pedestrian-friendly spaces that enhance
walkability, compared to scattered layouts that hinder movement
between destinations and activities (Abedo et al., 2020).

In addition, the street layout in the GCR is not designed with
separate cycling lanes or separate public bus lanes. This leads to
fewer cyclists using the same roads as vehicles and feeling unsafe due
to direct contact with vehicular traffic. The lack of designed separate
bus lanes also leads to interference with heavy traffic and irregular
bus timetables. Moreover, pavement spaces are nearly inadequate
for the density of pedestrians in many downtown areas. This is a
huge concern as it is the main factor contributing to walkability, car
dependency, and traffic jams in city centers.

In this paper, cycling, walkability, and urban form indicators
deduced in Table 1 from the literature review will be analyzed in three
city centers using space syntax to assess the level of integration of
street networks and urban patterns and the Walk Score to determine
the level of walkability in each city center. The relationship between
urban form and walkability/bikeability will show which centers are
user-friendly and walkable and which are not. Successful city centers
like Old Cairo downtown are being analyzed further through the new
“Cairo Bike” project as a successful example of a walkable
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TABLE 1 Indicators of walkability, bikeability, and urban form (author).

Walkability indicators

Bikeability indicators

10.3389/fbuil.2023.1165996

Urban form indicators

Accessibility Accessibility

Integration

Street connectivity and functionality

Street density Street density

Street connectivity and functionality

Connection

Urban fabric density

Street pattern and design Street pattern and design

Mix of land use Mix of land use

Accessibility

Mix of land use

Traffic safety Traffic safety

Esthetics

Traffic safety

Sustainable public transport

Visual connection

Imageability base

neighborhood to deduce a framework for further implementation in
future projects.

3 Case study 1: downtown Cairo city
center

Downtown Cairo has been the urban center of Cairo since the
19" century, when the district was designed and built. The urban
planning of the area followed a European style with broad, linear,
gridded streets. Incorporating many administrative buildings like
the Tahrir building, stock exchange building, and others, as well as
facilities like hotels, university campuses, cultural centers, and open
markets, the old downtown is dense with activities, which turns the
area into a user-friendly, walkable zone.

3.1 Findings

The Walk Score of Downtown Cairo shows that the district is a
“walkers’ paradise,” which proves that daily errands do not require a
car and can be made on foot (Figures 2, 3).

FIGURE 2
Walk Score of Downtown Cairo on the right and district image on
the left (https://www.walkscore.com/score/downtown-cairo).
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The attribute summary of the depth map shown in Table 2
describes the statistical properties of the depth values in the
map. This includes measures such as minimum value, maximum
value, average value, standard deviation of depth values, and
other statistical indicators that give an overall understanding of
the distribution of the depths in the map. Table 2 shows higher
values of connectivity (integration and depth) within every
200 m radius compared to the other areas of study. Other
measures, such as choice (degree of freedom and
intelligibility), control (control over movement), and node
count, show that the space is well connected, easy to navigate,
and has more opportunities for social interaction and
surveillance.

Using space syntax, an axial map and a segmented map were

created. Measures of integration on every 100 m scale were

OLD DOWNTOWN CAIRO
WALKERS PARADISE
WALK SCORE 96

The Walkscore is based on the following categories

by %

120
100

80

60

40

20

0

Dining  Groceries Shopping Errands Parks Schools  Culture

FIGURE 3

Graph showing categories of Walk Score value for Downtown
Cairo (https://www.walkscore.com/score/downtown-cairo).
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TABLE 2 Attribute summary of downtown Cairo (author, DepthmapX 0.8.0,
2010).

Attributes Minimum Average Maximum

1 Axial line reference 0 369.967 797

2 | Segment length 0.0196 61.9742 593.678

3 | Angular connectivity 0 2.462 6.086

4 Connectivity 0 3.728 8

5 T1024 Choice R200 metric 0 62.216 988

6 T1024 Integration 2.107 19.209 90.335
R200 metric

7 T1024 Node count 1 27.897 123
R200 metric

8 T1024 Total Depth 1.898 44.502 255.43
R200 metric

9 T1024 Choice R400 metric 0 403.236 7,065

10 | T1024 Integration 5.875 40.535 138.321
R400 metric

11 | T1024 Node count 1 90.087 243
R400 metric

12 | T1024 Total Depth 2.508 214.544 786.898
R400 metric

13 | T1024 Choice R600 metric 0 1,101.43 13,193

14 | T1024 Integration 6.198 66.433 209.482
R600 metric

15 | T1024 Node count 1 176.419 446
R600 metric

16 | T1024 Total Depth 12.684 497.96 1,599.31
R600 metric

17 | T1024 Choice R800 metric 0 2,263.57 28,361

18 | T1024 Integration 10.261 96.066 305.94
R800 metric

19 | T1024 Node count 1 284.781 694
R800 metric

20 | T1024 Total Depth 34.355 890.569 3,049.49
R800 metric

21 | T1024 Choice 0 20,135.1 194,949

22 | T1024 Integration 154.913 273.087 408.72

23 | T1024 Node count 1 1,217.99 1,282

24 | T1024 Total Depth 4,466.31 5,717.2 13,499.1

calculated, as shown in Figures 4, 5. Table 2 shows the high level
of integration of the street networks in Old downtown Cairo,
which explains the highly accessible streets. Patterns of activity
and compact urban form prove the high walkability initiative in
the area, which answers the first question of the research: “What
is the rate of walkability/bikeability in the city center of
downtown Old Cairo?”

y using space syntax in case studies, the morphological form of
the urban fabric is being measured, which includes street
configuration (including size, shape, and arrangement of streets)
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and public spaces. Street connectivity and integration level are two of
the measurements of walkability and bikeability, which are also
studied by space syntax.

Table 2 shows an average connectivity level of 3.728 between a
minimum value of 0 and a maximum value of 8, which describes a
high level of connectivity compared to the next two case studies.
The segment length has an average value of 61.9, which is lower
than that in the other two case studies. This indicates short street
lengths with high intersections, which means better overall
compactness and connectivity. Integration has an average value
of 273, which is also higher than that in the other two case studies.
Therefore, the overall values are proof of a compact, dense, well-
connected, and integrated fabric that enhances walkability/
bikeability.

3.2 Cairo bike project

The attribute summary shows that integration in downtown
Cairo is high due to its compact fabric. Because of this integration
and the high Walk Score, it was easy to develop a new cycling
network (Figure 6). In this context, the Cairo Governorate, in
partnership with the United Nations Human Settlements
Programme (UN-Habitat), Drosos Foundation, and Institute
for Transportation and Development Policy (ITDP), planned a
new cycling project called “Cairo Bike,” shown in Figure 7. The
project consists of three phases, of which the first phase has been
constructed with approximately 700 cycles and an initial
coverage area of 6.4 sq km. The project has 70 cycling stations:
13 small stations (10 docks), 44 medium stations (20 docks), and
13 large stations (30 docks) (Institute for Transportation and
Development Policy, 2014; United Nations Human Settlements
Programme, 2018).

The target groups for this project are commuters who take
the metro or bus to downtown Cairo but require a “last mile”
option to reach their final destinations, workers who need to run
short-distance errands during the day, and tourists who want to
use bicycles to explore the city center. Stations have been placed
at frequent intervals to provide coverage, with the distance
between stations typically ranging from 200 to 400 m. The
proximity to public transport hubs, public spaces, squares,
commercial streets, and market areas was a priority when
selecting cycle stations.

The proposed expansion plan adds service to Cairo University,
Al Dokki, and the southern end of Zamalek Island in phase 2. The
third phase extends the system to the AsSabtiyyah area and the rest
of the Zamalek Island (Figure 8).

ch:_Case study 2: downtown 6th October
ity

6th October is a city in the Giza governorate, serving as a satellite
town and a part of the urban area of Cairo. The settlement was
established in 1978 by President Anwar el Sadat. In recent decades,
gated communities have become a popular lifestyle choice for many
residents and are the dominant form of expansion, covering 80% of
6th October City (Sims, 2010). However, as gated communities are
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FIGURE 4
Segment map of downtown Cairo (author, DepthmapX 0.8.0, 2010)
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FIGURE 5
Integration analysis map of downtown Cairo (author, DepthmapX 0.8.0, 2010)

spatially similar to enclaves, anthropologists such as Sheta M. Low 41 Findings

have argued in her book, “Behind the Gates: Security and the New

American Dream,” that they can have a negative effect on the The Walk Score of downtown 6th October is 67 (Figure 9),
broader community’s social capital outside the gated community  indicating it is somewhat walkable but less so than Downtown Cairo.
(Low, 2004). 6th October is primarily composed of closed gated communities
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FIGURE 6

A render of bike lanes and stations at Talaat Harb square in central Cairo. Photo: Cairo Governate.

Lebanon Square XA

‘%"
- Phase 3

5 AssasTivYAW
gtk

ARD EL LEWA Alakit
sl o o 2

AlHussein Mosque @

AlAzhar Mosque @

e
© Abdeen Palace Museum

o L]
o 3 @ The Hanging Church

FIGURE 7

Cairo bike project phases on the map of downtown Cairo (United
Nations Human Settlements Programme, 2018).

with private activities and facilities in each one (Figures 10, 11). This
lack of integration results in a less-compact urban fabric that
negatively affects the walkability and bikeability of the area.
Furthermore, the main streets in the city center are too wide,
making it difficult to cross them safely due to a lack of street
signs and crossings.

The analysis of the depth map shown in Table 3 reveals an
average integration value of 59.811 and a connectivity value of
3.105 in downtown 6th October. The level of integration on
different levels is lower than the integration levels in downtown
Cairo. This is due to the increased number of gated communities
with fences and walls, resulting in social segregation and
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The planned bicycle sharing system willimprove access in central
Cairo (stations are shown in blue; coverage area is shown in yellow)
(United Nations Human Settlements Programme, 2018).

decreased connectivity between the inside and outside of the
communities. While this might improve walkability and
bikeability inside these communities (Figures 12, 13), it also
increases car dependency outside their walls. This answers the
second and third questions in the methodology section
concerning the rate of walkability and bikeability in extensions
of the GCR and the factors affecting them.

In this section, we examine the morphological and
functional attributes of the urban form discussed in the
literature review and their impact on the safety, convenience,
accessibility, and connectivity aspects of walkability and
bikeability. The average segment length value of 131 shown
in Table 3 highlights the long and wide pattern of most streets in
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FIGURE 9

Walk Score of downtown 6th October district on the left (https://www.walkscore.com/score/6th-october-city-center).
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FIGURE 10
District boundaries on the right (https://www.walkscore.com/
score/6th-october-city-center).

downtown 6th October with limited intersections, signage, and
stops, which negatively affects the safety of pedestrians and
consequently impacts walkability and bikeability. The high
percentage of gated communities also results in decreased
connectivity and accessibility.

5 Case study 3: downtown New Cairo
city
New Cairo is a new Egyptian settlement covering an area of

about 30,000 ha on the southeastern edge of Cairo. It is one of the
new cities built around Cairo to alleviate congestion in
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FIGURE 11

Graph showing the categories of Walk Score value for 6th
October downtown (https://www.walkscore.com/score/downtown-
cairo).

downtown Old Cairo. The Walk Score of downtown New
Cairo is 13 (Figure 14), indicating that it is car dependent
and less walkable than downtown Old Cairo and downtown
6th October. New Cairo is characterized by a wide street pattern
in 70% of its street network, with a very small number of
pedestrian crossings. It is partially filled with closed gated
communities with private activities and facilities in each one
(Figure 15), resulting in decreased integration and a less-
compact urban fabric that negatively impacts walkability and
bikeability.

5.1 Findings

Analysis of the depth map shown in Table 4 and Figures 16,
17 shows an average integration of 214.139 and an average
connectivity value of 3.443. Integration on different levels in
downtown New Cairo is lower than integration levels in
downtown Old Cairo but higher than that of downtown 6th

frontiersin.org
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TABLE 3 Attribute summary of downtown 6th October (author, DepthmapX
0.8.0, 2010).

Attributes Minimum Average Maximum

1 Axial line reference 1 224.655 485

2 | Segment length 1.224 131.066 1731.47

3 | Angular connectivity 0 2.031 4.165

4 Connectivity 0 3.105 6

5 T1024 Choice R200 metric 0 3.256 36

6 T1024 Integration 4.5 10.044 1,152
R200 metric

7 T1024 Node count 1 6.093 17
R200 metric

8 T1024 Total Depth 0.379 5.108 21.882
R200 metric

9 T1024 Choice R400 metric 0 25.999 233

10 | T1024 Integration 3.908 12.13 384
R400 metric

11 | T1024 Node count 1 16.129 42
R400 metric

12 | T1024 Total depth 1.023 24.779 81.063
R400 metric

13 | T1024 Choice R600 metric 0 68.650 598

14 | T1024 Integration 3 14.762 36.457
R600 metric

15 | T1024 Node count 1 27.747 81
R600 metric

16 | T1024 Total Depth 1.023 56.986 212.566
R600 metric

17 | T1024 Choice R800 metric 0 135.601 1,417

18 | T1024 Integration 3.908 17.746 41.094
R800 metric

19 | T1024 Node count 1 41.272 108
R800 metric

20 | T1024 Total Depth 1.023 104.805 403.59
R800 metric

21 | T1024 Choice 0 9,097.04 146,013

22 | T1024 Integration 3.908 59.811 107.523

23 | T1024 Node count 1 526.571 610

24 | T1024 Total Depth 1.023 4,920.76 10,056.1

October. This is due to a well-arranged street network (with a
medium segment length of streets), but at the same time, the wide
street pattern intensifies the difficulty of crossings, thus affecting
the safety, convenience, and accessibility measures of walkability/
bikeability to some extent. This answers the second and third
research questions in the methodology section concerning the
rate of walkability and bikeability in the extensions of the GCR
and the factors affecting them.
Axial line reference
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6 Summary of findings

The urban context in many city centers differs in terms of
integration, walkability, bikeability, and connectivity to
activities and public transport stations. As shown in Table 5,
the results indicate an average integration of 273.087 for
downtown Cairo, compared to 59.811 in downtown 6th
October and 214.139 in downtown New Cairo. These results
are attributed to the differences in urban fabric connectivity and
form. Integration in downtown Cairo is high, with a high Walk
Score of 96%, due to its open, compact fabric and diverse range
of activities, which has enhanced the Cairo bike project. On the
other hand, integration is lower in downtown 6th October due
to the presence of a large percentage of gated communities,
which tend to reduce walkability and bikeability in the
surrounding areas outside the community gates, resulting in
a Walk Score of 67% (somewhat walkable). Downtown New
Cairo has an average integration that is lower than that of
downtown Cairo but higher than that of 6th October. This is
because it has a mix of open fabric and closed gated
communities. However, most activities in New Cairo are
enclosed in gated malls, which make it more car dependent,
resulting in a Walk Score of 13% (a car-dependent area). The
node count in old downtown Cairo is higher than that of 6th
October and New Cairo in all metrics due to the presence of
more nodes, intersections, and connections in the urban
pattern. Total depths are also higher due to shorter street
lengths and more intersections. This affects the choice
attribute, which is higher in old downtown Cairo, as there is
more freedom of movement and proximity to different modes of
transport and activities.

By analyzing the recent practice of gated communities and
comparing it with sustainable urban practices of good
community, connectivity, and social integration, we can see
that this trend of urban expansion in the cities of 6th October
and New Cairo has a direct impact on these factors. It results in
reduced walkability and bikeability outside the gates of these
communities, which affects the overall integration of the city,
including its city center or downtown, and leads to more car
dependency. This paper demonstrates that communities with a
high percentage of gated communities lack connectivity with
their local environment. This paper concludes that there is a
direct relationship between bikeability, walkability, and urban
form, which is affected by the different features of connectivity
and activities that are previously described.

7 Discussion

Despite the increased interest in studies on walkable and
bikeable communities in developed countries, very few studies
have highlighted the importance of walkability and bikeability in
developing countries as a necessary step toward sustainability,
especially in those places that are in dire need of reducing energy
consumption and pollution resulting from transportation.

Stafford and Baldwin (2018) identified the relationship
between walkability and the diversity of ages and abilities.
Other studies, such as Greenstein’s (2015) research in Austin,
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FIGURE 12
Axial map for 6th October downtown 3 km catchment areas (author, DepthmapX 0.8.0, 2010).
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FIGURE 13
Integration analysis on segment map of downtown 6th October 1.5 km catchment area (author, DepthmapX 0.8.0, 2010).
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FIGURE 15
Graph showing categories of the Walk Score value for New Cairo
downtown (https://www.walkscore.com/score/downtown-cairo).

Texas, have explored the relationship between bikeability and
network density, land use, topography, and barriers. Wang et al.
(2016) defined the relationship between walkability and
bikeability of several attributes of the built
environment, such as housing design, the layout of public

in terms

service facilities, the road traffic network, and the presence of
green spaces and landscapes, which can affect physical activity
and physiological health. Yen et al. (2021) suggested that the
topological and geometric characteristics of street networks are
more conducive to walking and biking in central districts than in
peripheral districts. This study is the only source that pays

Frontiers in Built Environment

12

attention to the difference between walkability and bikeability
in central and peripheral districts. However, none of the studies
mentioned the relationship between walkability, bikeability, and
urban form. This paper proves that walkability and bikeability are
directly affected by the integration of urban form, either through
compact fabrics or gated communities. In addition, studies on
walkability and urban form have been limited in developing
countries like Egypt, particularly in the African context, in
comparison to many studies that have been conducted in
high-income countries. This offers a contextual novelty for
this paper.

One of the knowledge gaps in urban planning for new
extensions with gated communities is their potential impact
on social and economic segregation. Gated communities are
often designed to provide a sense of exclusivity and security, but
they can also create physical and psychological barriers between
residents and the wider community. Research has shown that
gated communities tend to be more homogenous in terms of
surrounding
and

income, and ethnicity compared to
neighborhoods, lead to greater

economic segregation. This may have negative implications

race,
which can social
for social cohesion, access to public services, and economic
opportunity. Another knowledge gap is the impact of gated
communities on urban sprawl. Gated communities are often
developed on the outskirts of cities, which can contribute to
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TABLE 4 Attribute summary of downtown New Cairo (DepthmapX 0.8.0, 2010).

Attributes Minimum Average Maximum

1 Axial line reference 1 438.173 903

2 | Segment length 1.211 90.764 831.546

3 Angular connectivity 0.139 2.321 5.986

4 | Connectivity 1 3.443 7

5 T1024 Choice R200 metric 0 17.113 240

6 T1024 Integration 7.481 12.048 76.8
R200 metric

7 T1024 Node count 1 13.28 50
R200 metric

8 T1024 Total Depth 0.828 16.632 71.5
R200 metric

9 T1024 Choice R400 metric 0 107.167 857

10 | T1024 Integration 3.666 20.040 59.159
R400 metric

11 | T1024 Node count 1 37.917 102
R400 metric

12 | T1024 Total depth 0.402 78.265 240.992
R400 metric

13 | T1024 Choice R600 metric 0 284.871 2,215

14 | T1024 Integration 3.446 28.578 82.697
R600 metric

15 | T1024 Node count 2 70.317 169
R600 metric

16 | T1024 Total Depth 0.148 186.079 495.777
R600 metric

17 | T1024 Choice R800 metric 0 571913 4,894

18 | T1024 Integration 3.952 37.654 113.536
R800 metric

19 | T1024 Node count 2 109.536 241
R800 metric

20 | T1024 Total Depth 0.148 343.615 878.945
R800 metric

21 | T1024 Choice 0 24,362.2 636,089

22 T1024 Integration 4 214.139 364.094

23 | T1024 Node count 2 1,330.22 1,367

24 | T1024 Total Depth 0.5 8,822.72 24,378.8

urban sprawl and an increased reliance on cars. This can have
detrimental consequences for the environment, public health,
and transportation equity. Furthermore, there is a lack of
the of gated
communities. Many of these communities rely on private

research  on long-term  sustainability
infrastructure and services, which can be expensive to
There risk that gated
communities may become isolated and vulnerable in the

event of natural disasters or other emergencies.

maintain over time. is also a

In addition, most articles and studies on sustainable active
transport have been concentrated in Europe and America; on the
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contrary, limited studies have been made in developing
countries that deal with the rapid growth of population,
This highlights the

mitigating  several

urban sprawl, and low income.

of this
opportunities as sustainable approaches for planning new

importance research  in
extensions in developing countries. Evidence-based or data-
driven studies on walking and biking behaviors in the large
cities of the MENA region are scarce. One of the few studies of
this kind shows that among socioeconomic factors, age,
household car ownership, and last relocation time determine
whether adults commute to work or study places. According to
this study, the variables related to street network and
accessibility can also significantly define on-foot commuting.
These include intersection density, number of accessed facilities
from home, average walking accessibility to neighborhood
amenities, and commuting distance (Masoumi and Sierpinski,
2022). The present study on Cairo confirms the finding that
street networks can encourage pedestrian trips in the large cities
of the MENA region. The findings of this paper are also in line
with a previous study on Cairo, Istanbul, and Tehran that
indicated the proximity of the destination can encourage
passengers to walk more. In fact, faraway destinations are the
most effective barrier against not walking in the large cities of the
MENA (Masoumi, 2019). The results of the present paper agree
with those findings in terms of the compactness of urban fabric.
However, compactness will be effective if it is combined with
accessibility to neighborhood amenities, in other words,
walk of
geographic, and cultural circumstances, these findings are

destinations to to. Because socioeconomic,
generalizable and transferable to 27 cities with more than one
million inhabitants in the MENA region (Masoumi and Fruth,
2020).

Furthermore, several limitations were observed during the
study, such as the difficulty of collecting data on bus stops in
various areas, the absence of a database for public transportation
networks integrated into city centers, and the challenge of
tracking the number of users of public and active transport
through GIS, GPS, and other applications. Another limitation
of the study is the weak connection between public and private
authorities in the decision-making process in most cities in
Egypt.

In future research, the possibility of simulation using space
syntax has proven to be effective to a significant extent, as it can
investigate other cases with real situations on the ground. The
space syntax technique can be used as a predictor in analyzing
walkability and testing the integration of street networks and urban
patterns in different locations to make further decisions
concerning street layouts, patterns, connections, activities, and
transportation modes.

The GCR, with more than 19 million inhabitants, is an
important contributor to the Egyptian economy. Traffic
congestion is a serious problem in the GCR, with large and
adverse effects on the quality of life and the economy. In
addition to the time wasted in traffic, which could be put to
more productive uses, traffic congestion results in fuel
consumption, lower air quality, fewer productive hours, and
increased transport costs for businesses. Therefore, serious
steps should be taken to turn the vision into increased
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FIGURE 16
Axial map of the 1.5 km catchment area (author, DepthmapX 0.8.0, 2010)
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FIGURE 17
Integration analysis map of New Cairo downtown (author, DepthmapX 0.8.0, 2010).
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TABLE 5 Comparison of space syntax analysis in the three city centers of the GCR Source: own elaboration.

Attributes Downtown Cairo 6th October center Downtown New Cairo

1 Axial line reference 369.967 224.655 438.173
2 Segment length 61.9742 131.066 90.764
3 Angular connectivity 2.462 2.031 2.321

4 Connectivity 3.728 3.105 3.443

5 T1024 Choice R200 metric 62.216 3.256 17.113
6 T1024 Integration R200 metric 19.209 10.044 12.048
7 T1024 Node count R200 metric 27.897 6.093 13.28

8 T1024 Total Depth R200 metric 44.502 5.108 16.632
9 T1024 Choice R400 metric 403.236 25.999 107.167
10 T1024 Integration R400 metric 40.535 12.13 20.040
11 T1024 Node count R400 metric 90.087 16.129 37.917
12 T1024 Total Depth R400 metric 214.544 24.779 78.265
13 T1024 Choice R600 metric 1,101.43 68.650 284.871
14 T1024 Integration R600 metric 66.433 14.762 28.578
15 T1024 Node count R600 metric 176.419 27.747 70.317
16 T1024 Total Depth R600 metric 497.96 56.986 186.079
17 T1024 Choice R800 metric 2,263.57 135.601 571913
18 T1024 Integration R800 metric 96.066 17.746 37.654
19 T1024 Node count R800 metric 284.781 41.272 109.536
20 T1024 Total Depth R800 metric 890.569 104.805 343.615
21 T1024 Choice 20,135.1 9,097.04 24,362.2
22 T1024 Integration 273.087 59.811 214.139
23 T1024 Node count 1,217.99 526.571 1,330.22
24 T1024 Total Depth 5,717.2 4,920.76 8,822.72

dependence on active and sustainable transport systems, such as
walkability and bikeability, while reducing car dependency.

8 Conclusion

Our investigation into walkability and bikeability in compact
fabrics versus gated communities has revealed that compact
fabrics offer better options for active transportation. This is
due to their mix of land uses, higher population densities, and
well-connected street networks, which provide shorter, more
direct routes for pedestrians and cyclists. On the other hand,
gated communities often have limited connectivity with the
outside fabric and restrictive design features that prioritize
vehicular traffic over pedestrian and cycling modes. Overall,
more research is needed to better understand the potential
benefits and drawbacks of gated communities in new
extensions and to develop strategies for creating more
inclusive, sustainable, and resilient communities.
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After studying the urban form and integration of the three city
centers in the GCR and examining the main features affecting urban
sustainability and connectivity, it has been proven that the compact
fabric of the old city centers is the best model that can integrate
connectivity and provide high accessibility to public transportation
and different activities. It can also be deduced that the new
extensions of GCR have a high degree of car dependency and low
integration due to the presence of gated communities. Therefore, this
paper recommends, as part of future agenda, the elimination of gated
communities in new settlements. In addition, several recommendations
are proposed for the Ministry of Housing and Construction and the
Ministry of Transportation regarding how walkability and bikeability
can be enhanced in the context of gated communities by

« Locating the main services and facilities on the borders of the
community and being operable to serve from both sides. This
will increase the economic and social value of these facilities,
not only for residents of the community but also for others
outside.

frontiersin.org


https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org
https://doi.org/10.3389/fbuil.2023.1165996

Eldeeb and Masoumi

« Bordering the communities with landscaping instead of rigid
fencing will enhance integration with the surrounding context
and facilitate social interaction.

« Enhancing the design of open malls and markets on streets to
increase social interaction.

o Adding pedestrian crossings with street and traffic signs at
every intersection to enhance walkability.

« Separating public transport into separate lanes with clear
integrated bus stops at continuous intervals will enhance
walkability and dependence on public transport.

o The design of separate, continuous bike lanes for bikes and
scooters will enhance bikeability and walkability.

The suggested strategies function better when there is an
integration of urban land wuse planning and transportation
planning. For instance, providing a city with short distances
planned for active transportation can be realized by a more
connected street network, which cannot be offered by urban
planning or transportation planning alone. The lack of harmony
between urban planning and mobility planning is seen in many
developing countries. Planners and community developers to
prioritize and invest in creating compact fabrics that facilitate safe
and accessible active transportation for all residents. By incorporating
these approaches into urban planning for new extensions, cities can
create more livable, vibrant, and resilient communities.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material; further inquiries can be directed
to the corresponding author.
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