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Abstract: The Middle East and North Africa (MENA) cities” historic centers have a unique urban fabric
regarding land use, physical characteristics, and environmental performance. Several cities within this
region are subject to significant development projects based on demolition and replacement. These
projects aim to improve the quality of life and enhance the city’s socioeconomic and sustainability. This
paper investigates the physical characteristics of the urban interface between the historical centers and
the rest of the cities” urban expansions to ensure a smooth transition between the historic urban fabric
and the rest of the city’s urban fabric. The research objective was fulfilled by developing a framework
to classify urban fabric types based on their physical characteristics. Jeddah city was selected as a
case study. Six growth phases of the city were identified. Based on this classification, urban fabric
samples representing these phases were selected. These urban samples’ physical characteristics were
analyzed. Results identified in urban fabric characteristics between the historic center and the other
identified urban fabrics within the city, especially the demolished deteriorated surrounding urban
areas. Urban features for under-development urban areas were concluded. Design guidelines were
suggested for historical centers to achieve homogeneous integrated, sustainable, livable urban areas.

Keywords: urban morphology; urban physical characteristics; urban development; Jeddah histori-
cal center

1. Introduction

As part of the government’s efforts to improve the quality of citizens’ lives, several
Middle Eastern and North African countries (MENA) started programs to develop urban
areas within historic cities. Among other cities, Cairo, Alexandria, Makkah, and Jeddah are
adopting demolish and replace policies to deal with deteriorated traditional and historic
urban areas [1]. In many previous cases, urban developers target western-style urban
fabrics and architectural designs rather than social culture and climate-responsive local
ones [2]. These designs would result in an urban not reflecting the local community
identity and culture or even responding to climate requirements [3]. Several researchers
have revealed a gap in studying both traditional and contemporary urban morphologies
within MENA cities and evaluating the impact of fabric geometry on outdoor thermal
comfort [4]. For this reason, urban researchers and designers need to investigate the history
of existing urban fabrics in the city to understand urban structure and dynamics. The
historic urban centers and their surrounding urban areas can educate designers on the
successful urban characteristics and treatments that mitigate local areas’ social, cultural,
and climatic requirements [1,4].

Jeddah city was selected as a case study because its historical center is witnessing a
significant development project. As part of this project, the government confiscated all
the historical buildings and started a restoration project for the listed buildings and their
surrounding urban spaces. A new adaptive reuse policy, including hotels, bazaars, and
restaurants, is undergoing for these buildings. The deteriorated urban areas surrounding
the historic center were demolished as part of a demolishment and replacement policy for
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these areas. A commercial and business center is expected as the primary use for these
areas, but the design guidelines are still under development.

As cited by Mubarak, Nezzar Al Sayyed described historical Islamic cities as “self-
contained entities that make up a distinct society and culture radically different from other
civilizations” [5]. As a historic Islamic urban center, Jeddah was built as a solid mass with
engraved narrow shaded, irregular walkways. The historic fabric was directed inward,
where all urban components are contained, from its gated city walls to the residential
sectors. The compact urban mass comprises small buildings with one to three floors with
protected openings to mitigate environmentally and socially required privacy [1,6]. The
main feature of the primary land use is based on the distinct separation of commercial
activities from residential uses. All commercial activities were distributed along the main
streets [5,7]. Public open spaces were reduced to the main commercial paths and the
slight enlargement at their intersections. In contrast, quiet, calm, smaller alleys serving as
residential quarters were semi-public spaces where the pass-through is prevented by the
dead-end network of alleys [3,8].

1.1. Research Significance

This research fills the gap in studying MENA cities” historical and contemporary urban
fabric. The timing of results and conclusions of this research assists the decision-makers
and developers in ending up with a sustainable, livable, and vibrant urban development.

1.2. Research Objectives

e Investigating the physical characteristics of urban areas, especially surrounding histor-
ical centers.
Highlighting the urban morphology indices.
Developing a framework that relates indices of urban morphology to sustainability
aspects.

e Analyzing main urban features to identify physical characteristics that fulfill the
socioeconomic and environmental requirements.

e Developing a set of design guides for the urban areas surrounding the historical
centers within the MENA region.

1.3. Research Methodology

An analytical approach was followed to achieve the study objectives. The history of
the city’s expansion stages was investigated. Six phases were identified, and samples were
selected to represent these phases. A framework to examine the physical aspects of these
samples was developed and utilized to explore the physical properties of the different
types of these morphologies. The best features that provide a smooth transition between
the historic center and the rest of the city’s contemporary urban areas were identified. The
research methodology is summarized in Figure 1.

1.4. Sustainable Urban Fabric

Prosperous urban areas should be smart, livable, resilient, and sustainable [9]. De-
signers should benefit from the analysis of successful urban areas. Bai X et al. defined the
research priorities in the field of observing and analyzing urban changes, understanding cli-
mate interactions, supporting the transformation of urban areas, and recognizing the global
sustainability context [10]. Investigation and analysis of different urban morphologies
are needed to understand and predict the impacts of urban form on urban characteristics.
Outdoor spaces are essential elements of urban areas to local citizens” quality of social and
economic life. Thermal comfort has a dominant impact on outdoor activities and open
urban areas setup [9]. It can help improve the quality of life and residents” health [11].
Urban planners should consider the thermal aspects of microclimate as one of the main
factors in achieving comfortable urban outdoor spaces [12]. At the same time, global
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warming negatively impacted thermal conditions within urban open spaces. Relatively,
this impacts residents” activities.

The Urban Interface between the City and Its Historical Center
Y
City Expansion Identification

Yy

Urban Sample Selection

v
Analysis of the Urban
Evaluation & Comparison of character of Five Urban Areas
Physical Characteristics of Urban Analysis Framework
Urban Areas Analysis of the Urban
Character of Historic Center
Y

Concluding Urban
Characteristics for Successful
Historic Center Urban Interface

y

] Urban Classification Indicators

j— Urban Features Identifications

Urban Design Guidelines for
Historic center Urban Interface

Figure 1. Flowchart of the research methodology.

Moreover, the UN” adopted Urban Agenda and Sustainable Development Goals
require urban developers to embed environmental studies in urban management and
upgrade processes [13]. Various urban patterns perform differently in terms of urban
climatology. Investigation and analysis of different urban morphologies are needed to
understand and predict the impacts of urban form on urban characteristics [10].

1.5. Urban Morphology Classification

The urban fabric is widely considered one of the most characteristic parameters of any
urban area. The urban fabric was considered a representation of the urban character in
all research through the last decade [14]. Many indicators have been suggested to classify
urban morphology based on its accessibility, building physical characteristics, shape, or
space structure [15]. Several theories have been developed to classify the urban fabric.

Newman et al. suggested a classification system based on mobility where three
different types were identified; walkable areas, public transport, and automobile areas were
proposed. They suggest that these three types overlap and interact in any city. They also
indicated that the percentage of each one of these types differs from one city to another.
Moreover, they concluded that cities with a more significant portion of walking urban
fabric are more successful, sustainable, and livable [16].

Bastien Lefebvre et al. suggested a three-dimensional model to classify the urban fabric.
This model is based on social activities, spatial distribution, morphology, and chronological
sequence of functions [14]. XIN LI et al. defined five urban characteristics that can be used
to classify urban fabric. These characteristics are based on fabric morphology; they include
building densities and compactness where buildings and urban spaces are scaled to human
scale and urban variation in proximity, similarity, continuation, closure, symmetry, and
parallelism [17]. They also suggested that homogeneity and fragmentation of the groups of
buildings within the urban block can be indicators [17].

Ravari argued that urban morphology is defined by its plots, buildings, paths, and
other open spaces. In more detail, different authors described several indexes for these
four indicators. Joan Perez et al. stated that a significant amount of research on urban
spaces and building classifications uses quantitative indicators. Clustering is acquired by
computing building parameters such as footprints, height, FAR, FAI, MAR, built-up area,
and usage [15]. Arsiya et al. suggested that urban form can be classified by the number of
paths per block, urban mass permeability as a void percentage, average width, length of
paths, geographic orientation of paths, slope of paths, and distribution [18]. Researchers
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utilized urban morphology characteristics such as void percent, building density, Plot Ratio
(Pr), SVFE, and FAI to study urban structure [19]. Chen et al. suggested urban morphology
indicators, such as void percent, urban mass permeability, urban canyon ratios, plot ratio
(PR), SVE, FA], etc., to be used for urban classification [20]. Figure 2 summarizes the
urban morphology indicators and their indexes. Detail of these indexes” definitions and
calculation equations are discussed later in the material and methods section.

Urban Morphology
Indicators
[ I : I ]
. Urban Mass
Plots Buildings Paths i
5 Permeability
i i Y | |Number of Paths Per| || Void Percent
— Total Site Area —— Floor Area Ratio (FAR) Block
——  Plot Numbers — Building Height 1 Length of Paths | Average Paths Width
— Plot Ratio —— Built-Up Area —— PathsArea Percent Absolute Rugosity (AR)
Plots Areas = Main Paths
=l Perrentugs [~ Building Footprint Orientation '—— Sky View Factor (SVF)
L Frontal Area Index Mean A{"*\I:j‘f Ratio | LI Siope of Paths

Figure 2. Urban morphology indicators.

1.6. Impact of Urban Morphology on Urban Sustainability

Prosperous urban areas are the base for flourishing sustainable communities [21,22].
Creating a built environment that provides services, praises a sense of pride and belonging,
and conserves local cultural heritage assets.

Urban physical characteristics define microclimate character and outdoor comfort.
Thermal comfort conditions affect people’s health and well-being in urban spaces [23].
In outdoor spaces, pedestrians are exposed to different solar radiations and wind speeds
over time and space [12]. Users’ perception of the urban area is affected by its micro-
climate [23]. Dasaraden argues that using trees and reflective and porous materials can
significantly improve the microclimate characteristics of any given urban space, reduce the
urban heat island effect, and improve wind infiltration [24,25]. Features of urban morphol-
ogy, street canyon, and urban canopy impact the urban microclimate and directly affect
cities” sustainable development plans aiming for the resilience, health, and comfort of city
residents [26,27].

In their research, Lai et al. reviewed the seven indirect influencing categories: envi-
ronmental, cultural, social, economic, behavioral, historical, and aesthetic categories [28].
Many other researchers suggested that various outdoor areas have different thermal com-
fort levels because of the differences in their physical aspects, such as SVF, canyon ratios,
vegetation, landscape elements’ variation, and albedo [29-32]. Specifically, thermal comfort
differences resulted from wind speed and radiant temperature differences among outdoor
spaces [28,33]. However, other researchers argued that microclimate differences between
different urban areas could not fully explain differences in thermal sensation. Outdoor
spaces of Jeddah’s historic center and its surrounding demolished urban areas are well
known for being pedestrian friendly. Irregular narrow urban paths of these urban areas
protected pedestrians from the hot, humid weather during summer [1].
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1.6.1. Relation between Urban Morphology Indicators and Environmental Aspects

Many studies investigated the complex relationship between these urban indicators
and the thermal environmental aspects [34]. Thermal environmental factors, namely
temperature, wind speed, average radiation temperature, etc., are usually calculated and
utilized to represent thermal comfort within outdoor spaces [19]. The results of these
studies showed that more than one urban morphology index is required to evaluate the
direct impact of urban morphology on the thermal environment aspects [19,35]. Yuxin Yang
c et al. concluded that building density could positively impact land surface temperature,
while SVF has a slightly negative influence [19].

Concerning plots” indicators, researchers confirmed the relation between the less
dense urban fabric and wind acceleration [36]. Johansson concluded from his study of
the Morrocan city Fez’s urban fabric that ventilation increases as the site coverage ratio
decreases. He also relates the ventilation effect to building porosity at the pedestrians’
level [37]. As for buildings, Berardi and Wang found that the building’s porosity, and scale,
impact wind speed [28,38]. Buildings’ obstruction to wind can be estimated by the FAI
(Af), which represents the ratio between vertical surfaces facing the wind direction to the
building area. Chatzidimitriou, Berardi, and Wang found that wind speed accelerates at the
building corners [38-40]. Chen et al. concluded that street canyons with less than 30 degrees
to the wind direction in high-density urban areas help achieve good ventilation [40].

Moving onto the paths’ indicators, results of some studies indicated that East-West
oriented urban canyons provide better environmental conditions in hot zones because they
create permanently shaded areas [9,41]. Ali and Mayer found that intermediate orientations
such as NEW and NW-SE with the same SVF and H/W ratios were always partially shaded,
thus offering an alternative to pedestrians during hot and cold seasons [42]. Compact urban
spaces with a low SVF or high H/W ratio positively impact environmental conditions.
Many studies confirmed a smaller SV decreases solar radiation penetration [43]. Finally,
in discussing urban permeability indicators’ relations, previous research shows that air
temperature, solar radiation, and wind speed levels in the dense urban fabric are mostly
less than those in the lower dense urban fabric in hot climates. This eliminates radiation
and reduces air temperature, which increases thermal comfort conditions [9]. Many studies
suggested dense urban areas with deep canyons have cooler climates than less lush urban
areas with shallow canyons [37]. Hung-Chu Chen et al. generally concluded that building
height, plot area, and normalized difference vegetation index are the essential indicators
for energy demand which is critical to relate the green economy and energy consumption
to the urban physical character [44].

1.6.2. Relationship between Urban Morphology Indicators and Socioeconomic Aspects

A deeper focus on sustainable socioeconomic aspects is required to address the urban
morphology indicators. Socially, responding to people’s social needs, promoting local
values, creating a stronger community, and building safe feelings and a sense of belonging.
Economically, achieving a green, prosperous, sustainable local economy, increasing prop-
erty values, and creating more work opportunities while facilitating the growth of small
innovative businesses [3].

The percentage of open spaces and space hierarchy is a product of the community’s
sense of privacy and social interaction. Plot size and ratios represent the family’s social
status within the community, enhancing the sense of belonging. Safety is negatively
affected by inactive narrow alleys defined by long fences. Similarly, a larger plot size
indicates higher property value and specific community aspects. It also impacts energy
consumption. The smaller the plot size, the better the proximity and accessibility, leading
to less energy consumption. Setbacks reflect social tolerance toward privacy. Buildings’
heights impact the sense of community for residents. Building size represents family
status within the community, small buildings are for simple families, and building heights
reflect the economic category. Multi-use buildings facilitate a striving economy for the
local community, resulting in active outdoor spaces. Property values are directly related to
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the quality of structure and finishing materials. Building density impact local economic
activities. Tall buildings increase the area of the outer shell exposed to the outside weather,
increasing energy consumption.

The path’s width impacts the sense of intimacy. Activities distribution enhances the
urban proximity. The street layout has a prominent role in the crime rates and feeling of
safety within urban spaces. Reflecting the social structure of the local community is paths
hierarchy. Degradation and segregation of paths affect the sense of belonging, intimacy,
and community feelings.

Additionally, they are highly linked to property value. Paths percentage and coverage
define urban accessibility, which contributes positively to energy consumption, while urban
permeability facilitates easier accessibility. Open spaces allow for more social activities
and interaction. In comparison, unprotected spaces increase thermal stress and eventu-
ally reduce outdoor activities throughout the summer seasons, especially during the day.
Long obstructing buildings affect wind penetration and the thermal comfort of outdoor
space users.

1.7. Framework for Assessing Urban physical Indicators on Aspects of Sustainable Urban

Table 1 presents a framework to assess the impact of urban morphology indexes
on these quality aspects of the urban fabric. The shaded cells represent the proposed
relationship between urban morphology indexes and urban sustainability features; The
darker the shade, the stronger the impact.

Table 1. The Framework of urban morphology indexes impact assessment on environmental, socio-

culture, and economic aspects.

Environment

Aspects Socioeconomic Aspects

Air Temperature
Wind
Humidity
Privacy
Proximity
Safety/Security
Community/Sense
Prosperity Values
Green Economy

of Belonging
Energy Consumption|

Plot Area
Plot Ratio (PR)
Plots Areas Percentage
Construction Ratio (CR)
Frontal Area Index (FAI)
Floor Area Ratio (FAR)
Building Height
Mean Aspect Ratio (Ac)
Path coverage area
Path Average Length
Paths Area Percent
Main Paths Orientation
Void Percentage
Urban Mass Average Path Width

Permeability Absolute Rugosity (Ra)
Sky View Factor

Weak Impact | | Moderate Impact | Strong Impact [

Plots

Buildings

Paths

2. Materials and Methods

The indicators of the four urban physical indexes, their definitions, and calculation
equations are detailed in Table 2; these four indicators of the physical characteristics of
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urban areas are plots, buildings, paths, and urban mass permeability [45,46]. Based on this,
selected plot indexes for characterizing the urban fabrics were total plot numbers per site
area, average plot area, and width-to-depth ratios. Jeddah city has hot, humid weather
for several months of the year; this was the reason for adopting the allowed construction
area ratio and the frontal area indexes for this study. The significant difference between the
historical and contemporary urban areas is that the new urban areas resulted from adopting
different building regulations [47]. The following buildings’ indexes were considered to
investigate the differences between urban fabrics: the floor area ratio, average height,
buildings built-up area, footprint, and mean aspect ratio of the building envelope to its foot-
print [48]. Historical vernacular fabric responded to social, economic, and environmental
needs [45,48].

Table 2. Urban morphology indicators.

Indicator Index Description Equation
Plots Average Plot Area The average area of plots. P,
Plot Ratios (PR) The ratio between the depth and width of Py
the plot.
. . CR =Y 4ij/s 1
Construction Ratio  The allowed construction area to the plot . L .]/ f the it .( ).
(CR) area where Aj; is the built area of the ij building,
) and S is the total plot area.
. . (P 11) = % (2)
Plots Areas The ratio between total plot areas and site here P. is the plot P is th b
Percentage (P,) area where P, 1s the plot area, P, is the number
: of plots, and Sa is the site area.
Af = Afacets/ Aplane ©)
The total areas of the building’s vertical =~ where A is the frontal area index, Ag,cets is
Frontal Area Index . . Lo, 1 . acets
ey(\p) surfaces facing the wind direction are the total areas of building vertical surfaces
YN divided by the building area. facing the wind direction, and Apjape is the
Buildings building area.
4 It represents the building density. It can FAR =Y, 4i/s 4)
Floor Area Ratio be calculated through the following where A, is the total building floor area,
(FAR): formula: the ratio of the built-up area to and S is the plot area.
the overall plot area. [19,32]
Bh =} Np W H ®)
- . - . here W is the average plot width, H is the
Building Height A building heights. w 8P '
Hticing Hielg verage butiding heighis average building height, and Np, is the
number of plots.
=Y. E
Mean Aspect Ratio The ratio between the building envelope }\C. Li (5 . (6)
(A<): area and the footprint area where (E;) is the building envelope area of
' ' the ith building, and S is the total plot area.
The total site area is divided by the _
Paths Path Coverage Area number of paths. Pc=S,/Pn (7)
Road Average Length Average main paths length. Ry
p= Psth,, (8)
a
Paths Area Percent Total roads area percent of the site area. where By, is the total road area, and Sa is
the site area.
Main Paths

Orientation

The direction of the main paths in angles.

Or
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Table 2. Cont.

Indicator Description Equation
V= FP*S aPn (9)
Void Percentage Percentage of unbuilt areas of the test site. whe.re FP is ’fhe. average building foo’Fprlnt,
Py, is the Building Numbers, and S, is the
site area.
Average Width The average width of paths. Py
Urban Mass
Permeability Ry = Li(AiNi)AH/S (10)

Absolute Rugosity ~ The average height of obstacles that resist ~ where Ni is the average building’s floor

the wind over the urban area. number, and AH is the average building
height.
] The ratio of the received radiation on the SVE=1-Y" sin B2 (ﬁ) (11)
Sky View Factor: ground surface to the total received

radiation by the entire hemisphere [19]. where 1 =360/«

Moreover, good ventilation and less penetrating solar radiation in outdoor spaces
were the motives to include the following indexes of paths: number of routes within the
site, average length, urban canyon ratios, path percentage of the total site area, main paths
orientation, and slope. MENA historic centers have a unique character: condensed urban
mass with narrow paths [5]. Permeability indexes can be used to discern the degree to
which factors exist between different fabrics, especially between the historic area and other
types of urban fabrics. The void percentage of the urban mass, paths” average width, the
Absolute Rugosity (AR), and the SVF directly impact solar radiation penetration within
urban spaces are the permeability factors [40,45,49].

2.1. Case Study
2.1.1. Jeddah Overview

Jeddah is the second-highest populated city in the Kingdom, with 4.3 million [50].
Jeddah city is doubled in size several times over the last century. The city is under a
significant development project, where the UNESCO-nominated historical center of the city
is under a restoration and reuse project. The surrounding deteriorated old urban areas were
demolished and subject to an urban replacement development policy. Figure 3 shows the
historical site and the demolished deteriorated area. New designs have not been concluded
yet. The local authorities and the strategic 2030 Kingdome vision require a sustainable
design approach for this development. The timing of this study gives its results extra
attention from local academics and professionals.

The city is located on Saudi Arabia’s west coast of the Red Sea at latitude 21.4858° N,
39.1925° E. It is considered within the hot-humid region [50]. Figure 4 illustrates the critical
climate data extracted from the king Abdul-Aziz airport weather station. Figure 4a shows
the wind directions. It usually blows over the city from the Northwestern and western
directions due to its coastal location on the shore of the Red Sea. As shown in Figure 4b,
the average temperature ranges between 18 and 39 °C; in rare periods, it goes below 16 °C
or above 46 °C. The sky is clear most of the time, with a 2 to 18% cloud cover. Figure 4c
illustrates that the air is mainly humid, with a relative humidity range between 30 and 89%.
High seawater temperatures during summer make it the Humid season. Solar angle is 40°
between 10:30 and 13:30 throughout the year, with direct radiation ranging from 800 W/m?
to 1000 W/m? in the summer [51].
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Figure 4. Jeddah primary climatic data (a) Wind rose; (b) Relative humidity; (c) Dry bulb temperature.

Jeddah'’s contemporary urban morphology shows a consistent pattern and spatial
organization. Masoud et al. noted that Jeddah’s urban fabric is mostly a gridiron, with
the historic urban center and the sprawls being about 5%. The rest of the urban areas
are oriented as follows: 15% of the city’s urban area is oriented Northwest-Southeast,
60% to North-South, and 20% Northeast-southwest [51]. In their analysis of Jeddah’s
development, several researchers illustrated the city’s development starting from 1850
up to this day [3,51-54]. Abdulaal identified six sequential phases of the city shown in
Figure 5 [53], while Masoud presented only four stages with different time sequences [51].
Analyzing the morphology of the urban expansion characteristics, Masoud et al. identified
fabric typologies from the seventies era that have similar gridiron with different urban
attributes in terms of building heights and density. Based on the given phasing of the
city’s growth, this study attempts to compare the urban characteristics of urban samples
representing the six phases suggested by Abdulaal [53]. Each one of the urban expansions
of Jeddah city reflects the socioeconomic condition of the city in its related era. Its urban
came as a reflection of dictating socioeconomic factors. The historic city was founded as
the main port of the red seashore. The first recognized expansion of the historic city started
during the sixties after demolishing the city walls, directly after the formation of the Saudi
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1948

Al-Nazala

Kingdom [1,3,53]. Later during the seventies, the first oil price boom led to a significant
socioeconomic change reflected by the need for new urban areas that better accommodate
modern western-style services [6]. During the eighties, the newly implemented compact
city urban policy changed the existing urban areas, increasing the densities and once again
reducing the quality of the existing districts. New urban areas with less dense areas were
constructed to meet the socio-cultural needs of residents [7,21]. The same pattern with
repeated during the nineties. At the end of this millennium, a new oil boom resulted in the
need for another phase of districts with fewer building densities, more services, and larger
open spaces [55].

1960 1970 1980 1990 2000

Figure 5. Jeddah’s urban growth over the last century (Black areas presents the extension of urban
area).

Two oil prices are booming [2], reflected differently in the resulting urban physical
character. During the seventies boom, there was a need for housing units for expatriates.
At the beginning of this millennium, the trend was set to low-height buildings and fewer
dense neighborhoods with large green areas and facilities [2,53,54].

Based on analyzing Jeddah’s urban growth and fabric characteristics, six urban sam-
ples were identified to represent the different urban fabrics of the city. Figure 6a illustrates
the selected six sites and their relation to the city’s growth phases. Figure 6b shows the
historic city center and the UNESCO-listed buildings that will be the control sample.

(a) (b)

Figure 6. (a) Jeddah city identified six urban expansions over the last century and the selected urban
case studies; (b) Limits of Jeddah historical center with listed buildings in dark color.

2.1.2. Study Sites

Study cases were selected to fulfill the following criteria: belonging to one of the six
identified city urban expansions, residential land use, multi-housing units, a defined site
with clear borders, and a total area of about 500 x 500 m.
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Figure 7af illustrates the urban fabric of the selected six sites. Figure 7a: The first
site, the Al-Balad site, is the historical area once bounded by the city walls. It is mostly
housing units with commercial activities along the main alleys of the site. Figure 7b:
the second site, the Al-Nazala Al-Sharqiah, is part of the vernacular urban expansion
outside the historic city’s walls. Figure 7c: The third site, the Musharaf district, represents
the urban extension that belonged to the seventies that was impacted by the oil boom
and its accompanied socioeconomic changes. Urban of this era had high densities, the
tallest residential buildings, and the largest plot areas. Figure 7d: the fourth site is the
Al-Fiasalia site which represents the eighties with its sizeable economic gross and the need
for high-density housing to fulfill the requirement of the housing market to accommodate
expatriates and their families that came to the city for work. Figure 7e: The fifth site is the
Al-Neem which is part of a city neighborhood where city residents moved from the old city
to less congested housing areas. The area has wider streets, small plot areas, low building
heights, and more facilities and services. Figure 7f: The last site is the Al-Mohamdia
area, one of the newest areas with low-density housing and more facilities and services,
including large outdoor spaces and central green areas. Al-Naeem and Al-Mohamadia
sites were symmetrical and had the same characteristics in the plot area, building height,
and built-up area, so a portion of the site that matched the other site areas was defined
for analysis.

Figure 7. Selected six sites representing the six growing phases of Jeddah city. (a) Al-Balad—Before
1948; (b) Al-Nazalah—1960; (c) Musharafa—1970; (d) Al-Faisalia—1980; (e) Al-Neem—1990; (f)
Al-Mohamdia—2000.

The base map was obtained as CAD files from Jeddah Municipality for educational
use. The author collected the historic center of Jeddah city data through physical surveys
between 2015 and 2020 that were updated in 2021 as course materials for GIS postgraduate
courses in Effat and Umm Al-Qura Universities. The author surveyed all physical data of
other sites in 2022. Factors of the four main physical urban characteristics” plots, buildings,
paths, and urban mass were selected as urban indexes, and their equations were modeled.
ArcGIS 10.5 was used to calculate the detailed indexes, a geodatabase of the six sites was
built, and the six areas information was collected and entered. Calculations were modeled
and run, and the generated indicators shown in Table 3 were extracted from the 2D and 3D
models and the GIS database. A significant difference was identified in the historical area
between the protected listed buildings and the rest of the historic center in plot areas and
building heights due to the applied regulations for these areas. For this reason, a decision
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was made to stick to the UNESCO-listed site rather than the historic center. Building
heights of the demolished Al-Nazlah urban area were collected from the historical maps of
Google Earth.

Table 3. The results of the selected six study sites represent Jeddah City Growth Phases.

Al-Balad Al-Nazala  Mushrafa  Al-Faisalia @~ Al-Neem  Mohamdia
1948 1960 1970 1980 1990 2000
Total Site area 169,010 249,799 251,992 334,745 235,053 278,352
Plot Numbers 785 925 189 416 191 330
Plot Area 148.2 194 840 506 675 504
Plot Plot Ratio (PR) 1 1 0.93 0.96 0.93 0.88
Plots Areas Percentage 69% 72% 63% 63% 55% 60%
Construction Ratio (CR) 1 1 0.8 0.8 0.6 0.6
Frontal Area Index (FAI) 0.88 0.6 0.2 0.32 0.15 0.27
Buildings Floor Area Ratio (FAR) 1 1 0.8 0.76 0.64 0.57
Building Height 10.88 9.67 14.27 13.48 8.35 11.43
Mean Aspect Ratio (Ac) 1.93 3.05 3.37 2.84 248 3.69
Path coverage area 4829 3785 22,908 15,940 47,011 39,765
Path Average Length 2449 225 204 249 210 413
Paths Paths Area Percent 35% 31% 12% 31% 18% 15%
Main Paths Orientation irret%uvl\?ssiast é;gi?&:t North North 1\‘1/3:};};_ NV(\)]:::—
Void Percentage 31% 29% 51% 49% 53% 48%
Urban Mass Average Path Width 7.2 52 15 16 22 24
Permeability  Apsolute Rugosity (Ra) 0.7 1.74 1.61 1.94 1.69 1.93
Sky View Factor 0.37 0.46 0.42 0.45 0.6 0.64

Urban fabric classification was defined through several steps: Firstly, a 2D drawing of
each of the six urban samples of Jeddah city expansions was extracted from the Geographic
Information Systems developed by the author. Secondly, a 3D model of buildings was
built for each site using Rhino 7.5 and Grasshopper 1.0.000.7 for SVF calculations. Thirdly,
geodatabases for the case studies were developed using Esri ArcGIS 10.5. Finally, urban
indicators were modeled, and variables for each case study were generated from the
collected urban datasets.

3. Results and Discussion

Results in Table 3 show similarities in urban fabric indicators between the Al-Balad
and the Al-Nazala area. Plot indicators’ values show similarity in plot areas, number of
plots, and plot ratio, while the FAI for the historic center is higher than in the Al-Nazlah
area. Both sites have the same value as the floor area ratios (FAR) (and “one” value for the
building indicators). A very similar footprint, building heights, built-up area, and mean
aspect ratio. Paths indicators showed a similarity in orientation, slope, urban canyon ratios,
and road area percent. For mass permeability, identical void percent and path width can be
noticed. At the same time, the historic center indicators have better values in the SVF and
the Absolute Regrosity (Ra) indicators. Indicators of the two new urban expansions, the Al-
Naeem and the Al-Mohamadia sites, show similarities. The indicators reflect a low-density
urban fabric with large (SVF) and exposed outdoor urban spaces. These indicators’ values
are very different from the historic area indicators.
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The indicators of Musharafa and Al-Faisalia areas are moderately built-up areas with
the tallest buildings. A low FAI allows the wind to move freely through the urban fabric
of the gridiron from north to south and does not help the western wind to ventilate the
sites. Urban canyon indicators show that outdoor spaces are moderately protected from
radiation.

Based on the framework suggested by this study for relating the urban morphology
indicators to sustainability aspects of urban, the following section highlights the results
and their implications on the characteristics of each of the six case studies.

Al-Balad plot indicators showed that the site has the smallest average plot area with
an average of 148 m? and the second-highest number of plots with a total of 785 parcels. At
the same time, buildings are built on 100% of the plot area with the highest construction
ratio. Plot areas constitute 69% of the historical center; at the same time, homes have private
outdoor spaces such as inward open spaces, “courtyards,” and visually protected traces of
“Kharajah,” allowing for family outdoor activities while maintaining family privacy. Three-
to four-floor buildings with an average of 10.88 m, the smallest mean aspect ratio (1.93),
and the highest FAI 0.88 reflect a dense urban mass with minimum public spaces. Such
urban mass provides maximum protection from sun radiation and wind obstruction. The
second narrowest urban canyons among the studied sites, with a 7.2 m average width and
the smallest SVF equal to 0.37, provide maximum protection to outdoor public space users
from direct sun radiation [56].

Moreover, irregular paths with main paths going from east to west create permanent
shaded outdoor areas. Notably, the 244.9 m main paths’ average length is almost the same
as the average of the rest of the sites, which provides a walkable urban block with good
accessibility. The urban volume represented by the Absolute Rugosity ratio of 0.7 is the
smallest compared to the other sites, which positively impacts energy consumption [44].

The Al-Nazlah Al-Sharqiah site has plot indicators similar to the Al-Balad site with
slight differences where the average plot area is about 194 m? and the floor area ratio of
1, and a condensed urban mass with a 29% void ratio. This reflects an urban area with a
solid mass that can be considered an expansion for the Al-Balad area, has the same open
space structure and percentages, and fulfills all the environmental and socioeconomic
requirements. Despite that, the 0.60 FAI is smaller than Al-Balad; it is still far smaller than
the average of the six sites. The frontal Area Index, along with the 9.67 m average building
height and the 1.0 construction ratio, provides the same thermal protection for outdoor
users from weather conditions [34,51]. The paths are irregular, with the smallest average
width of 5.2 m, and the main paths oriented from east to west allow for protection from
wind penetration and full-time shaded outdoor spaces. At the same time, main paths
allow sea breath from the west to move through the urban mass. The Al-Nazlah and
Al-Balad areas have minimal path coverage compared to the other sites, reflecting good
walkability and accessibility and better outdoor spaces for socioeconomic activities. It is
worth mentioning that both areas do not easily accommodate vehicle movement within
most of the site blocks.

The Mushrafa site, with its 840 m? plot area, has the largest plot area among the other
sites, the tallest average building height of 14.27 m, a Floor Area Ratio of 0.80, and the
largest Mean Aspect Ratio of 3.37. These indicators make this site the most populated site.
With 37% of the site area dedicated to streets with an average width of 15 m and total
outdoor spaces of 51%, including setbacks, the area is considered the densest site among
the six samples. The urban fabric is composed of a gridiron pattern. The main paths are
directed from north to south with a moderate SVF of 0.42; this implies that outdoor spaces
are partially protected from solar radiation, while the urban mass does not provide enough
protection from unpreferred wind penetration.

Al-Faisalia plot indicators showed that the site has a moderate plot area compared
to the other sites, with an average of 506 m?2, similar to the number of plots with a total of
416 parcels. Construction ratio shows that buildings are built on 0.8 of the plot area with a
Floor Area Ratio of 0.76. Plot areas constitute 63% of the site. Buildings have an average of
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13.48 m, a Mean Aspect Ratio of 2.84, and a moderate FAI of 0.32, reflecting a permeable
urban mass with a 49% void ratio. Such urban mass provides minimum protection from
sun radiation and wind obstruction. An average urban canyon’s width among the selected
sites, with a 16 m average width and SVF equal to 0.45, provides the least protection to
outdoor users from solar radiation [40,49]. As for the urban fabric, the gridiron pattern
with main paths going from north to south with 16 m width does not provide the needed
shade for outdoor users. Notably, 249 m main paths” average length is almost the same as
the average of the rest of the sites, allowing for accommodating vehicle movement with
good accessibility. Unlike the Al-Balad area, the lack of extended shade and solar radiation
does not support socioeconomic activities during the day within the outdoor spaces. The
urban volume represented by the Absolute Rugosity ratio of 1.94 is the highest compared
to the other sites, negatively impacting energy consumption [44].

Al-Neem has the largest average plot area of 675 m?, a comparatively small Floor Area
Ratio of 0.64, and the smallest Construction Ratio of 0.6, which means that the urban mass
is segmented and segregated. Plot areas are only 55% of the total site area, reflecting a
permeable urban mass with the largest void ratio of 53% of the entire site. These indicators
show that both the buildings and the outdoor spaces are exposed to solar radiation causing,
exposing the users to thermal stress. At the same time, Buildings have the shortest height
with an average of 8.35 m, the second smallest Mean Aspect Ratio of 2.448, and the smallest
FAI of 0.15. These characteristics provide the least sustainable urban in terms of providing
a suitable environment to accommodate outdoor users’ activities.

Moreover, the site has the second most expansive urban canyons among the selected
sites, with a 22 m average width and SVF equal to 0.60, providing the least protection to
pedestrians from solar radiation [12,51]. As for the urban fabric, the angled pattern with
central space contains the neighborhood services, including the garden. This centrality
does not well serve the community in terms of walkability and privacy. The paths going
from north to south with 16 m width do not provide the needed shade for outdoor users.
Notably, 249 m main paths” average length is almost the same as the average of the rest of
the sites, allowing for accommodating vehicle movement with good accessibility. Unlike
the Al-Balad area, being exposed to high temperature and humidity does not support either
walkability or other socioeconomic activities during the day within the outdoor spaces
for several months of the year. The urban volume represented by the Absolute Rugosity
ratio of 1.93 is the second highest compared to the other sites, negatively impacting energy
consumption [44].

Mohamdia is the newest built site of the six selected sites. Plot indicators showed that
the site has a moderate plot area compared to the other sites, with an average of 504 m?.
With the lowest Construction Ratio at 0.6 and the lowest Floor Area Ratio at 0.57, outdoor
spaces of about 40%, and total void within the urban mass equal to 48%, this site is badly
exposed to the climate conditions of the hot, humid weather. Four-floor buildings with an
average height of 11.43 m, the highest Mean Aspect Ratio of 3.69, and a moderate FAI of 0.27
characterizes a permeable urban mass with a 48% void ratio. In urban environments with
these indexes, surfaces are exposed to solar radiation. The highest street width at 24 m and
SVF equal to 0.64 represents the least protection for outdoor users from solar radiation and
thermal heat among the rest of the six study areas [40,49]. This site shows the urban form
of a western-style neighborhood where spaces are designed for vehicle movement with
structured central spaces. The Urban area presents a fabric that accommodates services
with wide streets from the Northeast to the southwest. Such spaces do not provide the
needed shade for pedestrians or socioeconomic activities. Unlike the Al-Balad area, this
fabric does not support sustainable activities for several months of the year. Moreover, the
urban volume represented by the Absolute Rugosity ratio of 1.93 is the second highest
compared to the other sites, negatively impacting energy consumption [44].

Based on the analysis of the six case studies, it was proved that the historic area, with
its small SVF and condensed urban mass, protects outdoor users from solar radiation
penetration. At the same time, three to four-floor building heights and the east-west main
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paths allow the sea breeze to pass through open spaces, helping to reduce the humidity
within these spaces. In her study, Masoud et al. also reached a similar conclusion regarding
the impact of the dense urban mass of the Al-Balad area on reducing solar radiation
penetration and providing better pedestrian thermal comfort [51]. The outdoor spaces’
structure allows for social and economic activities to flourish while maintaining privacy and
other social requirements. The narrow paths do not support vehicle movement, creating a
problem in providing services for the area residents. In line with this, David et al. noted
that the area suffers from traffic, parking, and waste disposal issues [22].

According to their analysis of local socio-cultural aspects and weather conditions,
Fatani et al. argued that 200 to 300 m is an adequate walking distance for Saudis [21].
The results of this study proved that, except for Muhamadia, the main paths’ lengths of
all the sites are walkable. In addition, Fekry et al. presented that 82% of their survey
participants feel safe walking on the Jeddah streets when there is a clear separation between
pedestrians and vehicles and shaded walkways [47]. Al-Balad and Al-Nazlah Al-Sharqia
sites have shaded alleys that cannot accommodate vehicle traffic, so pedestrians feel safe
walking there. Hassan investigated the results of implementing compacting policies on
the urban configuration of districts developed during the seventies and eighties. He
concluded that the resulting densification policy implemented by the Municipality led
to population densities increasing drastically in the affected districts. As a result, the
overloaded infrastructures caused many social and physical problems, such as frequent
power cuts, water pipes explosions, and lack of privacy due to the compactness and rising
densities [55].

Musharafa and Al-Fisalia case studies belong to the same era and suffer from similar
issues. The results of this study show that due to implementing such policies, both areas
indicate severe urban problems regarding their Mean Aspect Ratio, building heights, and
Absolute Regrosity, showing less sustainable urban fabric in terms of environmental and
socioeconomic aspects.

In a study based on an expert survey, Fatani et al. revealed that linking the neigh-
borhood to adjacent ones will increase social interaction and economic base. Moreover,
she concluded that commercial facilities in the neighborhood would benefit both areas’
residents and adjacent ones. This conclusion goes with this research proposal to design the
demolished urban areas surrounding the historic center of the Al-Balad area. Preserving
the spatial characteristics of the historical urban environment and the social dimension
grants sustainable development [57].

4. Conclusions and Recommendations

The study demonstrated that urban fabric could be presented comprehensively by
analyzing the relationship between physical indicators and the distribution pattern of
their impact on urban sustainability. This paper uses quantitative indicators to examine
the classification of urban fabric based on its physical characteristics utilizing nineteen
indexes. The main indicators were plots, buildings, paths, and urban mass permeability.
Moreover, the study introduced a framework to relate the urban morphology indexes
to urban sustainability, highlighting environmental and socioeconomic aspects. Six sites
representing Jeddah expansion phases were selected for investigation. Jeddah’s historical
center urban fabric was used as a control sample to be compared with other urban fabrics
representing city expansions through the past century.

Results indicated historic center (Al-Balad) and the demolished neighboring vernacu-
lar urban area (Al-Nazala Al-Sharqgia) have similar physical characteristics. Both fabrics
fulfilled the environmental and social requirements. They provide a good environment
to accommodate active outdoor economic and social activities. The two urban sites from
the seventies (Musharafa) and eighties (Al-Faisalia) were subject to compact urban poli-
cies, negatively impacting the urban indexes and qualities. The resulting urban mass
has high-density buildings with comparatively fewer services being provided due to the
compactness of the urban. This is compared to the older versions of these areas. Moving
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on to the nineties (Al-Neem) and the 2000s (Mohamdia), these sites exhibited a more
western-style urban design with urban physical indexes that showcase a negative response
to the environmental aspects. It was found that the high percentage of open spaces does
not support social interactions or economic activities.

As it is possible to rely on urban heritage as an economic development resource for
the neighboring urban areas, that is, taking into consideration all factors to guarantee
the sustainable development of such areas [58]. Although it is challenging to copy the
historical urban fabric to neighboring urban developments considering socioeconomic and
environmental factors, the surrounding area has to make a smooth transition in the urban
character in terms of plots, buildings, paths, and urban mass permeability. Policymakers
have to consider the following strategies in their development plans for the urban areas
surrounding historical centers to achieve a smooth transition between the historic fabric
and the rest of the contemporary city urban areas:

e Plot divisions and building setback regulations that ensure permeable urban mass,
allowing for free wind movement.

e  Building regulations should maintain a gradual increase in building heights, starting
at a low point next to the historic center to achieve a homogeneous skyline.

e New developments in surrounding areas’ open spaces need to be structured simi-
larly to the outdoor spaces of the historic area, providing narrow shaded pedestrian
dedicated paths to encourage vigorous outdoor social and economic activities.
Matching and linking existing urban paths to the new development paths.

While developing the area surrounding the historic center, consideration should be
made to include services that serve the historic area and the new developments.

e  Land use should benefit from the historic center as a commercial asset and complement
the existing activities within the historic center.

In conclusion, one of the principal contributions of this study is that it presents
a structured, modular set of quantitative urban indexes to analyze urban morphology.
Moreover, the suggested framework links these indexes to the urban sustainability aspects.
At the same time, the developed dataset allows easy and fast comparative analysis for the
urban fabrics of Jeddah city, which provide the base for improvement to the city’s urban
characterization. The suggested design guidelines are designed to be applied to other
regional cities.

The main limitation of this type of study is the data accuracy, especially historical
satellite images, on which the analysis is based. Care was taken to ensure that the used
data were accurate and up to date to produce reliable results. Another limitation was the
difficulty in utilizing an equal sample size to make it possible to compare. Analysis based
on ratio indicators helps achieve comparable results.

Moreover, there is a research gap in utilizing interdisciplinary work during the design
phases [32]. Further analysis of the urban thermal performance of different fabrics of
urban areas, especially the historical and vernacular fabrics within the MENA region, is
required since it is the most crucial factor affecting pedestrian activities in terms of their
type, time, and necessity [3]. Another field for future study is the potential of utilizing local
socio-culture aspects as an economic asset for sustainable development and their impact on
the business models of any adaptive reuse of the historical centers and their surrounding
urban areas.
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