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Featured Application: This study evaluates the importance of adopting local climatic factors,
social and cultural requirements as a basis for sustainability indicators in the urban fabric.

Abstract: One of the most important criteria for a city’s sustainability is climate adaptation. Si-
multaneously, traditional cities in West Asia have achieved harmony between architecture and the
environment, depending on the experience and culture of the local community, indicating a fun-
damental stage of adaptation to the environment and climate. This research attempted to study
and examine the traditional urban fabric, in order to diagnose its significance and ability to solve
contemporary problems, such as the lack of comfortable and suitable urban housing environments in
hot—dry climate areas, which cover most of West Asia. We used two research methods to create an
integrated vision to investigate the indicators and their effect on urban form. Four case studies in
the urban fabric and housing communities of West Asia’s hot-dry research areas were chosen for
the analytical study. Furthermore, inductive analysis was carried out to determine the most critical
sustainability parameters in the particular urban fabric. The climate response parameters of the
study cities were evaluated using Ecotect simulation tools, and the determinants of sustainability
indicators were quantitatively evaluated to assess each indicator’s impact on the sustainability of the
urban fabric. Our findings have implications for assessing the relevance of climate adaptation in the
sustainability of cities and their effectiveness in combating the impacts of climate change.

Keywords: sustainable indicators; urban fabric; climate adaptation; West Asia cities

1. Introduction

Several researchers have opined that cities must rise to face climate change [1-6].
Climate change is a major concern for cities, due to its severe effects and inherent com-
plexity [7], and has been associated with increased emissions, one of the causes of which
is excessive consumption in cities and an increased demand for energy from the building
sector [8]. As a result, cities are sites of excessive energy and resource use, waste and
pollution production, crime, deprivation, and social and cultural instability [9]. Cities
occupy approximately 2% of the Earth’s surface and represent 60-80% of the global energy
consumption. The world’s urban population increased from 220 million to 2.8 billion in
the twentieth century, and it is expected to rise to 6.9 billion by 2050 [10]. At present, more
than half of the world’s population lives in urban areas, with cities emitting 75% of the
global carbon dioxide due to energy use [11]. According to the United Nations Report on
the International Strategy for Disaster Reduction (2015), 75% of those affected by disasters
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due to climate change over the last twenty years are in Asia [12]. Extreme weather events
related to climate change are likely to lead to an alarming increase in the number and
scope of disasters in the future. In order to be ready for these changes and the effects
that they will have on natural systems and human societies, there is an urgent need for
climate adaptation [13], and it has become necessary to take immediate action to avoid
intergenerational effects. Due to the escalating population and high economic growth
level, West Asian countries are experiencing rapid urban and infrastructure expansion,
especially concerning residential districts. This has caused increasingly complex environ-
mental problems and severe risks from climate change impacts, threatening ecosystems,
economics [14], and infrastructure that depends on natural resources [4]. West Asia has a
large geographical area and significant diversity in climate; however, arid climates prevail
in this region. Furthermore, although the region has a rich historical culture and heritage,
an abundance of natural energy, and rich oil and gas fields (representing approximately
half of the world’s reserves), many countries in the region suffer from developmental
problems, such as a significant deficit in the production of electricity [15-17].

These risks have led to an imperative need to study the concept of sustainability
concerning the urban fabric. The idea of sustainability refers to environmental suitability,
the rational use of resources, and the optimal utilization of natural energies to achieve
environmental harmony through adaptation and mitigation strategies [18]. Sustainable
planning promotes the transformation of cities into green environments and reduces the
environmental problems caused by urban development [19], and traditional buildings
in the past constitute outstanding evidence of their being responsive to the climate [20].
It has also been considered a product of the innate activities of humanity since ancient
times, as it is inspired by nature and as the upbringing of humankind was linked to the
environment and the nature around them, in order to be able to survive and adapt to
different environmental conditions. Thus, it is believed that many traditional cities in West
Asia were built in line with natural and climatic forces, respecting the rights of citizenship
in society, and ensuring the right of generations to resources and preservation, according
to Islamic legislation [21]. Traditional architecture has an immense amount to tell us about
how to achieve sustainability. It uses energy far more efficiently and effectively, and can
produce forms and techniques more benign than anything we have created in current
architectural practice [10,20,22].

Moreover, traditional architecture is considered to more realistically depict environ-
mental architecture, as it makes use of the practical advantages of the elements of the
natural environment, as well as its local climate and local environment [20,23-25]. Further-
more, it is able to form unique characteristics and identities, preserving and developing
them through the transfer and accumulation of experiences of different generations, then
developing architectural elements to achieve climate adaptation and the exploitation of lo-
cal environmental resources in building materials and construction methods as a reflection
of the available resources and the community’s culture and traditions, in a way that suits
the local climatic and environmental factors [26]. The dynamic adjustment feature with
changing climate conditions is the intelligent key to achieving sustainability in traditional
architecture. Therefore, these innovative formulas represent a record of the accumulated
experiences, as effective results of long human experiences and reflecting the needs of
humans when facing harsh climatic conditions [25]. Therefore, it becomes necessary to
establish systems utilizing strategies that make the environmental situation of the problems
of these areas their main focus, thus reaching the best solutions at the level of planning and
design for the urban fabric of the district and residential complexes [27]. To become sustain-
able, cities must consider many factors related to resources and solutions to environmental
problems and evaluate environmental solutions by modifying and developing them and
linking them to sustainability principles to achieve current and future requirements [10].

In order to assess and measure sustainability in traditional cities, indicators must
be used, which are performance measures that gather information in a usable form [28].
Urban environmental sustainability is the balance of human activities in urban systems with
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their environmental resource base [29], where cities serve as model socio-environmental
systems, which require the ability to adapt to the climate, in order to improve the city’s
environmental functions and its ability to cope with climate change [12]. Humans have been
adapting to the changing climate around them for centuries, as adapting to climate change
entails taking the right measures to reduce the negative effects of climate change (or exploit
the positive effects) [6]. Many cities with fragile environments surrounded by deserts
and high UHI, which may make urban living uncomfortable, do not benefit much from
mitigation strategies involving high energy consumption; as such, adaptation strategies
are an imperative option [30]. Some cities are increasingly integrating climate adaptation
priorities into planning and development policies, but urgent adaptation measures are
needed to protect critical urban infrastructure in light of the increasing impact of projected
climate changes [31]. However, there is still a significant gap in understanding climate
adaptation and how to develop climate adaptation solutions, in order to improve the
response to climate change in the long term. In addition to the many challenges faced by
the implementers of these solutions [32], city planners and building designers can be pivotal
actors contributing to climate adaptation, drawing on the personal experiences, beliefs, and
values of local communities, which can determine how to accept and implement climate
adaptation practices [7].

The present article describes a study based on deductive induction and computer
simulation, in order to verify the urban fabric’s sustainability indicators in West Asian
traditional cities, through a case study of four selected cities. Our aim was to explore
the relationship between the form and components of the traditional urban fabric and
the achievement of climatic and social requirements, particularly those which constitute
indicators of sustainability for the traditional urban fabric. These indicators were deduced
according to the analysis of the physical components, dimensions, size, and shape of the
urban fabric, the shape and quantity of road networks, land uses, types of buildings, and
various techniques to confront the arid desert climate, based on the results of a literature
review of previous research. Then, we conducted a quantitative analysis to determine the
impact of each indicator and the relationships between the indicators. We do not look at
transferring old standards and returning to the past but, rather, verifying how these innate
techniques were born, grew, and developed through many years of accumulated experience
to deal with the climate by the peoples of the region. Through this, we relied on innate
and natural determinants to achieve harmony between architecture and the environment,
thus achieving climate adaptation and mitigating the effects of climate change, which has
become severe. At the end of the study, we summarize the most important indicators that
we believe have achieved sustainability for the urban fabric of the study cities, which can
be developed and integrated with modern planning and design standards, according to
technological advances and the spirit of the age. These indicators can be manipulated
to include most of the similar dry areas and determine the values, effectiveness, and
integration of indicators, in order to guide planners and designers in the future.

2. Materials and Methods

This study seeks to verify the impact of climatic and social factors on reaching sus-
tainability indicators to achieve climate adaptation and set basic standards for planning
climate adaptation in West Asia. Four cities were selected from separate places in the
study area (West Asia), in order to include various climates, urban diversity, and climate
treatments. The inductive and case study methods were used to study the urban fabric
of traditional cities and infer the associated sustainability principles. With this study, we
intended to build a knowledge base towards climate adaptation cities. Thus, we con-
ducted research with reference to the rich history of human experience, concentrating
on traditional architecture located in hot-arid climates in West Asia. We considered the
traditional architecture of four cities—Yazd, Baghdad, Damascus, and Sana’a—as examples
in the study region, both culturally and climatically; however, this area is the center of this
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study, and the primary approaches can be used in other hot-dry climate regions to develop
sustainability strategies.

The urban fabric reflects the morphological structure of the physical elements within
a particular area. Ground shape analysis is usually used as a traditional method for
understanding the urban fabric, by examining the shape of building blocks in isolation
from climatic conditions and the impact of non-built urban spaces. This paper attempts
to integrate multiple unified indicators to conduct a quantitative measurement of the
urban fabric with all its components, such as buildings and other urban spaces, and its
relationship to climatic and social factors. Furthermore, a computer simulation method was
used (Autodesk Ecotect Analysis 2011) as a procedural evaluation to verify the degrees of
influence of the urban fabric in responding to climatic factors by examining the following
parameters: (1) incident solar radiation and total radiation on blocks; and (2) shading hours
on facades and shading levels on streets and urban spaces. By testing these parameters in
all study cities (summer and winter), we assessed climate adaptation via the urban fabric
and climate treatments. This led us to generate standards for sustainability indicators
according to climate adaptation. Finally, we conducted a partial quantitative analysis by
testing the application of indicators to the urban fabric of the study cities through ten factors
for each indicator, by which we determined the effectiveness of the indicators to study the
percentages of each indicator’s effectiveness in urban fabric sustainability and compared
the impact of the indicators on the urban fabric of the study cities. Thus, determining the
sustainability of the urban fabric for each study area and effective sustainability indicators
depends on climate adaptation as shown in Figure 1.

L1

i Theoretical background

climate urban
adaptaiaon < fabric

|

e case studies
procedural steps

Figure 1. Methodology steps.

3. Analysis of the Selected Case Studies

In this section, we discuss the procedures and steps that we followed to achieve the
research objectives. We start by describing and defining the research case studies, inductive
analysis of urban fabric elements and composition, and the computer simulation analysis.
After this, we discuss the results of the computer analysis to determine the indicators of
sustainability in the traditional urban fabric of West Asian cities; we then measure the
relationship between indicators, determine the effectiveness of each indicator, and, finally,
extrapolate and analyze the results.

3.1. Case Study Selection

The research was based on the deductive analysis method, through analyzing previous
studies and research to determine the case study related to traditional natural climate
adaptation. Four residential districts were selected from traditional cities, considering their
climatic and spatial variation. The case study’s functional dimension was restricted to the
old residential district, in order to achieve the research objectives. The spatial dimension
was considered to include cities that are far apart, such as the east, west, north, and south
of West Asia, and within hot-dry and semi-arid regions.

The case study areas were selected as follows:
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i. A residential district, old Yazd,;

ii. A residential district, Al-Kadhimiya region, Baghdad;
iii. A residential district, Old Damascus; and

iv. A residential district, Sana’a old city.

The rationale for this choice lies in covering the various patterns of the urban fabric of
traditional cities in West Asia, under the same natural conditions, and given the fact that
the old districts in the four cities still retain most of the characteristics of the physical and
traditional form. They have been continuously inhabited for several centuries, emphasizing
the long-term fulfillment of people’s social requirements, even achieving the required
adaptation, despite the climatic and social differences throughout this long period.

3.2. The Case Study Description

This section provides a detailed description and analysis of the selected areas.

3.2.1. The Center of Old Yazd

Yazd is a unique historical city located in the middle of the Iranian plateau, character-
ized by its unique architecture. It contains many wonders and historical buildings, narrow
alleys, winding streets, unique houses, various mosques, and many public buildings and
markets. It is also distinguished by unique architectural elements, such as wind towers,
internal courtyards, domes and vaults, a diversity of urban and architectural components,
and a unique urban fabric [33].

3.2.2. The Al-Kadhimiya Region, Baghdad City

The Al-Kadhimiya region was first formed on a religious basis. The city’s spatial
organization was based on an important religious center of the Islamic world, such that
the residential district was concentrated around it, forming an organic urban complex
that resembles a circular shape. At the same time, the surrounding streets represented
the borders of the area. The area is characterized, in general, by a compact organic urban
fabric. The dwellings are close together, separated by narrow, twisted alleys shaded by the
adjacent housing. Shanashel and its containment of open urban public space, together with
the inner courtyard, forms an integrated environmental system.

3.2.3. Old Damascus

Damascus’s planning was influenced by Islamic architectural features, as it shifted
from the grid style to the compact style. The housing units are distinguished by compact-
ness, separated by only narrow, twisted alleys, which end at public urban spaces near the
mosque. The alley is joined to the residence’s inner courtyard by a winding corridor from
the main entrance to the house to the inner courtyard, where part of the ground floor is
reserved for guests, allowing for privacy control and, at the same time, taking advantage of
the beautiful views of the water fountain and trees as an internal facade in front of guests.

3.2.4. Sana’a Old City

A residential district in Sana’a old city features organic and compact planning, similar
to the rest of the Islamic region cities, which are built around Islamic centers—the most
important of which is the Great Mosque.

The houses in Sana’a are characterized by vertical buildings centered around a shared
garden (orchard). Those houses that define tower houses are a result of development
through the history of design, to take maximum advantage of the sunlight and natural
ventilation. The tower houses are divided into six to nine floors. The utilization of
natural energy entails excessive use of the southern facades, such that all living rooms and
bedrooms on the south side contrast service rooms on the northern facades.
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3.3. Inductive Analysis of Urban Fabric Elements and Composition

All Arab and Islamic cities in West Asia bear a close resemblance to each other, as they
are characterized by narrow winding streets and a similar arrangement of buildings, such
that a compact urban fabric is formed [34,35]. If we look at the planning of sections of the
old cities in Damascus, Baghdad, Yazd, and Sana’a, as shown in Figures Figures 2-6, we
find that a plan can be taken from one city to another; this type of planning is due to the
beginning of the movement towards urbanization.

Figure 5. Sky view of the urban fabric and urban facades in the city of old Sana’a [39].
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Figure 6. Structural unity, components, shape, and layout of the traditional urban fabric for study cities in West Asia.

Although the arrangements of the buildings may seem random, there is a structural
unity on which it is based: on a large-scale plan of the city, we can see that the social pattern
is physically visible in terms of the locations of the different districts and public buildings,
such as mosques and palaces; the areas are linked to each other in the market, and the
streets devoted to various trades. The emergence of an ancient city shape in West Asia was
not achieved through a single process but, instead, through continuous growth. However,
planning problems were resolved upon their occurrence and through an accumulative
process, until the final form was found as an original model [33].

3.3.1. Urban Design in Hot Climates in West Asian Cities

The overall planning of old cities was based fundamentally on the local climate fea-
tures and protection strategies required to face their enemies during wars. As for hot-dry
areas, the urban fabric is characterized by features that help it to reduce the impact of
intense solar radiation, high temperatures, and various other harsh climatic conditions (e.g.,
dust storms), with different, highly compact components of the urban fabric [20,34]. The
density of the urban fabric is a critical factor in the planning of residential neighborhoods
in traditional cities of West Asia for climate response [34]. We also noticed similar charac-
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teristics in all traditional cities of West Asia, in that they contain vital components such as
narrow winding alleys that infiltrate the contiguous blocks of houses and buildings, as well
as contiguous and harmonious urban facades, which contain frequent shading elements.
The gradation of urban squares and central courtyards inside buildings containing trees,
water pools, fountains, thick walls, and building materials with high heat capacity was also
observed [21]. Yazd, Kashan (Iran), Baghdad (Iraq), Damascus (Syria), Shebam Hadhra-
maut, Sana’a (Yemen), and others are formed from a very dense and compact organic urban
fabric with narrow and irregular alleys. In Yazd, houses are contiguous with attention to
orientation and have a functional distribution based on the direction of the sun and the
movement of the winds. The general layout of the houses is characterized by a spatial
gradation, with private inner courtyards surrounded by one- or two-story buildings. The
local building materials are mud bricks, stones, and wood, depending on availability. Most
of the ancient urban fabric of Yazd, Baghdad, Damascus, and Sana’a is similar to that of
other desert cities in Western Asia.

The most distinctive and noticeable feature of traditional cities in West Asia is the
relationship between blocks and voids. The dominance of the masses over urban fabric
spaces and roads is remarkable. The solid-to-hollow ratio in house plans is also similar:
77:23% [34,38]. At the city scale, voids include public open spaces, roads, alleys, and central
squares of homes. In general, the urban fabric of ancient cities in Western Asia is formed
from significant components such as markets, mosques, palaces, squares, public baths,
religious buildings, and courtyard houses [14,21,23,36].

3.3.2. Procedural Steps for Inductive Analysis of Urban Fabric Elements and Composition

Through inductive analysis, we attempted to find a set of indicators that can achieve
the principles of sustainability, which were developed according to the literature review
and through extrapolation of the components of case studies; studying the relationships
between these components (Table 1) led to the fundamental sustainability indicators that
are applied as an essential aspect of urban design. To affirm the goals of sustainable devel-
opment represented by improving the sense of place, responding to the climate, interacting
with nature, conserving energy and resources, and reducing waste in the natural environ-
ment, the street distribution and zoning should be improved, as it assists in the connection
and integration of several societal components to reach urban sustainability [18,40,41].
Below is a list of the derived indicators that were studied and analyzed (Table 2).

From the results of the analysis and comparison provided in Table 1, we can summa-
rize the most significant features of the urban fabric and the physical components of the
study cities, and the extent to which they achieve the assumed sustainability indicators.

Urban form and urban fabric: The centralization of cultural, religious, and economic
activities, the positioning of housing around these centers and axes in the form of contigu-
ous and dense blocks, and the use of a free organic urban fabric to achieve this.

Analysis of physical components, dimensions, and volumes: These cities rely on
two types of roads—public roads, which serve as hubs to reach public buildings and are
surrounded by markets, and narrow, winding alleys within residential neighborhoods. The
directions of the streets are twofold: in the less dense fabric, the streets are from east to
west; in the dense fabric, the streets are slanted from south to north and winding.

Network of streets, axes, and directions: Public buildings, markets on the sides of
streets, squares, edifices, alleys, corridors, monolithic blocks of housing, and internal
courtyards are common. A relationship of gradation in dimensions and sizes, a trend from
the particular to the general, and from the minor components to the major. It forms a
homogeneous tissue with semi-spongy formations, due to the dense tissue interspersed
with internal and external spaces scattered within it.
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Table 1. Discussion and analysis of the achievement of climate adaptation strategies for the study cities, in terms of the

requirements of climatic and social sustainability.

Indicators

Yazd

Baghdad

Damascus

Sana’a

Urban fabric

Compact and convergence in
residential groups and
shaded alleys, private closed
alleys to provide privacy for
the residential group, and
various public spaces for
social events

Convergence and narrow
alleys, inner courtyards to
improve ventilation, grading
in public squares according to
social activities, and provide
privacy by private courtyards

Organic and grid urban fabric
and high compactness with
adhesion in buildings, ensure
privacy and neighborhood in
residential blocks, public
spaces only in front of public
buildings and markets

Convergence from the
vertical buildings, multiple
winding alleys to provide
natural lighting, alleys allow
social communication,
multiple public squares of
various sizes according to
social activities

Shape and dimensions of the
streets and the orientation of
the buildings

Main streets are shaded from
the sun, with narrow alleys
between buildings to avoid
the insolation of the external

facades, and internal
courtyards are rectangular to
achieve less insolation and
greater shading

The streets are a grid of alleys
with reduced orientation
effect due to compaction and
winding alleys and shading
while avoiding summer rays
through tiered facades
with Shanasheel

Medium grid main streets
spaced by residential high
adhesion blocks to achieve
the highest privacy and
security, interspersed with
short narrow alleys to prevent
solar radiation access, with
long facades in the east and
west direction of the
inner courtyards

Focus on building’s southern
orientation, with long
winding streets east-west to
allow for the sunning of
southern facades

The quality of spaces within
the urban fabric

Diversity in the external
public squares for religious
and social activities, as well

as markets, with a reliance on
private open spaces for
families, lack of
entertainment spaces

Public spaces along the alleys
that are used as markets on
both sides with the decade of
public squares for social
activities and larger public
squares to religious centers

Public spaces are small within
the city, social communication
is strengthened through
holding markets, focus on
privacy and protection, with
orchards and outlets on the
outskirts of the city

A wide variety of
components and public
spaces, squares, edifices, and
markets are rich in social
communication, lack of areas
for children's activities

Land use and density ratios

A high density that meets the
requirements of the hot
climate and social
requirements for
communication, distribution
of uses to achieve privacy,
ease of access, and
dependence on the residence
of the extended family

A high density that serves the
requirements of a hot climate
and social requirements for
communication, protection,
and unity, efficient use of the
land to reduce horizontal
expansion and dependence
on the extended family
residence

A high density that serves the
requirements of a hot climate
and social requirements for
communication, protection,
and unity, efficient use of the
land to reduce horizontal
expansion and dependence
on the extended
family residence

High density and vertical
tower buildings that achieve
a high economy of land use,

provide ventilation and
lighting, distribution of uses
to achieve privacy, ease of
access, and dependence on
the residence of the
extended family

Nature’s relationship with
the built environment

Insert nature inside urban
components through the
multiple courtyards inside
the residences, which contain
trees and large pools of water

Use the afforestation in
internal courtyards and
fountains, as well as
gardening in some
public yards

House courtyards, trees and
shrubs, wide fountains, and a
water channel inside all the
inner courtyards, some
afforestation beside roads

Each group of houses is
grouped around a backyard
used as an orchard and a
farm, with water canals to
irrigate trees

Types of movement and the
relationship between the
components of the
urban fabric

Alleys of the residential
complexes are narrow and
confined to pedestrians,
marketplaces, religious
centers, and city outskirts are
available in main streets for
the movement of vehicles

A network of narrow alleys
interspersed by markets,
limited to pedestrians and
wheelbarrows, religious
centers, and neighborhood
edges with main streets for
vehicular traffic

Narrow alleys that end at the
entrances to the dwellings
and are restricted to
pedestrians, religious centers,
and the edges of
neighborhoods with main
streets for vehicular traffic

A network of narrow alleys
interspersed by markets,
limited to pedestrians and
wheelbarrows, religious
centers, and neighborhood
edges with main streets for
vehicular traffic

Integration with
the ecosystem

Domes, vaults, and other
urban formations that
provide shade, internal
courtyards with water pools,
and wind towers are
integrated to form
comfortable microclimates to
achieve mitigation of harsh
climate and revitalization of
the ecosystem

Urban configuration provides
shade and contrast in
pressure to create air

movement, courtyards with
fountains and basements
benefiting from the coolness
of the earth layers to achieve
mitigation of harsh climate
and promote ecosystem

Urban configuration provides
shade and contrast in
pressure to create air

movement, courtyards with
fountains and basements
benefiting from the coolness
of the earth layers to achieve
mitigation of harsh climate
and promote ecosystem

The urban form of the city
with tower buildings using
sustainable local environment
materials, building solutions
in harmony with the climate
and the green backyards,
achieving integration and
revitalization of
the ecosystem

The shape of urban facades
and skyline

Rhythm with a gradation of
wind catchers and domes on
the roofs, despite the
prevailing horizontal
extension, with window and
grill details in the facades
achieving a visually beautiful
skyline and harmony with
the environment

Shanasheel facades create
shade and roof elements from
wind sheds and rooftops with

the district’s horizontality in
an axis towards the most
prominent and more
significant elements
represented in the religious
buildings, achieving a
balanced harmony with the
components of
the environment

Facades with large and
prominent Mashrabiyas,
horizontal symmetry with
simple formations at the tops
of the ceilings; this formation
serves to promote visual
beauty, reduces harsh climate
effects, and protects from
dust winds

Incredible richness in the
formation of facades,
decorations, and gradations
of heights, achieving great
benefit from the sun’s rays in
the winter and ventilation
from the passing winds and
blocking of the solar rays in
the summer
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Table 2. The proposed indicators, their relevance to sustainability, and the references upon which they were based.

Indicators Description References

The urban fabric determines the shape and
Urban fabric sizes of the physical components of a city and [9,14,24,38]
how they can deal with climatic conditions.

Solar rays are of paramount importance in hot,
dry areas, so studying the orientation and
shapes of streets and alleys between building [11,26]
blocks and directing them can achieve
solar control.

Shape and dimensions of the streets and the
orientation of the buildings

Ease of social communication and the
The quality of spaces within the urban fabric achievement of cultural and social [9,41,42]
requirements in the design of public spaces.

The density index, the compact environment,
and the land use composition, while
Land use and density ratios preserving the lands around the city, facilitate [28,35]
the possibility of shifting towards a
sustainable environment.

Types of external and internal open green
yards that incorporate the elements of nature [22,31,37]
into the built environment.

Nature’s relationship with the
built environment

Classifying and separating the types of
movement to achieve safety, security, [10,35,39]
accessibility, and foot movement.

Types of movement and the relationship
between the components of the urban fabric

Use bioclimatic planning strategies and
Integration with the ecosystem support the continuation and integration of [21,43,44]
natural habitats and ecosystems.

The use of 3D formations in the facades and
skyline improves the microclimate in harmony
with achieving the community’s cultural
identity and the city.

The shape of urban facades and skyline [23,45]

Land use and types of buildings: Types of uses include large public buildings, com-
mercial buildings, mixed commercial and residential buildings on the first floor on the sides
of the market streets, residential buildings, public squares, and sometimes small green
farms (as in Sana’a old city). The uses are organized, in order to diversify and enhance the
services according to the surrounding areas.

Open spaces and green areas: Due to the dense architectural fabric, the open spaces
are generally small, but there is a proportion between the size of the squares and the types
of traditional social activities. As for the green areas in Yazd, Baghdad, and Damascus,
residential buildings contain inner squares, which are usually green spaces with trees;
furthermore, the sides of the main streets also have trees, in order to provide shading. As
for Sana’a, there are general urban green areas, called orchards, around which several
residential buildings gather, and which have agricultural production that covers the city’s
needs for some types of vegetables.

The shape of urban facades and sky line: A compact urban configuration with contigu-
ous facades in harmony, which are rich in decorative elements, openings, and protrusions
that serve as elements for shading and reducing the area of windows. The skyline expresses
equality through the flatness and similarity of building heights, with the dominance of
public and cultural buildings—in terms of height—as landmarks in the urban fabric.

3.4. Computer Simulation Analysis

Computer simulation is one of the best techniques by which it is possible to calculate
the effects of climate factors on urban fabric and buildings [46—48]. The Ecotect software,
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which can accurately assess various designs and which depends on the Open studio engine,
was selected. We tried to design the analysis for suitable simulation results, and identified
analyses to study the impact of solar radiation on the urban fabric by simulating the
solar radiation effect under various orientations and the effect on the urban spaces by
solarization shading. Furthermore, we studied the influence of the formation of the urban
configuration and building facades. The analyses that were used for the chosen cases were
as follows: insolation analysis (total direct radiation, total daylight factor, total sunlight
hours) and object attributes (avg. percentage shading, percent dissatisfaction).

3.4.1. Incident Solar Radiation and Total Radiation on Blocks

The results of the total radiation test on the area, in terms of the importance of
the compact urban fabric in reducing the surfaces exposed to the hot solar rays, are
shown in Figures 7 and 8, with the daily average of solar insolation as follows: in Yazd,
4.5-5.5 kWh/m? with 3200 sun hour/year; in Baghdad, 4.4-5 kWh/m? with 3244 sun
hour/year; in Damascus, 5.5-5.8 kWh/ m? with 3634 sun hour/ year; and in Sana’a,
5-6 kWh/m? with 3000 sun hour/year.
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Figure 8. Incident solar analysis of urban fabric in (1) old Damascus, (2) old Sana’a.
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3.4.2. Shading Hours on Facades and Shading Levels on Streets and Urban Spaces

Analysis of the shading levels on urban spaces showed that the urban formation
strategy of the traditional city’s urban fabric in West Asia featured shading considerations
of high significance. As shown in Figures 9 and 10, the shading ratio of the urban spaces in
the Al-Kadhimiya district in Baghdad was the most significant, followed by Old Damascus,
the old city of Sana’a, and, finally, the city of Yazd. As for the shading by the facades,
especially the main facades, the shading percentage was semi-full in all of the studied cities,
with a high shading rate during the hot summer season.
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Figure 10. Shading level analysis of urban fabric in (1) old Damascus, (2) old Sana’a.

3.5. Quantitative Analysis of the Effectiveness of Indicators

The research included several steps to arrive at the quantitative analysis. The first
step was a literature review, from which the relationships between climate adaptation,
the sustainability of cities, and the most critical factors for the sustainability of cities were
extracted. The second step was to identify the study cases in four selected cities within
the West Asia region, and then conduct an inductive analysis of them to arrive at the
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most critical indicators that lead to the achievement of a sustainable urban fabric. In
the third step, a quantitative test was conducted on these four selected areas, classifying
all the determinants that are associated with the sustainability indicators. This step was
tested through a quantitative test list with a validation procedure. The fourth step was the
quantitative analysis, where each indicator’s rate was determined, considering the study
cases. Each indicator’s effectiveness was extracted separately, in order to determine each
indicator’s importance, compared to all the study cases. Finally, the results were processed
by unpacking the scan tests on panels and converting them into graphical form using the
Excel software.

The quantitative analysis was based on survey tables to measure each indicator’s
sub-indicators, and examine how each of the study cities achieved these indicators, as
well as the effectiveness of each indicator. Indicators were coded as in Table 3, to facilitate
the analysis.

Table 3. Coding of sustainability indicators to facilitate their use in quantitative analysis strategies.

Indicators Code
Compact urban fabric x1
Origination of buildings and urban facades x2
Principle of streamlining spaces x3
Insertion of nature into the urban formation x4
Efficiency of land use x5
Integration with the ecosystem x6
Separating walking movement from the traffic <7

movement

Urban facade formation x8

Indicator Relationship Measurement

The research relied on the inferential descriptive analysis method based on a set of
variables, as shown in Figure 11. Moreover, through quantitative analysis, the relationships
between the variables were measured, and Figure 12 shows the indicators after the coding
process, noting that the indicators were only for the urban fabric.

Effective factors order

1.2

0.
0.
0.
0.
0
x1 x2 x3 x4 x5 x6 x7 x8

HYazd mBaghdad Damascus Sana'a

oo

[e)]

S
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Figure 11. Effective indictors’ ratio for the four case study cities.
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Figure 12. Indictors’ values for the four case study cities.

The results show that all the extracted values were close to the assumed value of
sustainability, which is equal to one. Figures 11 and 12 show the variation in the importance
of the effective indicators. As such, we could distinguish them in three ranges, according
to their effectiveness values, where the first and second indicators occupied the first range;
the eighth, third, and fifth indicators were in the second range; and the rest of the indicators

were in the third range.

It was also concluded, from the quantitative analysis, as shown in Table 4 that the
total values of the indicators for the study cities were very close. They all achieved the
urban fabric sustainability indicators significantly, as Damascus city achieved 86%, Yazd
achieved 85%, Baghdad achieved 84%, and Sana’a achieved 82%, as shown in Figure 12.

Table 4. Comparison of indicator values for the four study cities and their percentages of effectiveness.

Indicators Yazd Baghdad Damascus Sana’a Percentage
Compact urban fabric 0.9 0.85 1 0.9 91%
Origination of buildings and 0.85 0.9 0.95 0.9 90%
urban facades
Principle of streamlining spaces 0.9 0.92 0.87 0.8 87%
Insertion of nature' into the 08 0.6 08 0.7 73%
urban formation
Efficiency of land use 0.85 0.98 0.79 0.78 85%
Integration with the ecosystem 0.85 0.82 0.86 0.79 83%
Separating wall<.1ng movement from 0.8 0.8 0.8 08 80%
the traffic movement
Urban facade formation 0.85 0.92 0.87 0.9 89%
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4. Discussion of Results

A significant portion of the presented work is concerned with developing the concept
and methodology for traditional climate adaptation strategies, which is expected to pave
the way for future in-depth and systematic research on comprehensive climate adaptation
strategies in cities. According to the findings of this study, the four cities used as case
studies all achieved a high percentage with the application of the assumed sustainability
indicators. These indicators were generated to be proportional to the components and
quality of life in traditional cities. The physical components and their relationship to
the climate, as they developed determinants naturally before discovering modern energy
resources, represent natural solutions and an honest and explicit reflection of human and
environmental requirements. A detailed study of the indicators and the extent to which
they are used in the study cities is provided in the following sections.

4.1. Discussion of the Results of Inductive Analysis of Urban Fabric Elements and Composition

In terms of the urban form and urban fabric, we observed that the strength of relations
between activity areas and the required gradation from the private to public areas allowed
for the achievement of privacy and safety through small residential neighborhoods with
adjacent houses—an organic fabric that serves the climatic requirements in reducing solar
radiation gain. However, the difficulty of perceiving paths by visitors, and a number of
meandering and closed alleys impeding modern services, were observed, consistent with
the findings of previous studies [14,16,33].

In the analysis of physical components, dimensions, and volumes, we found diverse
uses of roads, differentiated between public and private to determine the type of users,
gradation in the road structure, and reducing streets from north to south in order to avoid
the effects of the prevailing north winds and dust storms. However, narrow streets impede
the movement of modern vehicles and emergency movement. Closed, short, and winding
alleys are difficult to move through for services and emergencies.

In terms of the network of streets, axes, and directions, we found that it achieved a
balance between masses and visual comfort due to unity and gradation in the studied paths,
achieving cultural meaning and climatic requirements. Dimensions and sizes confirm their
importance, increasing in the direction of public spaces and decreasing in the direction
of private spaces. However, there is difficulty in including modern components into the
traditional composition; meanwhile, the presence of greater flexibility and accessibility in
the paths will assist in the application of technology.

In terms of land use and the types of buildings, we found urban density with the
economic exploitation of various land uses. Diversity of use serves to meet social and
economic needs, and the distribution of services, public centers, and public squares achieves
distributive justice. However, Damascus, Yazd, and Baghdad depended on internal outlets
in the central courtyard of the dwelling buildings or outside the city as a public outlet
for the community, there was a lack of spaces designated for children, and the markets
assumed the most importance and space in the public streets.

In terms of open spaces and green areas, we found yards between private, mixed, and
public areas, with their distribution and sizes according to the requirements of social and
cultural activities. The proportion of green areas was reasonable, as well as the availability
of shade and air movement required to generate good ventilation. However, there is a need
to meet the modern requirements of public squares, due to a prosperous life and various
outdoor activities, with a need to increase greening in public areas and streets to provide
shaded areas and paths; this reinforces the findings of previous researchers [49], who
have claimed that high ceilings and central courtyards can help to reduce direct sunlight
penetration, thereby reducing heat stress in cities.

In terms of the shape of urban facades and the skyline, we observed morphological
harmony in the skyline, with rhythm in elevations, thus achieving visual comfort, regularity,
and equality. Many shading elements comprise the beautiful formation of the facades, thus
achieving ventilation along with cultural and aesthetic shading.
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4.2. Discussion of the Results of Computer Simulation

From the analysis results (as shown in Figures 7-10), the extent of the convergence
of the urban fabric of the study cities from previous sustainability factors became clear.
Although the four study cities showed variations in the results, they confirmed the ap-
plication of climate adaptation principles in various proportions and forms. Moreover,
they were consistent with the proposed sustainability indicators for the traditional urban
fabric. The residential district in Yazd city applied most of the indicators that we con-
sidered, drawn from the urban fabric, using an extremely compact fabric to decrease or
prevent the hot sun’s rays from accessing the streets and narrow alleys (Figure 7). The
simulation results for Yazd city shown in Figure 8 indicated the use of an organic system
with irregular, tight streets, with solid building facades to block approximately 80% of the
solar radiation reaching the roads and alleys during the day, thus providing large shadow
ranges for generating currents of cold air. It also houses mostly rectangular houses and
vast facades toward the south and north, with narrow, winding alleys and shaded roads to
keep the air more moderate inside the urban fabric and resistant to the impact of desert
winds. Furthermore, horizontal expansion of the buildings and the variation in land uses
according to the relationships and functions of buildings have led to the achievement of
land use efficiency.

The residential district in Al-Kadhimiya was identified as an area generally having
an organic, traditional, compact fabric, arising from disjoined houses separated by some
narrow alleys. Various overhangs shade them by facades and the neighboring buildings,
containing a public urban courtyard with a fully integrated inner courtyard environmental
system (Figures 7 and 9). Based on the computer simulation of Al-Kadhimiya, the com-
pact traditional urban plan prevents solar radiation from reaching the urban spaces by
approximately 65%, providing shading spaces to generate cooling air currents, and the
urban spaces between the masses were aligned to the north, in order to be maximally
shaded throughout the day. Total incident radiation analysis confirmed the success of the
traditional planners in producing most roads and narrow alleys from south to north, as it
achieved a reduction in the area of building facades.

The residential district in the old city of Damascus was designed in consideration of
planning in line with Islamic thought, changing from a grid style to the distinctive compact
style, characterized by compressed residential units separated by some narrow, winding
alleys. These alleys terminate towards public courtyards. Furthermore, the alleys are
connected to the central courtyards of the houses, across the winding corridors in the house
entrances. As only the ground floor is assigned to the public, enough privacy could be
obtained (Figure 8). The results of the computer simulation indicate, as shown in Figure 10,
that over 90% of the solar radiation reaching the street, alleys, and public spaces is blocked,
as an extraordinary feature of the urban fabric and all houses is that the facades provide
shade throughout the whole day. Moreover, trees and water bowls are used inside the
courtyard to decrease the influence of solar radiation and create cooling air currents.

Finally, we considered the residential district in Old Sana’a. Although the cities of
the mountainous regions in Yemen are distinguished by tower houses, which differ from
the horizontal housing patterns in the rest of the hot-dry climate regions in West Asia,
the solutions and characteristics achieved the same performance. The vertical houses are
typically compiled around shared gardens (orchards). The houses that define tower houses
are a result of design evolution, benefitting from natural ventilation and sunlight, with
tower houses having six to eight levels. The utilization of natural energies and efficient
use of the southern facades are considered; as such, the bedrooms are located on the south
side of buildings. In contrast, service rooms are located on the north side. As shown in
Figure 8, the computer simulation results showed that various urban squares and alleys
identified the urban planning and streets of the old City of Sana’a, having gradual sizes
and trends to form shading and solarization zones, thus creating cooling air currents (see
Figure 10). Furthermore, the results verified that the orientation had very high importance
and was given special attention, indicating the effect of shadows on the buildings, as well
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as for streets and public squares, providing the required solarization in winter and shading
in summer, with a more significant effect on south facades.

4.3. Discussion of Quantitative Analysis

The quantitative analysis provided us with a detailed view of the priority of each
indicator, according to the local climatic conditions. As the results show in Table 4 we
noticed a slight difference in the values of the indicators for the different study cities, where
the urban compactness indicator achieved top priority in all of the study cities.

The results confirmed the effectiveness of employing traditional climate adaptation
systems, measuring its effectiveness and feasibility through indicators of urban fabric sus-
tainability. Our results defined sustainability indicators and measured their effectiveness,
serving as an extension of the elegant work of researchers [12,36,50], who explained the
principles of sustainability and studied the characteristics of sustainability in buildings.
Furthermore, we utilized the findings of previous researchers [51], who confirmed that
all urban characteristics play a role in shaping the urban heat pattern at the same time.
Our research was distinguished by identifying indicators that can be applied as design
determinants. We found that the sustainability indicators suggested in this article, as well
as knowing their effectiveness and the relationships between them, can allow designers
and planners to follow a more efficient and detailed methodological approach that achieves
sustainability strategies within the local scale, according to climate adaptation in hot, dry
areas, and also contributes to learning from the old to create the new.

5. Indicators of the Sustainable Climate-Adaptive Urban Fabric of Traditional Cities in
West Asia

Our results confirmed the achievement of the selected indicators for the sustainability
of the urban fabric. The quantitative analysis also demonstrated the effectiveness of each
indicator for different cities to reach sustainability at the level of the urban fabric. We
verified that the traditional architecture has an honest representation of its environment,
being capable of dealing with climatic conditions and social requirements, and which
directs the emergence of a natural style for a new personality that fits those environmental
conditions and includes several indicators based on adaptation strategies. In this study,
we do not advocate for old standards or a return to the past but, rather, examine how
these innate techniques were born, grew, and developed over many years of accumulated
experiences, in order to deal with the local climate by the peoples of the region, based on
the innate and natural determinants that achieve harmony between architecture and the
environment. As a result, climate adaptation can be achieved and the effects of unbridled
climate change can be mitigated.

We discovered that these indicators can help to achieve a sustainable urban fabric
strategy for hot—dry regions, where integration and harmony with the natural environment
and climate can be reached, thus improving resource utilization and reducing energy
consumption. We summarize the most important indicators of sustainability based on
climate adaptation as follows:

L Highly compressed urban fabric—Urban planning is an essential tool to control the
climate; as such, a compact urban fabric decreases the surface/volume of masses
exposed to harsh climatic conditions, as well as minimizing the open public spaces.
Similarly, the width and direction of roads are affected, facades act as shading
elements, and buildings may shade each other.

II. Control of solar radiation exposure by orientation—Reducing the surface of south-
ern facades with shading, minimizing openings, domes, and vault roofs, and
distributing spatial functions according to the orientation are important. Moreover,
the orientation of urban public spaces and building courtyards to the south or
southwest protects exposed sides from the sun through Mashrabyahs and shading
elements.
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III. The principle of streamlining spaces creates pressure differentials, whereby air
movement currents temper the microclimate in the urban fabric, which begins from
urban public spaces through alleys and ends in inner courtyards. Furthermore, the
humanization of pathways and the hierarchy of urban spaces allow for smooth
movement while achieving protection and privacy.

Iv. Insertion of nature inside the urban formation (green areas)—One of the stan-
dard features of traditional urban fabric is many open spaces (open urban areas
beside private courtyards), which includes elements of water, trees, and plants.
Simultaneously, it serves to decrease the UHI by reducing the urban surface.

V. Land use efficiency—Achieving land use efficiency by stacking in building blocks
to minimize streets and create open urban spaces in small areas, distributed as
nodes between one residential cluster and another.

VL Integration with the ecosystem—Adopting sensitive bioclimatic planning of energy,
and using the standards at necessary levels, regarding comfort in public and private
open spaces, further enhancing their efficiency due to using ecological construction
materials, as well as achieving social demands, indicating a model of integration
between humans and the ecosystem.

VIL Walking movement should be separated from traffic movement—Designing streets
inside residential complex blocks for the movement of people, while vehicle move-
ment is conducted by large movement axes through the main streets outside the
residential blocks.

VIII.  Urban facade formations—The compressed urban composition leads to compact
facades, featuring morphologic harmony and being rich in shading elements and
Mashrabyahs with reduced window area.

6. Conclusions

We explored effective sustainability indicators for the urban fabric in hot-dry areas,
allowing for a detailed explanation of and findings supporting the effectiveness of adopting
climate adaptation strategies, in terms of planning and individual building design. Sustain-
ability strategies emphasize thinking at the local scale and conservation of natural resources,
reducing energy-depleting consumption, and learning from the traditional to create new;
this is the vocabulary of the most critical sustainable architecture considerations, in order
to create a new architecture that respects the specifics of the place, and fits with the deter-
minants of the surrounding environment. The principles of sustainability drawn from the
studied traditional architectural applications have a dynamic role, due to their integrated
relationship with the physical environment; however, it is also derived with respect to
fulfilling the requirements of the inhabitants. Traditional planning and architecture remain
a direct answer to the climatic impacts arising from the physical surroundings. Highly arid
environments impose severe constraints on design ambitions, in which case good design
practices alone cannot guarantee acceptable year-round conditions. Active systems, such as
mechanical cooling air systems and water features, consume energy and water, and should
be used with caution and placed where the maximum impact can be achieved in major arid
cities. It should be noted that there are also intermediate design options between purely
traditional measures, such as solar shading and purely active measures. For example, there
may be a possibility to create semi-conditioned spaces for exterior design. Alternatively,
public spaces can utilize the space within some buildings to mutually benefit from air
conditioning across the space. This approach can provide valuable areas of rest within
the public realm within hot arid cities that positively use existing cooling systems. The
more significant findings of this research include many indicators that can be improved to
adapt to the local climate, including the compact urban fabric, the principle of streamlining
space, integration into the local ecosystem, and land use efficiency, thus integrating nature
into the urban composition. These indicators represent an approach for sustainable urban
fabric planning. It achieves integration and harmony between the elements of the urban
environment, nature, and climate parameters, leading to the optimal utilization of natural
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energies and reductions in the consumption of resources and energy. Finally, from a critical
point of view, the results of this article serve as a baseline for more comprehensive research
that considers future requirements and benefits from technology.
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