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The historic centers of cities have shifted during the last period into economic and commercial
centers; this change has made them lose their distinct urban identity since these commercial
centers need a flow of traffic, and these fabrics cannot absorb such an intensity of traffic. The
objective of the research is to assess the possibility of possessing the historic urban fabric of
the city of Mosul with the capabilities and urban features to accommodate sustainable
transportation systems within, reduce dependence on individual vehicles, and give the fabric
capabilities for preservation and development. The study uses an analytical comparison of
international sustainable transportation evaluation systems to identify the most vital indicators:
accessibility, permeability, and internal connectivity. The spatial structure of Mosul's historic
city center is analyzed using space syntax theory, UCL Depthmap 10, AutoCAD 2016, and
ArcMap 10.8 to evaluate how it performs on these indicators. The results showed a high
internal connectivity values for the fabric reaching 344 intersections/lkm=with high integration
values for the main circulation axes reaching (1.89) and their local control values reaching (2),
with high coverage rates for service as crossing axes for the fabric reaching (83%). In
conclusion, the study concluded that the historical urban fabric of the city of Mosul possesses
the necessary urban structure and features that qualify it for sustainable transportation systems

to work effectively within it.

1. INTRODUCTION

Historic urban areas are considered an essential part of local
culture and a base for cultural tourism and local community
prosperity, and rely mainly on walking mode to move within
their fabrics [1]. The Urban form according to urban fabric
theory, depends on the type of transportation mechanisms used
within the urban fabric [2]. These urban fabrics in traditional
cities characterized by a high-density, and diversity mixed
activities such as shopping, education, and public
transportation combined with the activity of walking, as they
were socially and environmentally sustainable [3]. The
Pedestrian environments were neglected in modern urban
design while the car dominating transportation during the first
half of the last century, so the individual vehicles in present
dominate on the urban space of the city [4]. The urban form of
the city directly affects the environmental footprint of the city.
The walking fabric has the ability to improve the efficiency of
the urban fabric by technology and innovation in construction,
approximately thirty times compared to the urban fabric of
traditional urban fabrics car [5]. New planning laws began to
appear in cities of Middle East that depend on the geometric
grid pattern after World War 11, containing shallow spaces that
can be accessed directly which affected on transportation
modes type used in these fabrics, thus casting shadows on the
historical fabrics [6]. These historical centers were
transformed into commercial centers as a result of the
economic developments that the cities witnessed in recent
decades due to their structural characteristics that facilitate
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access to them, which made them carry traffic capacity that
their urban spaces could not provide, which negatively
affected on the form of these fabrics [7]. Development based
on sustainability standards for historic cities is required, for the
purpose of preserving the heritage values possessed by these
fabrics, which contain within them tangible and intangible
heritage values, and granting them the potential for economic,
tourism and commercial development by reducing dependence
on individual vehicles for transportation [8]. Based on the
historical lessons from the most beautiful and successful cities,
new urban approaches emphasize the appeal of compact,
mixed, walkable and relatively self-sufficient communities
[9]. The historic city of Mosul has major circulations axes with
high integration that can be used in the process of generating
cultural axes with different activities at the level of the city of
Mosul, and by relying on the efficiency and diversity of
transportation means provided by sustainable transportation
systems, which greatly enhance the accessibility factor to the
historical fabric. While preservation its unique characteristics
at the same time [10].

The study aimed to assess the ability of the historic urban
fabric of the city of Mosul to absorb sustainable transportation
systems and work within effectively by analyzing the spatial
structure of the fabric using different standardization tools.
This question led the study to the hypothesis that the historic
fabric of the city of Mosul has the structural potential and the
features that enable it to absorb the work of sustainable
transportation systems within it effectively, and after testing
the hypothesis by measuring the indicators affecting the
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historic fabric of sustainable transportation, which are
accessibility, internal connectivity, and permeability, The
hypothesis of the study, which states that the historic fabric of
the city of Mosul possesses. The structural components and
urban features necessary for sustainable transport systems to
operate within it effectively and in accordance with
international indicators, has been proven.

2. THE SUSTAINABLE CITY

A sustainable city is defined as the city that meets the needs
of its populations without scarifying the potential of the
coming generations to meet their particular needs [11].
Therefore, a sustainable city has the least environmental
impact because it is run and resided by people who contribute
to decreasing the required inputs that include energy, water,
food, and waste resulting from power generation, minimizing
pollution, and encouraging them to bear more responsibility
for the methods by which their city is administered. The
sustainable city is referred to as an "Eco city," as this city
should involve all the main fields of life, namely the social,
environmental, and economic [12]. The potential of the
sustainable city to achieve self-sufficiency in terms of
providing food and renewable energy is considered one of the
main pillars on which the sustainable city rests and to generate
the least possible environmental footprint by using the land in
an optimal way and having the possibility to recycle the wastes
and turn them into energy. All these procedures effectively
reduce the contribution of the city to changing the climate in
terms of global warming gases but don’t change its cultural,
economic, or material identity due to modern demands for
comprehensive urban change. The sustainable city endeavors
to preserve its cultural and historic assets, enhance them, and
raise awareness concerning its natural, constructed, and
cultural environments [13].

2.1 Sustainable transportation

It represents “a group of transportation means and activities
along with the relevant infrastructure that help the next
generation get rid of the cost associated with using the current
transportation systems. These costs are not confined to the
external factors of the environment, as they also include other
social and economic effects of transportation” [14]. It is also
known as "providing the services and the infrastructure needed
for transporting individuals and goods to achieve development
for the purpose of economic and social progress for the benefit
of the current and future generations in a secure way and at
reasonable prices, and it can be accessed in an effective and
flexible way as well as decreasing the emission of carbon and
other pollutants and the negative environmental effects".
Therefore, sustainable transportation is not an aim per se, but
a means to achieve sustainable development [15].

2.2 Urban development

The concept of urban development was associated with
quantitative concepts in the middle of the past century as an
increase in the size of the economy and industrial and
agricultural production. However, since the mid-seventies of
the past century, multiple aspects have been associated with
the concept of economic development, such as social justice,
the percentage of poverty and equality, and getting
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opportunities, which constitute the most important aspect of
sustainability on which the United Nations relied in its reports
(they are qualitative concepts). So, the concept of development
became associated with expressing qualitative and quantitative
concepts [16]. The definition of development can be
summarized as “a qualitative or quantitative improvement or
both in the use of the available resources” [17].

3. HISTORIC CITIES

A city with traditional historic fabrics is defined as “a group
of buildings, structures, and open places, including the
archeological sites and excavations, that constitute human
settlements in an urban or rural environment that is
acknowledged as coherent and valuable from an
archaeological, architectural, historic, aesthetic, social, or
cultural perspective, and it includes the sites that date back to
the pre-history ages, historic settlements, traditional urban
neighborhoods, and historic villages in addition to the
homogeneous archaeological groups” [18].

The urban fabric of historic traditional cities is formed to
meet human needs according to environmental requirements
and the building technology available at the time, so it is an
organic fabric with narrow alleys and a human scale, which is
characterized by coherent and connected urban sprawl
(cumulative growth), which consists of adjacent units that
shade one over the other and contain inner courtyards and
narrow alleys to reduce the effect of sunlight [19]. These cities
grew accumulatively, randomly, and with limited spaces
within a walled area that relied on walking as a main
transportation system within its tissues and provided relatively
little opportunity for the rest of the urban transportation
patterns to work within them [20].

3.1 The historic city of Mosul

Mosul is considered one of the most ancient cities in Iraq. It
was established in 1080 B.C. as a small settlement on the right
bank (the western side) of the Tigris, opposite the ancient city
of Nineveh on the left bank (the eastern side) [21]. Muslims
conquered the city in 638 A.D., and the city was redesigned in
accordance with Islamic teachings and traditions. According
to its basic design, it is in the middle of the current city. In
terms of planning and design, the city responded in its
planning, design, and nature to the climatic, social, and
cultural conditions that were dominant then. Therefore, it was
characterized by a cohesive and closed organic fabric. The
zigzagged and organic alleys represent the basic element of the
traditional architectural fabric in addition to several buildings,
inns, Caesareans, heritage markets, and religious buildings
that endow the city with its distinguished visual and
architectural characteristics [22]. The urban form, type of
activities, and urban design help in the process of sustainable
transportation systems, which contribute to creating
opportunities for social interaction and communication
amongst individuals in society and producing socially creative
and productive spaces [23]. Because the aspect of sustainable
and intelligent transportation stands for one of the main
aspects of the sustainable city, and in order to decrease the
effect of the transportation systems and their environmental
costs, this aspect depends, in the mechanisms of its
application, on certain patterns of sustainable transportation
that meet the specifications of this aspect and that achieve the



economic, social, and environmental objectives of sustainable
transportation.

4. PATTERNS
TRANSPORTATION

OF SUSTAINABLE

According to the report (European Environment Agency)
[24], sustainable transportation consists of a number of
patterns, each of which stands for a tool that achieves a certain
strategy of sustainable transportation, as follows:

Reducing the activity of travel and movement: this strategy
depends on minimizing the use of vehicles, which depends
directly on the modern technologies of communication and
shopping through the internet, the mechanism of active land
use distribution, and the population density in a way that
results in reducing the need for the journey as much as possible
or canceling the need for it completely.

Active movement to improve general health and minimize
the need for fuel: this strategy depends basically on active
means of movement or transportation (bicycles and walking)
to achieve its objectives. It depends on the mechanisms of
using the land effectively, organizing, economy, and
information in a way that results in minimizing the need to use
mechanical means of transportation in travel.

Mechanical public transportation to minimize the
dependence on the individual vehicles: This strategy depends
mainly on bus rapid transportation (BRT) or train systems
(metro/tram), and it depends in its operation on the planning
and organization mechanisms, economy, and information
technology in a way that results in an efficient operation to
minimize the need for the individual means of transportation.

Individual mechanical transportation: this strategy employs
private means of transportation (private electrical or hybrid
cars, electrical or hybrid path). It depends on the processes of
development and investments in the field of developing
environmentally friendly electrical engines.

The patterns above were included to identify their
characteristics and their compatibility with the characteristics
of the historic urban fabric that support the work of those
patterns within the historic fabric of the city of Mosul through
criteria and indicators related to the historic fabric.

4.1 Evaluation systems and criteria for sustainable
transport

The global evaluation systems included a number of criteria
and indicators related to sustainable transport, the most
important of which are:

4.1.1 LEED v4.1 residential BD+C multifamily home

The system works to mitigate environmental impacts on
buildings by conducting a comprehensive review of the ratings
of sustainable housing systems, comparing them with local
rating systems in major markets around the world, and
identifying constraints and opportunities for an economic shift
of the construction market towards more sustainable methods
[25].

4.1.2 LEED v4.1: Cities and communities existing

The ecosystem provides a way forward for resilient, green,
and smart cities. The ecosystem helps cities, communities, and
local leaders create sustainable plans that address natural
systems, energy, water, waste, transportation, and many other
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aspects that contribute to quality of life [26].

4.1.3 LEED v4 neighborhood development

The system is used to reduce environmental damage to land
development  practices  through  development and
neighborhood development, diversify transportation modes
for residents, encourage active mobility through smart urban
development and compact development, and ease access to
public transportation [27].

4.1.4 BREEAM international new construction 2016

It is a tool to mitigate the impacts of the life cycle of new
buildings on the environment in a powerful and cost-effective
manner. To this end, the system works on a range of
environmental issues, including health and water
management, transportation, energy, resource management,
pollution, and innovation [28].

4.1.5 BREEAM communities technical manual

It is a framework for considering issues and opportunities
affecting sustainability in the early stages of the urban design
and development process. The system addresses the main
environmental, social, and economic sustainability goals that
have an impact on large-scale development projects [29].

4.1.6 Green Star: Design and As Built v1.2

The system evaluates the sustainability attributes of a
building across nine categories: management, indoor
environmental quality, energy and transport, water and
materials, land use and environment, emissions, and
innovation [30].

4.1.7 Refined CIVITAS process and impact evaluation
framework

The system is to be used as a tool to achieve the goals of the
European Green Initiative by working on a network of cities
dedicated to sustainable urban mobility. The initiative relies
on a set of mechanisms to achieve its goals, such as solutions,
communication, training, and collective experience. These
mechanisms are harnessed for the purpose of preparing cities
to make the transition to the stage of complete carbon
neutrality [31].

5. RESEARCH METHODOLOGY

The evaluation systems used for sustainable transportation
were analyzed and compared in order to find out the most
important standards adopted, and then these standards and
indices were evaluated within the urban fabric of the historic
city of Mosul to determine their values. It was concluded that
the standards of accessibility, permeability, and internal
connectivity of the urban textile are the most vital standards
and indices that can be relied upon in the main processes of
evaluation of the sustainable transportation of the urban fabric,
as shown in Table 1. The standards of accessibility,
permeability, and internal connectivity of the urban textile of
Mosul's historic city were evaluated, as was the evaluation of
the transit paths that possess the structural and formal
characteristics for the active operation of the means of
sustainable transportation. The package UCL Depth Map 10,
To measure the indicator of accessibility to the transit axes, in
addition to the program (Arc Map 10.8) to analyze these axes,
the package AutoCAD 2016, which relies on Arc Map 10.8,



was used to measure the preferred locations and their
indicators (the internal connectivity and the permeability).

5.1 Results of the comparative analysis of the sustainable
transportation evaluation systems

— All the systems confirmed basically the standard of
accessibility to the transportation facilities and the
public transportation according to the indices (X4, Y1,
Y6,Y7,7Z1, L1, L2, M1, N4, Q1) and the index of the
preferred locations (permeability and internal
connectivity) of the urban fabric, which indicates the
ability of the residents to access the transit paths as in
the indices (Z13 and Z14) that are considered the most
important functional standards of sustainable
transportation to make it effective and accessible to
everyone, as shown in Table 1.

— The systems of (LEED, BREEAM and Green ST)
issued the standards that are related to the urban form
by means of conducting development processes to
create integrated urban centers with diverse and
directed activities related to the public transportation
and active transportation as they introduced them
within the basic standards of evaluation processes of
these systems like the density standards per the indices
(X1 and X2), merging the activities, diversifying them
and the mixed use in accordance with the indices
(X3,218,219,720,Y2,Y3,y4,y5), reducing the urban
print of the car parking lots per the indices
(X9,Z17,N1,N2,Q4), facilities of the active per the
indices (X5,X6,X7,22,73, 74, M4,M5,N5, Q2) as it is

shown in Table 1.

— These systems, through the standards they adopted,
focused on creating neighborhoods in which the active
mobility pattern (walking or bicycles) is the main
means of transportation to access the services and the
main multimedia transportation nodes to reach the
destinations (purposes) and turning the cities into a city
that guides the pedestrians, not the private vehicles,
only according to the indices (Z5, 26, Z7, Z8, Q3, X7,
X8, L5, L6, L7, N6), as shown in Table 1.

— The CIVTAS initiative was issued (the refined
CIVITAS process and impact evaluation framework)
for the environmental, economic, and technical aspects,
as this initiative was issued particularly to evaluate the
systems of sustainable urban transportation. It is
directed to decrease the effect of transportation on the
urban environments in the cities and also manifest the
effect of those systems on them.

The standards LEED v4 for neighborhood development and
their indices focused on the internal connectivity aspect, the
number of intersections of the developed areas, the
connectivity of the location and its urban fabric with the
neighboring area, and the permeability to connect the location
with the city according to the indices (29, Z10,Z11, 212,713,
Z14, Z15, and Z16) as shown in Table 1, in addition to the
accessibility to the entertainment and recreation areas inside
the regions and the rest of the main activities and providing
suitable infrastructures for walking to encourage the use of
active transportation means inside the developed sites
(locations) as it is demonstrated in Table 1.

Table 1. Standards and indices of evaluation of international systems for sustainable transportation

Residential density* for various uses

Accessibility to transportation and public
transportation facilities

LEED v4.1: Residential BD+C M
LEED v4.1: Residential BD+C
Multifamily Home
ultifamily Home

Minimizing the area of car parking (reducing
the use of private cars)

Infrastructure for low-emission vehicles
(motorcycle facilities)

X1: The residential density of an individual house
X2: The residential density of a multi-family house
X3: Number and types of activities that should be
available in the urban fabric

X4: Access to the transportation node

X5: Motorcycle network index
X6: Motorcycles store index
X7: Index of the requirements of the journey end of
the motorcycle transportation (bathrooms)
X8: Motorcycle network index within urban
locations
X9: Areas of car parking lots (the urban print of the
car parking lots)

Easy accessibility to the facilities of the

transportation system and the public
transportation system

LEED v4.1: Cities and
Communities Existing

Accessibility to a good quality of
transportation and public transportation

Integrated development and mixed use
Development towards guided (oriented)
transportation

Y1: Index of accessibility to transportation facilities

Y2: Identifying compacted and complete urban
centers
Y3: Accessibility to the transportation facilities
Y4: Accessibility to the various uses
Y5: Guiding towards the purposes
Y6: Good quality of the transportation facilities
Y7: Index of multi-means transportation

Accessibility to a good quality of
transportation and public transportation

LEED v4 for Neighborhood
Development
Updated July 2, 2018

Infrastructure for low-emission vehicles
(bicycle facilities)

Z1: Specifying the location of the project in a site in
which there are existing transit points or planned
ones
Z2: Providing short-run bicycle parking for no less
than 2.5% of the rush hour visitors of the non-
residential buildings (except for the retail)




Streets and neighborhoods in which walking is
possible

Basic requirement: smart location connectivity

The preferred locations (internal connectivity)
An urban environment for a connected and
open community is required

An urban environment for a connected and
open community is required

Minimizing the area of the car parking plot
(reducing the use of private cars)

Integrated development and mixed-use
development towards guided transportation

Access to the public and urban spaces and the
recreation facilities

Z3: 90% of the functional entrances of the buildings
are connected with the distribution network or with

the public places
Z4: Elements of Furnishing the Street
Z5: Fagades and entrances
Z6: Using the ground level and car parking lots
Z7: Speeds of design for the travel of pedestrians
and bicycles easily
Z8: Planting the trees and making shades for the
streets
SLL's basic requirement is smart location
connectivity
The preferred locations (internal connectivity)
Z9: Filling locations
Z10: The neighboring locations with connectivity
Z11: Transit paths
Z12: Connectivity with the neighboring locations

Z13: Type of the location
Z14: Connection

Z15: Intersections of a distribution network inside
the project
Z16: Internal connectivity of the project

Z17: Print of the cars (car parking)

Z18: Designing and constructing the project to meet

the residential densities
Z19: Ratio of the construction coverage
Z20: Ensuring that 20% of the residential units are
within a number of the required uses
Z21: Access to the public and entertainment spaces
Z22: Index of access to the recreation facilities

Easy accessibility to the facilities of the
transportation system and the public
transportation system

National New Construction 2016 Accessibility to local services

Infrastructure for low-carbon emission vehicles
(bicycle facilities)

L1: The distance (m) from the main entrance of the
building for each specified public transportation
node
L2: Types of public transportation that serve the
specified node
13: All the buildings are located within the specified
distance of at least two basic facilities
L4: Providing the rest of the means of comfort by
using other applicable means of comfort
L5: Bicycle network
L6: Bicycle storage areas
L7: End of service facilities for the lines of bicycles,
bathrooms for public schools, administrative
buildings, and industrial buildings

Easiness and accessibility to transportation and
public transportation facilities

Infrastructure for low-emission vehicles

BREEAM Communities technical (motorcycle facilities)

manual

Movement and transportation (safe and
fascinating streets)

M1: Accessibility to public transportation

M2: Bicycle riding network

M3: Areas for storing the bicycles and the annexed
infrastructure

M4: Safe and fascinating streets Reorganizing the

movement paths and distributing the suitable
activities

M5: Safe and fascinating streets’, pedestrian roads,

and landscapes

Reducing the area of car parking (reducing the
use of private cars). And the infrastructure for
low-carbon emission vehicles
Alternative and collective means of
transportation with low carbon emissions
(reducing the negative effects of

Green Star Design and As Built transportation)

v1.2
via public transportation means

Infrastructure for low-emission vehicles
(motorcycle facilities)
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Accessibility to the infrastructure and services

N1: Reducing the area of car parking lots

N2: Reducing the effects resulting from
transportation by encouraging active modes and
reducing the dependence on private cars

N3: Arriving at destinations via public
transportation means
N4: Active transportation facilities, such as bicycle
parks and relevant facilities, are provided.
N5: Facilities of the final destination for ordinary
cyclists, building tenants, and permanent visitors
(bathrooms)



Streets and neighborhoods in which walking is

possible

N6: The neighborhoods in which walking is
possible as eight services and facilities are provided
within 400 meters of the project.

Easiness and accessibility to the public
transportation facilities

CIVITAS Initiative Refined
CIVITAS process and impact
evaluation framework

The transportation system and the
infrastructure for using bicycles
Transportation system (car)

Transportation system (walking).

Q1: Material accessibility to the transportation
services
Q2: Increasing the opportunity for walking, as the
walking facilities should be of high quality to
minimize the negative effect of other patterns

Q3: Cycling (an opportunity to ride bicycles)
Q4: Index of the transportation system (car parking)

* The population density is a scale that is used to measure the average number of individuals in a certain area, and it is calculated as follows: the number of
residents in a certain area or the total area of the region. individual/m?.
** The population density (constructional): it is called the average constructional density or the average elevation from the ground, and it is calculated as follows:
The total area of the region divided by the number of residential units is residential unit/m?

5.2 Table analysis discussion

By analyzing the data in Table 1, it can be observed that the
standard of accessibility of the transportation services and its
indices, which are represented by the symbols (X4, Y1, Y6,
Y7,71,L1,L2, M1, N4, Q1), and the preferred locations (the
internal) and their indices, which are represented by the
symbols (Z13, Z14), can be the most important standards
sustainable transportation depends upon, whether the
accessibility to the location or the public transportation
facilities or to the local services and the possibility to transit
from inside the location to measure the size of the internal
connectivity of the fabric in addition to its surroundings. These
two indices were chosen to measure the characteristics of the
historic fabric for their role in enhancing the sustainability of
transportation by encouraging access to public transportation
and reducing dependence on personal vehicles for
transportation to and from the historic city.

6. THE RESULTS AND THE MEASUREMENT
MECHANISM

The process of measuring the selected standards to identify
the potential of the urban fabric structure that is required for
sustainable transportation systems. The standard of the
preferred locations was measured through the indication of the
number of internal intersections the location possesses using
AutoCAD 2016 and ArcMap 10.8. After calculating the
internal intersections in the historic city and dividing it by its
total area to determine the rate of internal intersections in the
historic city, in addition to calculating the internal connectivity
of the location and the surrounding area to a distance of (400)
meters from the circumference of the historic city.

The results of the rate of intersections were compared
according to the reality of the fabric of the historic city and the
neighboring areas and the requirements of the index. As for
the criterion of accessibility to public transport services, it was
measured through the process of analyzing the urban fabric of
the historic city of Mosul according to the theory of space
structure through its application (Depthmap 10UCL), in order
to reach the capabilities offered by the fabric for sustainable
modes of transport and identify the transit axes for each of
these modes (active mobility, cycling, walking, and public
transport) [32]. As these modes are at the top of the hierarchy
of sustainable modes of transport [33]. In addition to the
analysis of the fabric according to the program (ArcMap 10.8),
the percentage of coverage of the transit service that can be
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provided by the main axes of the urban fabric of the historic
city for public transport according to the requirements of the
accessibility index for transport services of 400 m.

6.1 Indicators of the density of internal intersections of the
historic city and its neighboring areas Z13, Z14

6.1.1 The rate of internal intersections in the historic city was
calculated using the AutoCAD program to measure the level
of connectivity and permeability within the site

The area of the historic city was 2.4 km?, and the number of
internal intersections in the historic city reached 816
intersections.

Intersection rate = number of intersections/area of the
historic city = 340 intersections/km?.

The result was compared with the values of the international
standard shown in Table 2 and Figure 1. The results of the
comparison showed that the urban fabric possesses the ability
for internal communication and a large permeability of up to
226%, which is the upper limit required for urban fabrics.

Table 2. Standards and indices of evaluation of international
systems for sustainable transportation

Intersection Density Evaluation of Internal

Intersection/km? Connectivity (Transmittance)
75-93 poor
94-112 medium
113-131 good
132-150 very good
> 150 excellent

6.1.2 The rate of internal communication for the neighboring
areas was calculated for a distance of 400 meters from the site
boundaries, and this area represents the transitional area
between the modern city and the historic city

The area of the transitional area at a distance of 400 m from
the boundaries of the historic area is 3.1 km?2,

The number of intersections in that area is 899.

Intersection rate for the area surrounding the historic city:
the number of intersections/area of the transitional area for a
distance of 400 m from the boundaries of the historic area =
290 intersections/km?.

The result was compared with the international standard,
according to Table 3. The comparison results showed a high
rate of internal communication and permeability in the tissue
surrounding the historic city, reaching 188% of the upper limit
required for the urban tissue surrounding the historic city.



Table 3. The values of internal connectivity (permeability)
based on the international standard for a distance of 400 m
for the perimeter of the historic area

Intersection Evaluation of Internal Connectivity
Density (Permeability)
116-154 accepted
> 154 good

Figure 1. The intersection density for historic city and
surrounding transition area for 400 m

6.2 Index of accessibility to transit paths X5

Through this indicator, transit paths that contain
transportation nodes required to transport people to their
destinations are measured. According to international
indicators, the location of any functional entrance to any
building in the area is determined within a walking distance of
400 meters from the current or planned bus, tram, or unofficial
transportation stations. The purpose of this indicator is to
provide public transport services and reach them based on the
effectiveness of walking to reduce dependence on the use of
personal vehicles.

This indicator was measured in two ways: the first by means
of space syntax theory and its program UCL 10, and the
second by the GIS system and ArcMap 10.8 program.

6.2.1 Spatial structure analyses

The theory of spatial structure was employed to measure the
standard of accessibility to the transit paths, to identify the
potentials of the historic city's urban fabric, and to measure the
extent to which the historic city is integrated with the rest of
the urban fabric of the city. This theory is based on the analysis
and description of the social and behavioral characteristics of
the various types of human communities that produced the
spatial urban systems, attempting to make them abstract and
express them mathematically using an analytical and
topological analysis by means of studying the relations
between the elements that constitute the spatial structure
systems. This theory rests on two basic features in the process
of analyzing those systems, which are symmetry — asymmetry,
distribution, and non-distribution [34] that were measured
using local scales and which are represented by the space and
its adjacencies connected to it directly through the
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characteristics of connectivity and the position control in
addition to comprehensive scales that determine the nature of
the relationship with the rest of the spatial system via the
integration characteristic as the latter represents the relative
symmetry within the spatial system and it is measured from
the inverse result of the relative asymmetry of the system [34].
The spatial structure analysis of Mosul axes was
conducted to measure the extent of connectivity of
the historic city with the rest of the urban fabric of
Mosul city in order to measure and identify the main
transit axes that can be used in the public
transportation systems by means of determining the
value of the comprehensive integration characteristic
the main axes of the historic city possess, which
could be developed compared to the spatial system of
Mosul city in general. The results were as follows:

* The highest value of integration was (2.1) in the path of
the third bridge—Festivals Minassah.

* The average value of the integration was 1.35, but the
lowest value on the level of the city was 0.45.

* The average value of the integration was (1.89) for the
path of Historic Bridge Street—Ras AlJaddah.

* The average value of the integration was (1.8) for the path

of AlFarooq Street-Bab AlJadeed, as shown in Figure 2.
The spatial structure analysis of historic Mosul city
and the transitional area around it was conducted to
study the spatial integration characteristics of the
fabric with its surroundings, and the results were as
follows:

* The highest value of integration was (4.6), while the
average value was (2.4), and the lowest value on the level of
the historic area was (1).

* The average value of the path of AlFarooq Street—Bab
Aladeed was (4.02) path code 1.

* The average value of the path of the historic bridge, Ras
Al-Jaddah, was (3.99) path code 2.

* Also, results showed that there are movement axes in the
historic fabric that have relatively high integration values, as
shown in Table 4. and Figure 3. It can be used in active
mobility (cycling) because it has a width that allows the use of
these media within the fabric; the width of these axes exceeds
3 m. The width of the track designated for bicycles must not
be less than 1.5 m in all cases, taking into account the
specificity of the historic fabrics. Which can be used as cycling
and walking paths at the same time.
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Figure 2. The intersection density for historic city and
surrounding transition area for 400 m



Table 4. Integration values of the axes inside the historic city

Path Integration Path Integration
Code Average Value Code Average Value
8 2.28 8 2.6
4 2.2 9 2.57
5 2.15 10 2.55
6 2.54 11 2.69
7 2.67 12 2.32

— The spatial structure analysis of the historic city of Mosul
and the transitional area around the city was conducted
to study the characteristics of connectivity of the historic
fabric with its surroundings, and the results were as
follows:

* The highest value of the connectivity characteristic was
4234, while the value of the connectivity characteristic was
204. On the other hand, the lowest value of the connectivity
characteristic was for the historic area (1).

* The average value of the connectivity characteristic of the
AlFarooq Street-Bab AlJadded path was 2065.

* The average value of the connectivity characteristic of the
historic bridge-Ras Al-Jaddah path was (1169).

The results of the connectivity characteristic showed that
there are axes that possess relatively high connectivity values
in the historic city's urban fabric. In addition to other axes
whose width exceeds 3 m and have high positional control
values, which can be used as paths for bicycles and walking at
the same time, as shown in Table 5 and Figure 4.

Figure 3. A diagram of the integration of the historic city
(the researchers)

Table 5. Integration values of the axes inside the historic city

Path Average Path Average
Connectivity Connectivity
Code Code
Value Value

3 120 8 122

4 98 9 180

3 78 10 164

6 228 11 130

7 209 12 127
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Figure 4. Communication plan for the historic city
(Researchers)

6.2.2 GIS analysis

An analysis was conducted according to the GIS system of
the main movement axes of the historic city, and the result was
according to the analysis of the main axes of the historic city.
The area of non-coverage according to the criterion of 400 m
is 40.8 hectares, out of the area of the historic city of 240
hectares. The non-coverage rate reached 17.05% of the area of
the historic city, as shown in Figure 5.

-5 NNV N T S S0 e £ i
Figure 5. The percentage of coverage of public transport

axes for the main axes of the historic city
(Researchers)

7. DISCUSS THE RESULTS

e  The results showed that the historic fabric of Mosul city
possesses a high value of internal connectivity with a
value of (344) intersections per km?, and this value is
higher than the highest limit of the international
standards, which is 155 intersections per km?. It forms a
supporting factor for the pedestrian environment in the
historic city.

. Results showed that there is a high integration average
for the AlFarooq-Baba ALJadeed (1) path and the path
of the historic bridge-Ras AlJaddah (2) path, with values



of (1.8) and (1.89) respectively, compared to Mosul city
as a whole, and this result is in agreement with the theory
that the main axes of the traditional centers that possess
high integration values are considered the main spaces
that generate the fabrics of the city (Figure 2).
The historic Mosul city fabric is located in the middle of
the historic city on the right bank of Mosul, and several
main transportation axes are connected to it. From the
north, it is connected to the fifth bridge path with an
integration value of 1.72; from the south, the path of the
second bridge is connected to it with an integration value
of 1.89, as shown in Figure 2. Results show that there are
multiple choices in terms of accessibility to the historic
city through those axes, as it is possible to exploit them
in constructing public transportation systems in a way
that serves the public transportation system in the
historic fabric of the city. It can be used to build public
transportation systems to link the historic fabric of the
city of Mosul with the city of Mosul completely.
Some alleys are shown in Table 2. Integration values are
close to the average value of the system, which possesses
the ability, in addition to possessing width values greater
than 3 m. It is possible to take advantage of these alleys
in developing bicycle networks along with the activity of
walking and linking them with the axes of the main path
network of the historic city to develop active modes of
transport within the historic city (walking and bicycles).
The results of the analysis showed that the analysis of the
local control feature had high values for the two axes of
Farouk Street (New Gate) and the Historic Bridge (Ras
Aljada), where the local control values for them were
(1.98) and (2.01). As the connectivity values reached
(2065) and (1169) relative to the average value of
connectivity, which amounted to 204 for the entire
system, these results directly affect the possibility of
choosing these axes as transit axes for public transport
by establishing a transport contract and according to the
400 m index to cover the largest possible area to serve
the historic city.
The high values of the results of the spatial analysis of
the main axes of the historic city, with the high
percentage of coverage carried out by these axes through
the analysis of the GIS system, which reaches more than
83% of the historic fabric, showed that these axes have
the potential to transform into transit axes for public
transport that effectively serve the historic region, which
activates sustainable transport by reducing the need for
personal vehicles for transportation.
The presence of high internal correlation index values for
the historic city, amounting to 226% of the global index, with
high internal correlation values for the neighboring regions,
which amount to 188% of the global index, makes the historic
fabric a supportive fabric for walking environments, with high
index values for the transit axes of public transport, which
have high values of integration, connectivity and local control
for the axes of Al-Farouk Street - Bab Al-Jadeed and the path
of Ras Al-Jisr - Ras Al-Jada, in addition to the possession of
these axes for a coverage rate of public transport service of up
to 83%. According to the analysis of the GIS system, which
makes these axes supportive of public transport in a large way
for the historic fabric, according to the index of internal
connectivity and permeability of the historic fabric and its
neighborhoods, in addition to the indicator of transit axes, the
historic fabric is considered a supportive fabric for the work of
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sustainable transport systems within it (active mobility and
public transport) according to global indicators for sustainable
transport.

8. CONCLUSIONS

The research found through the measurement process of
the high values of the indicators that were measured (the
index of internal interdependence and permeability, which
indicates the presence of a supportive environment for
pedestrians, and the index of access to crossing paths,
which indicates the existence of a supportive environment
for public transport), that the historic city possesses urban
formal characteristics that qualify it for the work of
sustainable transportation systems within its historic
fabric effectively.

Activating the work of sustainable transportation systems
in the historic fabric reduces dependence on personal
vehicles for transportation, which leads to reducing the
negative effects of personal vehicle transportation, which
greatly affected the characteristics of the urban fabric of
the historic city because it encroached on areas of the
urban fabric balance of the historic city for its movement
and parking and bypassed the pedestrian environment, as
shown in Figure 6. This helps to preserve its formal
characteristics and gives it the ability to develop at the
same time.

e

Figure 6. Erosion of the historic urban fabric due to overuse
of personal vehicles

The indicators that have been used in urban form address
the strategy of reducing reliance on personal vehicles for
transportation and depending on public transportation to
meet the majority of the transportation needs for the
residents of the historic city, but the historic city needs
future studies to investigate the case related to indicators
that work on the prevention strategy and reduce the need
for movement by providing basic service acts.
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