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Abstract Metropolitan areas are parts of the city that
are often crowded, especially during peak times, because
they always contain major commercial centers and stores,
the most important government institutions that provide
services to citizens, and other vital and important facilities
for the city. The increasing demand of citizens on these
parts of the city has made its streets more congested with
cars and vehicles, and thus obtaining sufficient and suitable
spaces for parking has become a very difficult matter that
users face daily when they visit metropolitan areas.
Therefore, providing parking areas became a major
concern for any modern city planning, and consequently,
modern innovations such as car stackers, automated
robotic systems, hydro park systems, and other smart
parking systems were adopted to solve car parking
problems. Nevertheless, the problem still exists in
Egyptian cities because of their high fees, lack of security,
and difficulty of use in many cases. The aim of this paper is
to propose a comprehensive model to solve the problem of
parking lots in metropolitan areas in Egyptian cities by
giving comprehensive solutions capable of providing
parking spaces while retaining cost efficiency and other
basically necessary factors required to achieve the best
quality of life in the urban environment. This model is
expected to achieve economic advantaged, as shown below
in the cost-benefit analysis section.

Keywords Automobile Parking, Traffic Congestion,

Metropolitan Areas

1. Introduction

1.1. Background and Rationale

Multidimensional car parking in urban towns is caused
by a car parking supply-demand imbalance and, in most
cases, exacerbated by poor land use planning and
over-projection of future requirements. There are various
reasons why the problem is widespread, including high car
ownership, population density, and inefficient public
transport provision systems, among others, to make it an
international problem in towns in both developed and
developing nations. It should be noted that even though the
issue is identical across all cities, the vast number of
proposed solutions in literature are the peculiarity of every
city [1]. To address the problem, for example, some studies
recommend combined planning and management measures
such as the implementation of new parking technologies.
Some recommend combining parking supply and demand
management into parking management design methods. In
short, to address urban parking issues, a combined solution
with meticulous management, planning, and the utilization
of advanced technologies is necessary. According to Amer,
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et al. [2], the literature guidelines are that strategies ought
to be framed according to each city's distinct needs while
paying attention to serving more general goals of the
community, like promoting urban mobility and making
cities efficient and livable [3].

1.2. Scope and Limitations

Car parking has become a basic requirement in various
cities around the world. This is due to the increase of its
inhabitants in the demand for the acquisition of cars and
reliance on them as a major means of transportation. Car
parking becomes a barrier in traffic movement because of
the deficiency of current parking policies, traffic
management, and the inefficiency of the use of its available
resources in different cities [4]. Ample studies have been
conducted in the last three decades to understand the
drivers’ behavior and to analyze their demand for parking
by evaluating parking characteristics and the gap between
demand and availability [4, 5]. The researchers have found
that old cities are often densely populated and congested
with buildings with limited surrounding spaces and narrow
streets. Therefore, the increasing number of cars in the
same urban area makes car drivers spend a long time
finding car parking spaces [6].

Banerjee and Al-Qaheri [6] said that architects and
urban designers should search for new solutions to provide
more car parking spaces in urban metropolitan areas while
intending to reshape their urban form to maintain the urban
spaces, aesthetic standards and environmental qualities.
Studies concerning finding car parking solutions may
integrate problems related to parking techniques,
characteristics, and drivers’ behavior of parking choice.
Furthermore, other factors like accessibility, walking time
from and to parking lots, parking information systems, and
parking management should be given greater attention [6].
In a related study, Parmara et al. [4] said that most studies
emphasized that parking prices, arrival distance, and travel
time are important characteristics influencing the behavior
of parking users. Therefore, these studies can be useful for
concluding parking characteristics, challenges, and related
parking demand levels, and which of the solutions may be
the best for a certain area [4].

1.3. Research Problem

Egyptian metropolitan areas still suffer from the scarcity
of parking spaces versus parking demand, as the number of
private cars still increases constantly, while the spaces
allocated for their movement and parking remain constant.
On-street and off-street parking are the most common
parking systems found in the Egyptian urban community,
and drivers cruise and rush to find space within them in
congested cities, and this raises levels of air pollution and
adds more to the crowd. However, the Egyptian
government has begun to adopt modern car parking
systems, such as automated, lift-up, and smart systems, but

because of their high economic costs, they are still under
study and have not spread widely in the Egyptian streets.
Most studies concerning the car parking problem
incorporated the price of parking, traveling distance, and
traveling time. However, urban planners and architects
should take into consideration some other factors when
thinking of parking solutions, such as the environment and
the economy. Thus, the main research problem is that
metropolitan areas still suffer from the lack of parking lots
versus their increasing demand. Furthermore, saving
precious spaces for more parking lots may include
solutions not compatible with the congested roads, urban
aesthetics, and the Egyptian environment and economies.

2. Research Objectives

Increasing car ownership and the inadequate land use
planning both pose pressures on the possibility of finding
car parking spaces in metropolitan areas. This has led to a
big gap between parking demands versus their supply. The
main objective of this research is to solve car parking
problems in metropolitan areas by addressing the
imbalance between the supply of parking lots and their
demand. In this context, the paper discusses car parking
problems in metropolitan areas in order to address a
number of general guidelines and solutions. Car parking
solutions should help to achieve the quality of citizens’
lives through considering the aspects of planning,
technology, management, environment, and aesthetics.
The paper examines the problem of car parking in cities
and urban areas in order to set general principles and
guidelines for parking solutions. To achieve the quality of
citizen’s lives, the concluded solutions should consider the
aspects of planning, management, technology,
environment, and aesthetics. The research objectives are:
1. Identifying the symptoms and causes of the car

parking problem and its negative impact. Studying
and examining successful approaches provided for
solving the problem from management and planning
levels.

2. Studying modern and technological solutions used in
parking systems, especially those that consider
environmental and aesthetic values.

3.  Learning to solve car parking problems based on
comprehensive and general guidelines.

3. Literature Review

3.1. Overview of Car Parking Issues in Egyptian
Metropolitan Areas

According to Parmara, et al [4], parking problems,
parking applications, and their developing demand versus
parking choice and drivers’ behaviors are discussed in
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detail as an integral part of urban transport systems. In the
literature, greater attention has been given to parameters
such as accessibility, walking time, parking tariffs, guiding
and information systems, management, etc. However,
useful studies have been concerning the overall parking
systems and providing important information for parking
planning, designing, and evaluating [4]. According to the
statistics of the Central Agency for Public Mobilization in
Egypt, car sales in Egypt were constantly increasing by
10% annually from 2017 until 2022, but then they
continued to decline until the present time due to the
economic crisis and the rise in foreign currency prices
compared to the Egyptian pound [7]. In addition to that,
according to World Bank statistics, the cost of congestion
in Egypt—Cairo alone—is estimated at 3.6% of the
country’s gross domestic product, or about 100 million
pounds annually in Greater Cairo alone [8].

The problem of parking spaces in Egypt is represented
by a number of main aspects and challenges: The severe
shortage of parking spaces coincides with the increase in
the number of cars, as many areas lack sufficient parking
spaces, which leads to increased congestion and the
accumulation of cars in the streets. Drivers also do not
adhere to traffic laws and parking regulations, which leads
to more chaos and obstruction of traffic. Although the state
issued Law No. 150 of 2020 regulating parking spaces, its
implementation still requires more efforts to better
organize parking. In addition, poor land use planning by
not taking into account the provision of sufficient parking
spaces, as well as the presence of many occupancies on the
roads and the control of Al-Sayis, a man who stands to
organize parking informally, over public and free parking
spaces, has exacerbated the problem, especially while
parking lots under state supervision are expensive. Most of
the existing buildings are noted to be dominated by shops
and commercial activities on their ground floors, given the
limited spaces on which public buildings are built and the
lack of parking spaces next to or near them. If it exists, it is
limited only to senior employees working there. These
manifestations get worse in crowded urban areas that
contain vital facilities that provide services to citizens and
are crowded with them, such as universities, companies,
and government agencies.

It is also noted that the number of cars is increasing
compared to the width of the roads allocated to them, as
well as the number of places allocated for parking. This
results in drivers violating traffic rules by waiting in
prohibited places, as well as waiting in a second row and,
in some cases, a third row. Especially since the traffic
police often prohibit waiting in many places to prevent
traffic knots and car congestion, especially at peak times,
many shop owners prevent citizens from waiting for their
cars in front of their shops. One study recently concluded
that the randomness and control of parking spaces by the
groom have exacerbated the problem, as the groom himself
directs citizens to wait incorrectly in pursuit of financial
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gain—the groom’s income exceeds 2,000 pounds per day.
However, the Egyptian government has striven diligently
to solve the problem of parking spaces in order to ensure
that it does not escalate into a chronic one. It has allocated
off-street parking spaces for a fee at a variety of prices,
depending on the type of car, whether private or rented, and
according to the number of waiting hours. Also
confiscating the barriers and parking barriers that residents
and shop owners put up to prevent citizens from waiting in
front of them and cleaning them for public parking. In
addition to that, establish multi-story garage projects as
well as hydraulic garage projects.

3.2. Existing Solutions and Models

Vekariya [9] mentioned that two types of parking can
mainly be observed inside cities: on-street parking and
off-street parking. On-street parking can be defined as the
area allocated on one side or both sides of a street for car
parking. On-street parking can be in the form of parallel
parking, 30°angle parking, 45<angle parking, 60<angle
parking, and 90<parking (Figure 1). Off-street parking is
an area outside the street and is often found in airports,
railway stations, commercial centers, or other similar
large-scale projects. In this type of parking, different types,
such as surface car parking, multi-story car parking, roof
car parking, mechanical car parking, and underground car
parking, are included, Fig. 2A and Fig. 2B. In recent years,
metropolitan areas have become cramped and clogged
because the increasing car-dependent traffic turned the
streets into highly congested movement channels [9]. Thus,
congestion of on-street parking gives a challenging
problem due to the continuous increase of its demand,
especially in peak hours [6]. The availability of on-street
parking may adversely affect the feasibility of highway
traffic and may increase the level of traffic accidents.
Moreover, more negative effects on other issues such as the
environment, business, public transport, and property
values may occur [10].

road

60°

Figure 1. Concept of on-street parking [11]
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Figure 2. Types of off-street parking [9]

Car parking problems were tackled recently in many
countries around the world. In the USA, the Harding Steel
organization has proposed 14 wvariant models of
above-ground, subterranean, semi-automated, and fully
automated parking systems for US urban communities.
According to the Harding Steel organization [12], the main
cause of car parking problems may be that many people
still use private cars over buses and other means of
mobility, while the lack of parking lots in urban areas is
becoming an increasing complication. In this regard, the
Harding-Steel organization [12] has proposed a solution
that raises land efficiency by saving more space. This
solution is called shared parking and allows several drivers
to park in the same area during the day and evening,
therefore saving more space. Furthermore, smart parking
systems have become another solution that facilitates
monitoring the availability of parking lots in urban areas
and informing users of this remotely by using applications
such as smartphones and computers, Fig. 3A and Fig. 3B.
Mechanical stack parking depends on providing parking
lots laterally with multiple levels around a building. This
type of parking can either improve space efficiency as it
uses movable platforms to store cars vertically with
hydraulic lift mechanisms [12, 13].

A Comprehensive Model to Solve the Problem of Car Parking in Metropolitan Areas:
A Case Study of Mansoura City, Egypt

S

Figure 3. Smart parking systems concept and operation [14] [15]

Sharma, et al. [16] expressed parking problems and their
solutions in Kota City, India. He considered the main
problem to be caused by the fact that parking management
is not accurate in metropolitan cities. The huge population
and the increasing number of private cars in the city, along
with the scarcity of parking areas, caused parking problems,
which resulted in traffic congestion. Therefore, the most
powerful solution to such car parking problems is the
managerial solution; parking management can be an
effective tool helping in reducing the use of private
vehicles and encouraging mass transportation facilities;
indeed, this permits providing more spaces for parking and
alleviating one of the causes of traffic congestion.
Furthermore, Sharma et al. studied the possibility of using
some of the worldwide solutions suitable for the
problematic areas of Kota City. Some of these solutions are
short-term and the others are long-term, but Sharma et al.
concentrated on long-term solutions to give more chances
to alleviate problems. They recommended assigning an
authority to look after traffic facilities such as roads,
flyovers, and pedestrian walkways. The authority should
make that within comprehensive master plans, enhancing
the use of bicycles and walking besides mass transportation
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in order to reduce the dependence on private cars [16].

Ibrahim [1] conducted a comprehensive study on the
problem of car parking in Egyptian metropolitan areas. He
examined the car parking problem in Egyptian cities and
expressed several new solutions used in this respect.
According to lbrahim, the main cause of the parking
problem in urban areas is that people prefer private cars,
which creates a huge imbalance between parking demand
and parking supply, resulting in traffic congestion and
environmental pollution. Car parking is usually provided in
three main types: off-street parking — parking lot, on-street
parking — curb parking, and parking structures, and they
should be included in city planning. Each one of these three
types has three main elements that can be considered
solutions for the parking problem: quantity, quality, and
management. Parking efficiency can be enhanced by good
management, including prices, regulations, and
well-organized sharing between users. Furthermore,
modern technological solutions such as automated systems
can be suitable for areas with high prices and crowds all the
time [1].

3.3. Global Examples of Smart Parking

Smart parking is transforming urban mobility through
the application of technology to regulate parking demand
more effectively. Smart parking typically involves the
application of sensors, smartphone applications, and
dynamic pricing to reduce congestion and simplify parking
for drivers. Smart parking has been applied in cities all
over the world to address traffic, pollution, and space
issues. Three examples of this following through are
outlined below, one from the USA, Spain, and South
Korea.

3.3.1. SFpark, San Francisco, USA

San Francisco's SFpark program uses sensors to monitor
the occupancy of parking spaces in real time. Drivers are
provided with information via a mobile app, reducing
parking seeking time. Dynamic pricing adjusts prices
based on demand, with the goal of stimulating turnover. It
has reduced traffic circling by 30% and increased meter
revenue. The program improves traffic flow and reduces
greenhouse gas emissions [17] (Figure 4).

Figure 4. Credit card machine for parking reservation in SFpark, San
Francisco, USA [17]
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3.3.2. Smart Parking System — Barcelona, Spain

Barcelona employed smart sensors and smartphone
applications to manage public parking. Sensors track
on-the-move occupancy and guide drivers via a virtual app
using smartphones. Public transportation is also connected
with the system to promote multimodal travel. It has
reduced traffic congestion generated by parking searches
by 21%. Therefore, environmental quality and parking
efficiency have shown a notable improvement [18] (Figure
5).

ﬂ CENTRAL PARKI

Figure 5.
Spain [18]

Central parking in which smart parking is applied, Barcelona,

3.3.3. Seoul's Smart Parking, Seoul, South Coria

Seoul's smart parking system is rooted in mobile
applications, 10T sensors, and electronic payment
infrastructures. It is equipped with real-time availability
and booking features that can be accessed on a smartphone.
It is linked to over 100,000 parking spaces in the city. It
reduces the average time of searching for a parking space
by 43% and increases compliance. The program is just part
of the elements of Seoul's master plan of a smart city
(Figure 6).

Figure 6. Central parking in which smart parking is applied, Seoul,
South Coria

4. Materials and Methods

4.1. Research Model

The research intends to tackle car parking problems in
the study area in both the demand and supply dimensions



3790

A Comprehensive Model to Solve the Problem of Car Parking in Metropolitan Areas:

A Case Study of Mansoura City, Egypt

by formulating a comprehensive model based on both car
parking challenges and car parking requirements. The
model adopts a hybrid parking system that contains
traditional and automated solutions with the objective of

maximizing parking spaces inside the study area, (figure 7).

The first stage of the comprehensive model is to scan the
study area to review the current efforts of the private and
public sectors concerning parking facilities and to identify
current parking challenges and the requirements needed to
build a new and more efficient parking system serving the
area. In the second stage, the main constraints and
parameters concerning designing a successful parking
hybrid system are determined. Accordingly, various, and
complementary methods and solutions were used while
taking into consideration the available open spaces for
optimizing parking services in different zones of
metropolitan areas. The comprehensive approach provides
a general framework for supporting decision-making and
planning concerning car parking problems in metropolitan
areas, dealing with these parking problems, and providing
parking services in a systematic way.
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Figure 7. The hybrid parking system adopted by the research model

4.2. Data Collection Methods

The main source of data for this research is a survey

conducted by the researcher on the study area to draw a
holistic picture of the main features of individual travel
during working days of the week: origin, modes,
destination, and trip purposes with respect to demographic
variables such as age and gender. This survey reached
around 4-5% of Mansoura citizens with daily contact with
the greater metropolitan area of EI-Gish Street.
Furthermore, the research depended on Google Earth and
Google Maps applications to obtain some required
geographical data about the length of streets and areas of
off-street parking. This is because obtaining this data could
be complex because it was managed by several different
organizations, such as municipalities, districts, agencies,
and companies. Data collection by field survey and
geographical data from Google Earth and Google Maps
applications is made for two main types of car parking:
on-street and off-street parking, as follows:

1. Data collection on on-street parking: all
parking-related information is recorded, including
street section lengths, the number of permanent
fixtures such as fire hydrants, driveways, bus stops,
etc., the information always provided by regulatory
signage such as the strict prohibitions on parking, and
the types of parking that are available — public,
private, reserved, paid, free, funded, etc.

2. Data collection for off-street parking: data is
gathered regarding the locations of parking spots, the
kinds of parking that are offered, and the information
supplied by the parking regulations, which are less
variable than for on-street parking.

Other sources of data were obtained from official local
and national sources, such as the Dakahlia Traffic
Department, the Organization and Mobilization
Department in Dakahlia Governorate, and the East
Mansoura District Administration. Also, some other
information about the study area was obtained through the
researcher’s personal observations, which were related to
the urban characteristics of the area and the physical
characteristics of the streets and movement walkways for
vehicles and individuals alike. Therefore, this diversity of
information sources has helped in their comprehensiveness
as well as their objectivity and their ability to achieve the
maximum understanding of all aspects and features of the
research problem and thus the ability to achieve its
requirements, which will contribute significantly to
helping to solve it.

5. Case Study

5.1. Location and Characteristics

The study area is one of the most congested areas in the
city of Mansoura. It is the northern sector of EI-Geish street
starting from Dakahlia Governorate Building to the end of
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El-Nasr Mosque. According to the statistics of Dakahlia
governorate for the year 2022, the number of private cars in
the city of Mansoura has exceeded 500,000 cars. Certainly,
the study area will have the largest share of the movement
of these cars in it due to its traffic nature as a main artery
for movement connecting all parts of the city of Mansoura
and because it is the capital area that contains the
governorate's main building and most of the vital
governmental buildings and interests. Through the urban
analysis of the study area, the researcher has found that the
area contains a main road for cars with a width of about 75
meters, containing a central island with a width of about 33
meters (Figure 8). According to the official statistics done
by the Mansoura Traffic Department, the total number of
vehicles moving through this road is about 10,000 vehicles
per hour during peak time. Therefore, the main problem
monitored in the study area is the gap between parking
demand and parking spaces [19]. Parking problems are a
land-use problem caused by poor planning for urban areas
and the misuse of spaces inside them; moreover, they are a
managerial problem related to poor management of traffic
pressure and its necessary calculations inside the study
area.

Figure 8. The study area, adapted from [20] and edited by author using
AutoCAD and Microsoft Word
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5.2. Existing Parking Situation

This section analyzes three main factors to give a holistic
overview of how the parking process is provided in the
study area. Analyzing vehicle traffic flows and their effect
on parking need was the primary purpose of traffic
calculations. Step two is a land use survey to determine the
connection between various land uses and the demands of
parking. Step three is measuring the capacity and
availability of the current parking facilities and how
effectively they can serve current demands. Together, these
give a comprehensive analysis of parking issues and areas
of possible improvement.

5.2.1. Traffic Calculations

The researcher studied the current traffic volume
according to the rules extracted from the Egyptian Code for
Urban and Mobile Road Works, which is based on
calculating the current traffic volume in the study area (1),
which is the number of vehicles visiting the area per hour
during peak times as well as normal times. Furthermore,
the types of vehicles that arrived at the study location were
further analyzed and classified under private cars, taxis,
microbuses, and trucks. The prevailing directions of traffic,
which are just two directions, and the traffic flow speed in
both directions, and as well as the width of the road
right-of-way and sidewalks for each were determined [21,
22]. These traffic calculations have been conducted
because they are important for determining the demand for
parking spaces at different times of the day, along with
average waiting time and occupancy rates, as well as the
current supply of parking spaces.

V = N/t *60 1)

Where:

V = The number of Vehicles per hour

t = The period of mentoring in minutes

According to the equation attached above (1), the traffic
volume was calculated over a 20-minute period per hour in
four different periods of the day, as follows: from 9 am to
12 pm, from 12 pm to 3 pm (the final peak period), from 3
pmto 6 pm, and from 6 pm to 9 pm (the night peak period).
The average traffic volume for the four periods was
determined according to each type of vehicles (Table 1,
Figure 9 & Figure 10).

Table 1. The current traffic volume in the study area

Time period Type of Vehicles Sum.
Private cars Taxi Microbuses Trucks
9am-12 pm 480 240 222 18 960
12 -3 pm 675 339 312 24 1,350
3-6pm 795 399 366 30 1,590
6—9pm 615 309 282 24 1,230
Sum. 2,565 1,287 1,182 69 5,130
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Figure 10. Traffic volume per day

Table 2. Egyptian rates for parking areas according to land use. Derived from [23]

Land use Unit Required Number of Parking Spaces
Cinema Seats 1 for every 5 seats
Residence Unit 1 for every 2 units
Hospital Bed 1 for every 1 bed

School Student 1 for every 20 students

Clinics m? 1 for every 20 m?
Shops m? 1 for every 25 m?
Restaurants m? 1 for every 25 m?
Shopping centers m? 1 for every 20 m?
Administrative building m? 1 for every 20 m?
Stores m? 1 for every 25 m?




Civil Engineering and Architecture 13(5): 3785-3799, 2025

5.2.2. Land Use Survey

The researcher aims to identify the predominant land
uses in the study area and then compare them with the rates
of parking space requirements according to the type of land
use stipulated in the Egyptian Code for Urban and Mobile
Road Works. Then, estimate the number of parking spaces
required, especially since the study area is a main street
that contains the most important vital functions in the
metropolitan city of Mansoura and is frequented by
thousands of vehicles of various types daily (Table 2).

In this context, the researcher monitored the land uses in
the study area by using tables that recorded the building
types in terms of use along both sides of the path. The
researcher found that most of the land uses in the study area
are mixed residential/mixed buildings, which are 13-story
residential buildings with commercial shops, some
headquarters for investment companies, and some bank
branches on the lower floors, such as the ground and first
floors. The remaining uses are between public institutional
buildings and religious buildings. There are also
green/open public spaces such as gardens and parks
(Figure 11 & Figure 12).

OResidential/Mixed

@ Public/Institutional

DOReligious

OGreen/Open Spaces

Figure 11. Land uses distribution in the study area

The researcher noted through monitoring land use in the
study area that the ground and lower floors of all buildings
without exception do not contain parking areas for private
cars, which creates a lot of pressure on the parking spaces
available in the area, as residents in the area own the
number of cars that is often equivalent to half of the
residential units, which makes the task of parking cars for
visitors from outside the area almost impossible.

Furthermore, open spaces in the study area are
characterized by their scarcity and lack of optimal use, as
they are mostly green spaces that lack attractive landscape
elements for users. Furthermore, there is a lack of adequate
space for making off-street parking outside the street. The
number of spaces designated for off-street parking is very
small compared to the vast land use in the area. It can be
assumed that the built-up area on both sides of the track
represents no less than approximately 90% of the total area.
All of this has significantly impacted the balance between

3793

the masses and spaces in the study area.

5.2.3. Available Parking Facilities

It was noted in the study area that most parking spaces
are located on both sides of the road, close to buildings.
The vast majority of these spaces are on-street parking
spaces, which are often free due to government fees.
However, they are controlled by informal groups of
individuals called "sais" who charge for parking but
without a known accounting basis based on the number of
hours or location of the parking space. Although the state
currently supervises these groups of individuals, the state is
in the process of issuing a law to govern their work so that
they will be under the umbrella of local councils and
governorates (Figure 13).

As for off-street parking, there are approximately five of
these, four of which are controlled by informal groups of
individuals known as parking mercenaries "sais,” while
only one is formally affiliated with the Dakahlia
Governorate. In this formal parking area, parking fees are
charged based on the number of hours and it is managed by
employees of the local administration of Mansoura. The
number of parking spaces available at these locations is
clearly insufficient to accommodate the needs of visitors
from outside the area, as they were not designed and
operated specifically for this type of need. The importance
of listing these locations lies in the possibility of
calculating the occupancy rates for parking vehicles
according to their type, as well as their total number (2).
Here, the researcher listed the number of parking spaces
and the number of cars occupying them during the four
periods of an official working day (Table 3 & Figure 14).

OR =OP /TP * 100 @)

Where:

OR = The occupancy ratio

OP = The number of occupied parking spaces
TP = The total number of parking spaces

5.3. Parking Demand and Deficit

With the information obtained above, the researcher was
able to calculate parking demand based on the results of
inventorying the number of parking spaces available in the
study area and using the mathematical method (3). In this
context, the parking demand calculation was carried out
over a period of 20 minutes during the four periods
mentioned above, namely from 9 to 12 noon, from 12 to 3
pm, from 3 to 6 pm, and from 6 to 9 pm, on an official
working day during the week, taking the average of the
calculation results for the four periods. Furthermore, the
results of calculating parking demand are considered the
average number of parking spaces required per hour on an
official working day crowded with cars in an area
considered the most crowded in the city of Mansoura
(Table 4).
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Figure 12. Land uses in the study area

Figure 13. Possible on-street and off-street parking spaces in

the study area

Table 3. Parking Occupancy ratios

Type of Facility Total Number of Parking Spaces Number of Waiting Cars/Occupied Percentage of Occupancy
Parking Spaces (%)
Residential/ Mixed 150 160 106.7%
Public Institutional 50 59 118%
Religious 35 44 125.7%
Green/Open Spaces 50 55 110%
Summation 285 348 122.1%
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Figure 14. Parking occupancy ratios according to different uses

Table 4.

Parking Deficit

Type of Facility

Number of Existing Supply

Parking Demand

Parking Deficit

Residential/ Mixed

150

54

96

Public Institutional

50

20

30

Religious

35

15

20

Green/Open Spaces

50

20

30

Total

285

109

176

Then, the researcher was able to obtain the specific
numerical results for the parking deficit, which are shown
in (4). It is worth noting that the results are a numerical
expression of the waiting rate required by vehicles in the
study area, based on all the information obtained from the
previous steps, namely: Total number of public spaces,
occupancy ratios, Egyptian rates of parking according to
land uses, and parking demand. Hence, the results of
calculating the parking deficit represent the foundation
upon which the comprehensive model will be implemented
to help solve the problem of parking on Al-Geish Street in
Mansoura. Especially, it is noted from the results shown
below that the parking deficit was positive, which is a very
positive indicator of the ability to solve the problem using
innovative solutions based on the management and
organization of existing parking spaces and the fair
distribution of use (Table 4 & Figure 15).

D = N*t/60 3)

Where:

D = The parking demand in hours

N = The number of waiting vehicles

t= The average parking period in minutes

Parking deficit = Existing supply — Parking demand (4)
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Figure 15. Parking existing supply versus parking demand

5.4. The Proposed Model

The proposed model adopts a hybrid parking system
equipped with smart solutions and based on both the
traditional and smart solutions of parking systems. In the
study area, both on-street and off-street parking systems
are provided. According to the results obtained above, the
total number of parking spaces supplied for vehicles is 285,
and the total parking deficit is 176 parking spaces/hour.
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This means that there is a good chance for the vehicles
visiting the study to have parking spaces according to
parking occupancy ratios obtained above. Therefore, there
is no need to designate additional spaces for off-street
parking, although this may be a good choice for enhancing
the efficiency of the proposed parking system by this
research. Furthermore, utilizing the big central island,
located between the two traffic directions of El-Geish
Street, to construct diagonal on-street parking can give a
better solution, provided that this does not obstruct the
traffic flow. The priority in implementing these two
options is particularly in view of the future and expected
increase in the number of cars visiting the study area.

In addition, the management of all parking spaces in the
study area by the local administration of Mansoura City,
represented by the local council, is imperative and
indispensable in order to ensure proper utilization of
parking spaces according to the above-mentioned demand
rates, as well as to eliminate the phenomenon of parking
mercenaries parking mercenaries “Sais”, which has
significantly exacerbated the problem of finding parking
spaces in the current situation. In addition, legislation for
the use of parking spaces should be drafted to be clear to all
drivers using parking spaces, and these should be
advertised on the governorate's official websites and social
media.

Besides all the above, it is important to cope with the
problem of long-term parking. Many parking users in the
study area used to leave their vehicles for a long time that
may exceed 8 hours during the daytime and 12 hours
during the nighttime. Therefore, introducing a parking
system with a fee based on the number of waiting hours, or
in extreme cases, daily, monthly, or even annual
subscriptions for a reasonable fee, will certainly contribute
to strengthening the idea of preventing long-term waiting,
which has certainly been a major cause of the problem in
the study area. This is to say that a new strategy can be
added to manage parking spaces, i.e., parking can be maid
paid for per hour or according to tariffs matching the
required waiting periods, with the cost estimated in
proportion to the waiting time and the location of the
parking spaces on-street or off-street.

Then comes the technical and technological aspect,
which is concerned with adding technologies to improve
the quality of traffic within the study area, in terms of
redesigning vehicle traffic routes and emphasizing their
directions, as well as adding the necessary traffic signs and
signals as much as possible, especially those related to
directing to parking locations and their types in terms of
parking tariffs, as well as coding all of this with numbers
and symbols signed on spatial maps. These technologies
will certainly help pave the way for modern smart roads
integrated with parking management and operation, the
most successful of which has been the development of
mobile applications that provide drivers with information
about vacant parking spaces, their prices, and payment
methods, which are mostly digital. Operating mobile

parking applications requires the installation of electronic
sensors that detect whether parking spaces are occupied or
available and transmit this data to users via the internet.
This is part of the Internet of Things technology [24],
which has become embedded in most areas of human daily
life.

All existing parking areas can be covered by smart
parking applications, which consist of Internet of Things
[24] systems, sensors, and integrated software. This type of
smart parking system is introduced to users by a mobile
application, helping in gathering data on real-time parking
spaces available at the moment a user opens the application
(mobile app.). The included sensors will be installed in
parking areas to detect whenever the area is occupied or
vacant, and this information can be fed into the
cloud-based software so that it can reach all users.

Physically, the smart parking system will be integrated
into the urban fabric, specifically installed in both on-street
and off-street parking areas, and will be equipped with
embedded sensors and cameras on the street level or on
vertical pillars to detect vehicles' motions and data such as
their types and metal plates and ensure parking areas'
occupancy or vacancy (Figure 16). Furthermore, smart
barriers have been installed at both entry and exit points of
the parking area to function as access control poles. In
addition, a well-connected and secure pedestrian network
has been established, with high-quality walking conditions.
These movement routes will encourage users to park their
cars anywhere and walk any distance to reach their targeted
places in the study area. In addition to pedestrian routes,
public transportation stations and cycling routes with all
streetscape facilities and wayfinding systems are also
integrated into the parking system. Managerial kiosks will
be installed in the study area at different strategic points to
control, manage, and facilitate parking reservations,
navigation, and payment.
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Figure 16. The smart solutions of the proposed parking system
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5.5. Cost-Benefit Analysis

By implementing the proposed model, the total cost
required for its execution is expected to range between
30,000 and 100,000 US dollars, and it may increase with
the expansion of the project area and the number of cars in
the future. Regarding the current situation, the system can
be implemented in several phases by dividing the study
area into an appropriate number of sections according to
the financial plan of the city management. The model also
allows for electronic payment and collection in exchange
for drivers benefiting from parking spaces, which enhances
the financial return of the project. Economically, it is
expected that the model will take some time to achieve its
anticipated financial returns, while making it easier to find
parking spaces for cars and reducing congestion and traffic
accidents. However, it is expected that after five years, the
total revenues of the project will be around 10,950,000
dollars, while the total costs will be 2,240,000, resulting in
an expected profit return of 8,710,000 dollars. Based on
these assumptions, the expected profit return from
implementing the proposed model here in the research after
five years will be about 8.7 million US dollars, with an
average annual return of 1.74 million.

6. Results and Discussion

The study focused on Mansoura's EI-Geish Street, which
is a highly congested urban street with chronic parking
problems. Data collection studies indicate land use surveys
and traffic counting that reaffirm a continuous demand and
supply imbalance of parking. The study identified 285
parking spaces to meet an average hourly demand of 461
cars, meaning a deficit of 176 parking spaces per hour.
Most of the parking supply is in the form of informal
off-street space operated by "sais," resulting in inefficient
and unjustified use of space. More than 100% occupancy
rates were found across all land use types, the most
prominent being 125% for religious use. The land use
survey also showed an absence of parking provision within
building floors, particularly in residential-commercial
mixed-use buildings. Off-street parking space available is
in limited quantities and badly organized. The study
ascertains that most of the urban buildings lack reserved
parking spaces, and as a result, there is spillover demand.
Government statistics and Google Earth imagery
confirmed central green median underutilization and
potential sites for orderly parking development. The study
identifies an urgent necessity for regulatory, managerial,
and infrastructural change to alleviate short-term
congestion and long-term mobility sustainability.

The proposed solution is a hybrid model integrating
traditional and smart parking systems for better space use
and management control. The model suggests the
implementation of diagonal in-street parking along the
middle island on El-Geish Street without blocking traffic.
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Secondly, the available parking lots need to be managed by
the local council in order to offer fair access and put an end
to unofficial management by parking mercenaries. Analyze
a time- and location-based real-money-parking system to
determine stay-parking prevention and space turnovers.
Next-generation smart intelligent technologies such as loT
sensors, number plate recognition cameras, and mobile
applications are configured to form an information system
for real-time availability of parking spaces as well as a
booking system. The platform is programmed to improve
the driver experience, reduce cruising time, and optimize
operating transparency. The proposed infrastructure
includes intelligent barriers, grid pedestrian designs,
cycling paths, and the interlinking of public transport.
Payment via electronic means and monitoring of
occupancy are also proposed as a way of further optimizing
management. The model can be scaled up, flexible, and
locally data-based, therefore well-positioned to cater to
increasing urban demand. Overall, the model uncovers
how unified planning, intelligent technology, and overall
local administration can individually tackle parking
inefficiency in urban areas.

The observations further indicate that profound reform
of parking cannot be founded on technological
advancements but must be anchored on the platform of
institutional and behavioral change. High occupancy rates,
chaotic parking settings, and management of informal
operators are reflections of weak enforcement and
accountability. Implementation of the smart systems alone
would be futile unless supported by municipal government,
juridical institutions, and public sensitization. Research
emphasizes the necessity of efficient signing, tariff systems
relying on zoning, and pedestrian access to ensure that any
system of parking will succeed. Urban aesthetics and land
use efficiency are also maintained by incorporating parking
systems within public spaces rather than in individual areas
of land. An environmental plan must balance economic,
social, and environmental factors in order to offer equity to
residents as well as visitors. The article proposes that smart
parking is not only an information and communications
technology innovation but also a governance and spatial
design matter. It is argued that optimizing the available
spaces by the use of real-time information and legal
certainty is more affordable than building new park
buildings. The proposed hybrid model is therefore in
harmony with international best practice while being
locally based. The response can be considered a pilot
model for other Egyptian and regional city municipalities.

The model aims to optimize parking efficiency but does
have an impact on travel and user behavior. In this context,
behavior change is typically aimed at encouraging drivers
to use mobile apps, adopt dynamic pricing, or shift away
from traditional roving to pre-booked parking. Previous
research has established the bases that convenience,
perceived usefulness, and confidence in the technology
have been forces behind users' adoption to a large degree.
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Social norms and previous experience also affect the extent
of adoption of the users. However, ease of use of the
interface, stability of real-time information, and explicit
definition of benefits in terms of stress reduced and time
regained are factors that encourage user adoption.
Behavioral nudges, e.g., time-saving proportionate
reminders or job opportunities reminders, were also found
to increase user use. The measure of acceptance in the past
has been assessed using the Technology Acceptance Model
(TAM) and the Unified Theory of Acceptance and Use of
Technology (UTAUT), which capture dimensions of
perceived ease of use, performance expectancy, and social
influence. Therefore, to encourage longer-term behavioral
change, some local governments have incorporated smart
parking into more comprehensive transport demand
management strategies, e.g., parking discounts for
car-sharing or coordination with public transport apps.
Combined strategies are more successful at inducing
sustainable traveling behavior than parking in isolation.

7. Conclusions

This study discovers that parking issues in Egyptian
urban areas, such as El-Geish Street in Mansoura, are
complex and multidisciplinary. They are a result of
motorized expansion, lack of adequate planning for the
parking usage, informal parking habits, and the absence of
official managerial systems. The study validated that
parking demand far exceeds supply, leading to congestion,
increased traffic density, and wasted space utilization. A
combined shortage of 176 parking spaces is an indicator
of the need to embrace composite solutions in response.
Through traffic information integration, land use planning,
and management policies, the paper proposes a composite
parking system integrating traditional designs and smart
technologies. The model maximizes empty urban spaces
and improves users' experience through real-time
information, e-payment, and guided navigation. The
model also discourages the storage of cars for extended
periods and promotes turnover by tariff-based charging.
The results indicate that an effective, technology-enabled
parking system can transform mobility within urban
density enclaves. Success will, nevertheless, depend on
coordination among city planners, city governments, and
vendors of technology. The bottom line is that sustainable
reform of parking is a context-sensitive, holistic process
that examines the spatial and behavioral dimensions of
urban mobility.

In conclusion, the study offers an inclusive model that
can overcome the frequent car parking problem in
Mansoura City and offers realistic recommendations
towards reducing traffic congestion as well as optimizing
utilization of space. Application of the model has
excellent chances of promoting urban mobility as well as
transport efficacy in general. The study underscores the
importance of integrated planning practices with

technology as well as policy-based initiatives. The study
also puts emphasis on continuous monitoring of data and
stakeholder collaboration in subsequent studies. Second,
the model is a template for other metropolitans suffering
from parking congestion. Future research should target
smart parking systems and adaptable urban planning
technologies to be utilized. Finally, the model is expected
to achieve an 8.7 million US dollar profit after five years
of implementation with an average annual return of 1.7
million. This means that the model is able to prove its
success in moving forward with its use as well as in
spreading it to other similar cities in Egypt.

Acknowledgements

We are very grateful to experts for their appropriate and
constructive suggestions to improve this template. This
paper is an expression of our family's and friends' constant
love and support during this difficult academic journey.
Our parents, who fostered our interest and encouraged our
academic pursuits from the start, have my sincere
appreciation.

REFERENCES

[1] Ibrahim, H., "Car parking problem in urban areas, causes
and solutions.” in 1st International Conference on Towards
a Better Quality of Life. ElI Gouna, Egypt, 2017. pp. 1-13,
doi: https://doi.org/10.2139/ssrn.3163473

[2] Amer, A, Elalfy, A, and Farrag, N., "Study on car parking
issue of Egyptian cities", Research Aspects in Arts and
Social Studies, BP International, vol. 9, pp. 1-32, 2023.

[3] William, Y., Russell, T., and Michael, T., "A review of
urban car parking models,"” Transport Reviews, vol. 11, no.
1, pp. 63-84, 1991, doi: https://doi.org/10.1080/014416491
08716773.

[4] Parmara, J., Das, P., and Dave, S., "Study on demand and
characteristics of parking system in urban areas: a review,"
Journal of Traffic and Transportation Engineering (English
Edition), vol. 7, no. 1, pp. 111-124, 2020, doi:
https://doi.org/10.1016/j.jtte.2019.09.003.

[5] Liu, Y., Wang, W., Ding, C., Guo, H., Guo, W., Yao, L.,
Xiong, H., and Tan, H., "Metropolis parking problems and
management planning solutions for traffic operation
effectiveness,”" Mathematical Problems in Engineering, vol.
2012, pp. 1-6, 2012, doi: https://doi.org/10.1155/2012/678
952.

[6] Banerjee, S. and Al-Qaheri, H., "An intelligent hybrid
scheme for optimizing parking space: A tabu metaphor and
rough set based approach,” Egyptian Informatics Journal,
vol. 12, no. 1, pp. 9-17, 2011, doi: https://doi.org/10.1016/j
.ij.2011.02.006.

[71 Agency, C., Egypt statestics on public mobility, The
Central Agency for Public Mobilization and Statestics
Online available from  https://www.capmas.gov.eg/



(8]

[°]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Civil Engineering and Architecture 13(5): 3785-3799, 2025

(Accessed Jan. 12, 2024)

Nakat, Z., Cairo traffic congestion study, World Bank
Online available from https://www.worldbank.org/content/
dam/Worldbank/TWB-Executive-Note-Eng.pdf (Accessed
Feb. 9, 2024)

Vekariya, S., On-street and off-street parking, Slide
Share.net Online available from https://www.slideshare.net
/SagarVekariya2/on-street-and-off-street-parking?from_act
ion=save (Accessed Feb. 12, 2024)

Yousif, S. and PhD, P., "On-street parking: Effects on
traffic congestion,” Traffic Engineering and Control,
vol.40, no.March 2000, pp. 1-8, 1999, doi:
https://www.researchgate.net/publication/46212892_On-st
reet_parking_Effects_on_traffic_congestion.

Decosoup, W., Design issue: Car parking space,
Decosoup Online available from https://www.decosoup.co
m/advice/1184-what-is-the-minimum-sixe-of-a-parking-sp
ace (Accessed June 10, 2025)

Myers, R., Innovative solutions that solve parking problems,
Harding Auto Park Systems Online available from
https://www.hardingaps.com/ (Accessed Oct. 1, 2020)

Wayleader, O., Five innovative parking solutions for urban
workplaces in 2024, Wayleadr.com, Online available from
https://wayleadr.com/blog/5-innovative-parking-solutions-
for-urban-workplaces-in-2024/ (Accessed May 28, 2024)

NEC, O., Smart parking system, NEC Corporation India
Online available from https://in.nec.com/en_IN/solutions_
services/intelligent_transport_solutions/smart_parking.htm
I (Accessed May 5, 2024)

Insite, A., How smart technologies are revolutionising car
parks, Insite Online available from https://insite.ipwea.org/
how-smart-technologies-are-revolutionising-car-parks/
(Accessed June 10, 2025)

Sharma, K., Prjapati, P., and Jain, M., "Problem of parking

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

3799

and their possible solutions with special reference to Kota
City," CPUH-Research Journal, vol. 2, no. 1, pp. 18-24,
2017, Online available from: http://www.cpuh.in/academic
s/pdf/DrKirti-parmesh-mridul.pdf.

Rogers, J., SFpark: Re-imagining How We Park in SF,
Online available from https://www.spur.org/news/2010-07
-30/sfpark-re-imagining-how-we-park-sf (Accessed Jul. 18,
2025)

Central-Parking, B., Smart Parking Barcelona, Online
available from https://centralparkingbarcelona.com/en/
(Accessed Jul. 18, 2025)

Meida-Center, T., Traffic statistics, Egypt Traffic Gate
Online available from https://traffic.moi.gov.eg/Arabic/Pa
ges/default.aspx (Accessed July 7, 2022)

Google-Maps, A., Google maps, Google Maps Online
available from https://www.bing.com/maps?q=%D8%A7
%D9%84%D9%85%D9%86%D8%B5%D9%88%D8%B1
%D8%AI&FORM=HDRSC6&¢cp=31.043352%7E31.381
735&IvI=14.3 (Accessed Mar. 22, 2025)

Khisty, J. and Lall, K., "Transportation engineering: An
introduction”, 3rd edition. Upper Saddle River, NJ, Prentice
Hall, Vol. 1, 2002, pp. 813.

HBRC, A., "Egyptian code for urban and mobile road
works", 1st Edition. Egypt, Housing Building Reserach
Center, 2025, pp. 65.

Ismael, T. and Abobakr, S., "Evaluation of minimum
parking requirements as a main effect on urbanization
effeciency (Egyptian case study)," Journal of Al-Azhar
University Engineering Sector, vol. 18, no. 69, pp.
1030-1041, 2023, doi: https://doi.org/10.21608/auej.2023.
226617.1390.

Marei, H., 10T parking, lotblue.com Online available from
https://www.iotblue.com/stories/use-case-iot-for-smart-par
king (Accessed April 15, 2025)



