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Parking significantly influences urban traffic management, affecting congestion, traffic
flow, and intersection performance. Off-street parking, in particular, can reduce on-
street parking demand and enhance road capacity. Still, if poorly integrated, it may
increase traffic volumes, congestion near access points, and delays at adjacent
intersections. This study reviews existing literature on the relationship between
parking and traffic conditions, emphasizing simulation-based approaches. It uses the
SIDRA Intersection software to assess the impact of a proposed off-street parking
facility within an urban network. The analysis includes both existing and projected
traffic scenarios, evaluating key performance metrics such as delay, vehicle queuing,
and level of service (LOS). Key considerations include access point design, signal
coordination, and intersection control strategies to determine the facility's integration
efficiency. The goal is to evaluate whether the new parking facility improves or
worsens overall traffic performance and to suggest mitigation strategies for any
negative impacts. Findings from this research will offer practical insights for urban
planners and transportation engineers, supporting the development of parking
solutions that enhance mobility and maintain efficient traffic operations in urban
environments.

1. Introduction

Arriving at a place with delays or
challenges in parking significantly reduces the

Parking is vital in urban traffic utility of a car. For optimal efficiency, a
management, influencing congestion, traffic  transportation system must have sufficient
flow, and intersection performance. It can also parking facilities at all locations that generate
impact surrounding road networks by altering trips [1]. Parking facilities are generally
vehicle movement patterns. This chapter  gefined as any building, land, right of way, or
reviews existing studies on the relationship  srycture used for the off-street parking of
between parking and traffic conditions, yehicles [2]. It can be public or private, and it
focusing on research utilizing traffic simulation has many types. Different vehicle types utilize
tools for traffic analysis. It also explores  yarious parking designs, each tailored to fulfill
strategies to optimize parking integration and  gpecific roles, locations, parking regulations,
minimize negative effects. The findings from and traffic demands.
this review provide a foundation for the study,
shaping its methodology and objectives. 2.1 Off-Street Parking

2. Parking Facilities

Off-street parking refers to designated
parking areas where vehicles can be parked
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away from public roads. Unlike on-street
parking, which takes place along curbs and
roadways, off-street parking provides a more
organized and often safer alternative for
vehicle storage. These parking areas can be
found in various forms, including surface lots,
parking garages, and other facilities
specifically designed to accommodate vehicles
[3].

Off-street parking facilities can be
classified according to their ownership,
geographical location, and intended use. They
may be either outdoor or indoor, depending on
their structural design. Outdoor parking areas,
such as surface lots, are typically open-air and
found in commercial centers, residential areas,
and public spaces. Indoor parking, on the other
hand, includes multi-story parking structures
and underground garages that offer protection
from weather conditions and often enhance
security [4].

2.1.1 Types of Off-Street Parking

As follows, the main types of off-street
parking [3].
2.1.1.1 By Ownership

e Public Parking: These facilities are
owned and maintained by municipalities
or government agencies. They are
generally accessible to the public,
sometimes free or available at a regulated
fee. Public parking can be found near

transportation hubs, commercial districts,
and recreational areas.

Private Parking: Owned by businesses,
organizations, or individuals, private
parking facilities are usually restricted to
authorized users. These may include
office building parking lots, apartment
complex garages, and shopping center
parking areas.

2.1.1.2 By Usage Duration

Short-Stay Parking: Designed for brief
visits, such as retail shopping or quick
errands, these facilities often have higher
hourly rates to encourage turnover.
Long-Stay Parking: Typically found at
airports, train stations, and business
districts, long-term parking options allow
vehicles to remain parked for extended
periods at a lower daily or monthly rate.
Contract Parking: Also known as leased
parking, this arrangement allows
individuals or businesses to rent parking
spaces on a monthly or yearly basis,
commonly used in business districts
where demand for parking is high.

2.1.1.3 By Facility Type

Surface Lots: Open parking areas without
overhead structures, commonly found in
commercial and residential areas.

Perpendicular Parking Layout

A
xit

Perpendicular or 90* parking maximize space efficiency and easy flow of traffic.

Oblique Parking Layout

Oblique parking provides ease of circulation and parking of vehicles.

Figure 1: Surface parking
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2.1.2 Parking Garages

Structures designed to maximize parking
include vertical or multi-level parking spaces
found in retail areas attached to shopping
malls, restaurants, and entertainment centers,
which accommodate customers. However,
some of these parking lots serve as Park-and-
Ride Facilities, designed to promote the use of
public  transportation. These lots are
strategically located near transit hubs where
commuters can leave their cars and continue
their journey via buses or trains.

There are many types of parking garages, such
as:

2.1.2.1 Multi-level parking, or vertical parking,
is a parking complex designed to accommodate
vehicles across numerous tiers, as shown in
Figure 2. This facility can accept a greater
volume of cars simultaneously and optimizes
vertical space use. Multi-level parking is
intended for residential buildings and business
entities such as malls, retail centers, offices,
and multiplexes.

o~

]

e

Figure 2: Multi-level parking in Kuala Lumpur

2.1.2.2 Multi-story car parks: Public places
with limited or inadequate space, such as city
centers, business districts, and other high-
traffic regions, might benefit from this form of
parking, as seen in Figure 3 [5].

i

Figure 3: Al-Sinak multi-story car parks.

2.1.2.3 Underground car parks: Built under the
ground level of the building, this kind of
parking allows cars to access and leave the area
by means of ramps, therefore connecting them
to the ground. Figure 4 demonstrates its fit for
usage in service buildings, business centers,
and residential buildings [6].

Figure 4: Underground car parks.

2.1.3 Benefits of Off-Street Parking

There are many benefits in adopting off-street

parking that can be listed as follows [7-8].

e Reduces Traffic Congestion, by providing
dedicated parking spaces away from the
road, off-street parking helps reduce the
number of vehicles searching for spots along
busy streets.

e Enhances Safety, off street facilities help
minimize roadside hazards, such as sudden
stops and obstructed visibility, which can
lead to accidents.

e Maximizes Land Use Efficiency, multi-story
garages and underground parking solutions
enable better space utilization, particularly
in densely populated urban areas.

e Improves Aesthetics and Organization, by
keeping vehicles off main roads and
sidewalks, off-street parking contributes to a
cleaner and more organized cityscape.
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2.1.4 Challenges of Off-Street Parking
There are many challenges in adopting off-
street parking that can be listed as follows
[9].

High Construction and Maintenance Costs:
Building parking garages and maintaining
them can be expensive, particularly in urban
centers with high land costs.

Space Allocation Issues: Finding sufficient
space for parking facilities in dense cities
can be challenging, often requiring
innovative solutions like automated parking
systems.

Environmental Concerns: Parking with
large-sized lots contributes to stormwater
runoff issues and urban heat islands,
prompting the need for eco-friendly designs
such as green roofs and permeable
pavement.

Off-street parking is essential in urban
design, facilitating effective  vehicle
management and alleviating congestion on
public thoroughfares. As urban areas
expand, contemporary parking solutions,
like automated parking systems and
intelligent parking technologies, are being
devised to improve efficiency and
sustainability.

2.2 On-Street Parking

Curb facilities are an alternative designation
for them. These parking facilities often
denote the parking of a vehicle on public
roads or streets, at the curbside, along the
edge of the carriageway, on lateral strips
parallel to the roadway, or in designated
locations such as squares or other surfaces.
This facility is located in retail districts near
the entrance of high-traffic shopping
establishments, providing swift access for
users. This type of garage is a prevalent
method of parking in urban and suburban
regions [5].

According to the operational and regulatory
frameworks, there are three categories of
on-street parking facilities:

« Long duration parking

* Restricted parking for a limited time
with stringent regulations enforcement

«  Payment Parking, which involves fees

2.2.1 Types of On-Street Parking

Figure 5 and the following table
demonstrate the several forms of on-street
parking that may be classified according to
the angle of the road alignment [10]:

e Parallel parking is when cars are parked side

by side with the road, as the name implies.
As far as parking accidents are concerned,
it's the safest option. One potential
drawback is that it might use up all of the
available curb space, limiting the number of
cars that can fit along that stretch.

e 30° parking: Compared to parallel parking,

the number of cars parked in this
configuration is much higher. Its reduced
traffic delays and enhanced maneuverability
are two of its many benefits.

e 45° parking: As the parking angle is

increased, the total number of cars that
might be serviced also increases.

e 60° parking: In this instance, automobiles

may be parked at a 60° angle relative to the
orientation of the road. Consequently, an
increased number of vehicles may be
accommodated.

e 90° (right angle) parking: Cars have to

engage in complicated maneuvers in this
configuration, which may result in serious
collisions. The possibility of it slowing
down traffic is also directly proportional to
the road's width.
However, curb parking has a significant effect
on urban dynamic traffic, causing many
problems such as congestion, accidents, delays,
reduced levels of service, and traffic speed.
Mainly, the inhabitants tend to curb parking
because of their desire to be as close as feasible
to their intended destination. The road capacity
is most influenced by curb parking, where a
single car can effectively close a lane and lose
the capacity of the adjacent lane; sometimes, at
small street widths, the entire capacity of the
roadway is affected. The vehicle's starting,
backing, and stopping during the parking
maneuver are physically obstructing other
traffic movements. The presence of vehicle
occupants on the roadway, the opening of
vehicle doors, or people emerging from
between parked automobiles often disrupts the
efficient flow of motor traffic [1,11].
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Figure 5: On-street parking Types [10]

On-street parking and accidents have a
definite  relationship; they are directly
responsible for some of the 20 percent of urban
street accidents, not just for cars but also
pedestrian accidents, and cause one-half of
school-age children killed in traffic. Local

streets have more curb accidents than major
and collector streets. Furthermore, curb parking
causes more accidents on one-way streets. As
for intersection curb parking, it is more
hazardous as it restricts the traffic sight
distance for drivers crossing or entering the
major streets. Prohibition of curbside parking
on major streets reduced the accident rate from
12 to 90%. Angle parking is more hazardous
than parallel parking; it leads to a higher crash
rate because of its challenging maneuvering
and results in a greater reduction in road
capacity. [12].

The research aims to provide a clearer
understanding of the impact of curb parking on
the width of the street. Table 1 shows how
much the street width and capacity decrease
with the number of stopped cars on the street
side.

Table 1: The Impact of Parked Vehicle Quantity on Roadway Width and Capacity [13].

Capacity lost at 24 Km/hr.

Vehicles parked per km (both sides,

Carriage way width effective loss of (M)

(PCU/hr.) parallel parking)
200 3 0.3
275 6 1.2
475 30 2.1
575 60 25
675 120 3
800 300 3.7

2.3 Parking Management

Among the most significant methods to
make transportation more sustainable is to
improve parking management. There are a lot
of different ways to handle parking, but when
done well, parking management may
drastically cut down on the number of spots
required in a given situation while also
providing an extensive number of other
advantages [14]:

2.4 Parking Demand and Supply

The rule of supply and demand has a
significant impact on the parking phenomena.
The supply shows the amount of parking places
that are available for a specific area. Generally,
the curb parking problem is not constant; it
varies depending on several factors such as the
functional classification of the street system,
land use type, the vehicle demand in the area,
etc. Curb parking is essential, but we must
restrict it to reduce congestion and associated

« enhancing quality service of user.

» Making land-use patterns more accessible.
* Reducing automobile traffic.

* Reducing pollution, traffic, and accidents.
» Making communities more appealing.

* Enhancing mobility for non-drivers.

accidents. In several cases, the financial losses
resulting from accidents and congestion caused
by curb parking would likely cover the cost of
comparable space in off-street parking
facilities. Side-impact or rear-end collisions are
also a concern. [1].
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The type of land use usually dictates the
parking needs. For residential services, such as
housing, communities generally set a minimum
number of parking places per dwelling unit,
bed, or room; for commercial uses, such as
offices and stores, this is often expressed as a
floor area unit. According to the increasing
growth rate, these requirements have grown,
and they fall between 3 and 4 spots per 1000 ft
(0.3 km?) of the building’s floor area [15].

One of the two most important factors is
the rise in the number of available parking
spots.  Every new construction project is
required by law to include a certain minimum
parking level. The second issue is that
designers and innovators aren't always ready to
provide enough parking to satisfy customer
demand. To reduce parking congestion at
nearby institutions, these  requirements
primarily aim to guarantee that suitable parking
is accessible near destinations. There has been
criticism of this technique due to the fact that
meeting these criteria sometimes requires large
amounts of land and significant investments in
both capital and upkeep [16].

Parking demand is defined as the quantity
of parking utilized at a certain time, place, and
duration. Parking needs are affected by many
things that are different in each area, including
the type and amount of land use, cultural
norms, the users' socioeconomic status, and the
availability of other ways to get around.
Moreover, these characteristics  exhibit
variability both within and across metropolitan
regions, while they remain comparable [13].

The demand for urban parking escalated
with the rise in vehicle ownership, resulting in
a significant traffic problem in the central
business districts of cities. Predicting parking
demand is crucial for known parking planning
as it provides critical data for establishing the
appropriate size of the parking facility[17].
Parking needs tend to repeat themselves on a
daily, monthly, or yearly basis. On weekdays,
for example, parking demand in office-business
ZOnes rises.

However, weekends are when most people
want to park, especially at popular venues like
restaurants, theaters, and markets.

Moreover, parking demand may fluctuate
due to alterations in transportation, land use,
and demographic factors. Let's assume that a
structure transitions from residential to
industrial or commercial use. The density and
configuration of the area may change, along
with the quality of transportation services, all
of which influence parking demand and
duration. The duration of parking fluctuates
based on the objective of the trip. Commuters
require prolonged parking and exhibit more
price sensitivity.

Existing parking space availability, high
parking prices, below-capacity property use,
and multi-purpose trips may all act as brakes
on parking demand. The amount of available
parking, on-site circulation, the required space
for vehicles to maneuver, and the waiting time
and congestion that come with it are all factors
that are taken into account. The demand for
parking at a certain place is affected by all of
these variables. Finally, the current parking
supply system determines the actual use of
available parking spaces, making it tough to
estimate parking demand when designing
parking facilities [18].

2.5 Problems of Parking in The Central
Business District (CBD)
Parking is a substantial problem in several
urban areas. In densely populated regions, the
central business center serves as a magnet for
traffic, driven by heightened commercial and
economic expansion, leading to a substantial
rise in vehicular mobility [19].
Parking in the Central Business District is
contentious owing to a disparity between
demand and availability. When the demand for
parking spots surpasses the available supply,
the hunt for parking becomes imperative.
Transportation planners have challenges in
addressing parking problems, especially in
commercial areas. Locating a parking place in
the urban commercial district is laborious [20].
Owing to scarce and costly land resources,
parking in the majority of urban areas is a
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challenge for drivers and traffic managers.
Research indicates that more than 8% of all
motorists in urban areas search for parking,
with this figure escalating to 30% and an
average duration of 8.1 minutes in central
business districts (CBD) during peak hours
[21]. Moreover, parking lots might adversely
affect metropolitan areas [22].

A negative consequence of insufficient
parking places to satisfy demand is "cruising
for parking." Owing to a lack of suitable curb
space, drivers use indirect routes to locate
parking near their destinations. The waste of
time and fuel significantly elevates travel
expenses [21].

Conversely, despite being cognizant of the
risks linked to prolonged cruising, individuals
remain in search of on-street parking, incurring
marginal fuel expenses to evade the exorbitant
fees associated with off-street parking, thereby
engaging in a trade-off between financial
expenditure and time investment [21, 23].

Two scenarios happen as a result of parking
cruising. First, cruisers suffer direct expenses
due to the time wasted looking for parking,
which could have been saved elsewhere.
Second, this extra travel causes more traffic, air
pollution, wasted time, and irritated drivers,
which may raise the risk of accidents and hurt
the economy in places with few parking spots,
especially if there aren't many other ways to get
there [24-25].

An increase in cars requiring parking may
be mitigated by augmenting the availability of
parking spots or managing demand using
Transportation Demand Management (TDM)
strategies [26].

Therefore, the creation of advanced
technologies like Intelligent Parking Services
(IPS) has eliminated the need to navigate urban
parking spaces. With the use of real-time data
collecting, IPS provides parking
recommendations and reservation services to
assist passengers in finding available parking
places. But the cruise procedure is now much
faster because of this new technology [27].

2.6 Negative Effects of Parking

Many road users, such as pedestrians,
cyclists, and vehicles, are in densely populated
places. The capacity of all road users to
navigate efficiently and securely is essential in
managing mixed-use transportation. The result
is some of the detrimental implications for
drivers:

2.6.1 Congestion: Parking is an essential
consequence of the transportation of humans
and goods into and within metropolitan
regions. Parking contributes to traffic
congestion when several cars seek to access
certain sites concurrently, compounded by
insufficient road and parking infrastructure to
support them. Loss of street space and the
resulting congestion are among the negative
consequences of parking. There is less space on
the streets, travel times are longer, and delays
are more frequent. Consequently, the
community suffers a substantial economic
setback as car running expenditures rise. The
capacity of traffic flow is reduced, and
congestion worsens when vehicles park on
carriageways. The path is effectively blocked
from moving traffic when one vehicle stops in
the middle of a curb lane. There are two ways
in which curbside parking reduces available
roadway space. To begin with, it obstructs the
path of traffic. Additionally, it is common for
nearby lanes to become inoperable due to
parking and unparking activities [28].

2.6.2 Environmental pollution: Fewer
vehicles are on the road, which means lengthier
commutes and more frequent delays.  The
community's economy takes a significant blow
as a result of the increase in automobile
operating expenses. When cars pull over onto
highways, it slows traffic and makes
congestion worse. When one car pulls into the
center of a curb lane, it blocks the way for all
oncoming vehicles.  Curbside parking limits
the amount of road space that may be used for
driving in two ways. To start with, it blocks
the road.  Furthermore, adjacent lanes often
become impassable as a result of parking and
unparking operations [29]. Road traffic
contributes up to 70% of air pollution, while
industrial pollution contributes 30%. Motorized
vehicles are the primary source of air pollution
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because of their exponential growth resulting
from technological advancements, particularly
in transportation. The principal pollutants
created by motorized vehicles are CO and SO:
[30].

Sustainable transportation and smart cities
aim to lessen the toll of human traffic on the
environment without sacrificing efficiency.
Restricting the availability of parking spaces is
a common practice in many cities throughout
the globe. Vehicles causing traffic jams are
those that actively seek parking spots and
utilize the parking strategy [31].

3. Car Ownership

The city of Baghdad has seen tremendous
economic  expansion, motorization, and
urbanization from 1976 to 2022. World
Population Review data shows that from 1976,
when Baghdad's population was 2.5 million, it
has increased by 7.2 million (2022).
Urbanization, more frequent travel, and an
increase in everyday activities are all outcomes
of this population growth. With 2,479,898
vehicles and 28,351 motorbikes registered at
the General Traffic Directorate till 2020,
Baghdad governorate ranked sixth in Iraq for
car and motorcycle usage. The increase in car
imports and the high incomes of citizens,
particularly employees, have contributed to this
trend.

The current growth in these percentages is
due to financial loans to everyone, yet the roads
have been neglected and undermaintained,
leading to traffic bottlenecks, unlawful parking,
and distorted road designs.

Another transformation in Baghdad City is
the fast spread of new retail centers (malls),
which augments the workforce and enhances
attraction activities, leading to congestion in
the adjacent malls. Insufficient planning and
research have resulted in several problems for
shopping malls and its vicinity, including
inadequate parking availability and strain on
the transportation network, among others.
Construction of new commercial malls, poor
public transportation, a lack of other options
for getting around town, a firm reliance on
private cars, and extensive illegal parking on
municipal streets contribute to the city of
Baghdad’s current traffic issues [32].

4. Local Regulation

The  Baghdad Mayoralty's  design
department issued various rules and regulations
concerning the construction of Iraqi local units,
including a parking ordinance disseminated to
municipalities in 2012. The ordinance specifies
the quantity of parking places mandated for
various land use classifications, as seen in
Table 2.

Table 2: Required Parking space for diverse land use types according to the mayoralty of Baghdad.

Type of land use

Parking places Requirements

local companies and government institutions
supermarkets and malls
Universities

3 spaces per 100 m’
5 spaces for each 100 m*
3 spaces per 100 m’

5. Review of Parking Studies

Parking studies include a diverse array of
subjects both domestically and internationally,
and while each nation has unique
characteristics, they all exhibit some
similarities. This section comprises studies on
parking, categorized into two classifications:
local and international.

5.1 Previous International Studies of
Parking.

Chawdhury [33] examined the availability
and demand for parking spaces in the
commercial area. A total of 280 vehicles per
hour were available in the area. Nevertheless,
488 people used it over the week. There is a
shortage of supply compared to the demand.
Findings from the study indicate that problems
can't be solved without first establishing a
management structure.

Zhang and Zhu, [34] considered the issue
of parking alternatives via the introduction of
charge thresholds and proposed a plan for
making reasonable adjustments to parking
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Ccosts. They found that cars are more
accommodating to parking on the curb than in
designated off-street spaces. However, drivers'
habits change when on-street parking becomes
expensive. Additionally, it has been found that
drivers with less driving experience and those
who were older had a greater threshold for
parking fees. Also found that drivers were
willing to pay more to have shorter walks. For
buildings that are difficult to reach on foot, the
authors suggested raising the cost of parking on
the street.

Mangiaracina et. al. [35] found in their
study that motorists searching for free parking
contribute to 30% of daily traffic congestion in
major downtown areas. Researchers developed
a model to simulate urban parking before and
after implementing a Smart Parking system in
Milan, Italy. The system uses sensors in pay-
and-display  parking spaces to  show
availability. The study revealed two key
benefits: increased revenue for parking
operators by reducing unpaid parking and
reduced fuel consumption and emissions for
drivers. The findings suggest that Smart
Parking could save each driver 77.2 hours and
€86.5 in fuel annually while reducing Milan’s
CO: emissions by 44,470 tons per year.

Yan et al. [36] demonstrated the parking
strategy's influence on improving vehicle usage
and parking demand. It was discovered that
visitors respond to parking restrictions by
moving to another parking facility rather than
choosing an alternate mode of transportation.
The writers came to the conclusion that putting
together pricing and regulatory measures that
shorten the time it takes to search for and leave
a parking space has a bigger impact on demand

than the sum of the effects of each measure
when used alone.

Eka et al. [37] investigate the impact of
parking on traffic performance along the Cisaat
Sukamanah Highway near Cisaat Baru Market
in  Sukabumi, West Java. The highway's
performance receives a B rating, yet parking
demand remains high, particularly on Sundays.
There were 4,709 motorcycles and 2,210 cars
parked, with peak accumulations at specific
times. The parking turnover rates indicate
heavy usage, exceeding the capacity of
available spaces. This inefficiency leads to
congestion, negatively affecting traffic flow.

Gedefaye Geremew, [38] highlights the
critical issue of insufficient parking in Debre
Markos City, which is causing significant
traffic congestion due to rising taxi demand and
population growth. The inadequate road
facilities, combined with on-street parking
problems such as double parking and reduced
vehicle maneuverability, result in narrow road
widths and impaired traffic flow. On-street
parking diminishes road capacity by 24.1%
from legal parking and an extra 25.89% from
unlawful double parking. Removing on-street
parking may enhance road capacity by 49.9%
and decrease travel time by 36%. The study
also finds a direct correlation between
increased parking occupancy and decreased
vehicle speed. The findings suggest the need
for proactive policies to manage parking,
enforce regulations, and incorporate parking
management into urban planning to improve
traffic flow and reduce congestion.

The Previous international studies of

parking are summarized in Table 3.

Table 3: The previous research of parking studies

Author(s) Year Study Area Type Findings
1 Chawdhury 2014 Business district Demand-Supply Parking demand (488) exceeded supply
[33] parking supply/demand analysis (280); a management system is needed.
. .. Drivers prefer curbside parking; high
2 Zhang and Zhu 2016 Parking pricing Behavioral study  fees alter behavior; older drivers tolerate
[34] strategies .
higher fees.
Mangiaracina Smart Parking in . . Smart Parking re(.iu(.:es gnpeud par.klng,
et al. [35] 2017 Milan, Ttaly Simulation study fuel use, and emissions; saves drivers
' ’ 77.2 hours and €86.5 annually.
. . Pricing and regulations reduce
4 Yan et. al. 2019 Parking strategy impact Policy evaluation  search/egress time and influence parking
[36]. on demand

demand.
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Parking impact on

Eka Gandara 2021 Cisaat Sukamanah
et. al. [37]. .
Highway
On-street parking in
6 Gedefaye [38] 2024 Debre Markos,
Ethiopia

Traffic impact

erlg;?rfliilce High demand causes congestion; heavy
p analysis usage exceeds capacity, affecting flow.

On-street parking reduces road capacity
by 49.9%; travel time decreases by 36%

analysis .
y if removed.

5.2 Previous Local Studies of Parking

A wide range of studies have examined parking
issues and possible remedies in Iraqg.

Previous research, like that of [39-40], examined
university parking issues, emphasizing notable
imbalances between parking availability and
demand. This research highlighted the absence
of comprehensive rules, legal frameworks, and
strategic planning as key factors leading to
inefficiencies in campus parking. Their results
made it clear how important it is to have clear
parking rules, improve existing facilities, and
come up with organized ways to deal with the
growing need for parking.

Al-Obaidi et al. [41] -evaluated parking
efficiency in Baghdad by examining critical
metrics like the parking turnover, parking index,
and parking duration. Their findings revealed
that although some parking facilities functioned
below capacity, others frequently encountered
overcapacity owing to poor management and
inadequacies in electronic gate control systems.
Al-Jameel [42] investigated significant parking
deficiencies in core metropolitan areas,
recommending the development of a multi-story
parking facility and the use of intelligent parking
systems integrated with sensors to improve
efficiency.

Hassan Kadhim [43] introduced a smart parking
system utilizing Arduino technology, allowing
vehicles to identify and reserve vacant parking
spaces through a smartphone application.
Alabassi and Al-Jameel [44] developed an
ultrasonic  sensor-based system aimed at
mitigating parking constraints at universities by
providing real-time availability information.
Sonya et al. [45] The study examines the impact
of on-street parking on traffic congestion at
Gajah Mada St., Rambipuji, and Jember. High

parking demand reduces road width, disrupting
traffic flow. It was noted that removing on-street
parking increased road capacity by 25%, reduced
saturation by 25%, and raised vehicle speeds by
11%. Parking data showed significant variations
across vehicle types, with high turnover and
occupancy rates indicating inadequate parking
supply. The findings highlight the need for better
parking management to improve traffic flow in
commercial areas.

Rukaya and Hasan [46] The research
investigates the influence of on-street parking on
traffic congestion along Al-Rasheed Street in
Baghdad. Limited space and increasing car
ownership result in on-street parking that
narrows lane width, causes bottlenecks, and
exacerbates peak-hour congestion. The VISSIM
simulation indicated that the elimination of on-
street parking resulted in a 46.6% enhancement
in traffic flow, a 38% decrease in travel time,
and a 69% reduction in vehicle delays. The
findings underscore the necessity for enhanced
parking management to optimize urban traffic
efficiency.

Al-Rikabi [47] devised an intelligent parking
management system that governs vehicle access
according to real-time space availability, hence
minimizing search durations and enhancing
overall efficiency.

Jony et al. [48] discovered a substantial
deficiency of legal off-street parking spots in Al-

Hilla, resulting in inefficiencies in parking
usage.
Al-Tamimi and Asmael [49] researched

Baghdad's Al-Mansour district, a prominent
business center, and discovered that the current

parking  infrastructure =~ was  inadequate,
exacerbating significant traffic congestion.
Similarly, [50] examined on-street parking
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challenges in Al-Najaf, uncovering prevalent
occurrences of unlawful parking, especially
during peak hours. Their research advocated for
regulatory measures, the growth of off-street
parking facilities, and the use of smart parking
technology to alleviate congestion.

Numerous research studies have concentrated on
the utilization of new technology to enhance
parking management.

inefficiencies resulting from a lack of uniform
design. Their studies indicated that a 90-degree
parking arrangement would maximize space
efficiency.

Allbadi et al. [52] further developed this concept
by incorporating ultrasonic and infrared sensors
with RFID technology to enhance parking
operations and reduce congestion.

The Previous local studies of parking are

Shnewer et al. [51] assessed parking summarized in Table 4.
configurations in  Amara, highlighting the
Table 4: The Previous local studies of parking
Author(s) Year Study Area Type Findings
1 Al-Harbawee [53] 1990 Imbalance between demand
University Institutional parking and availability; need for
2 Kraidi [54] 2011 parking in Iraq study regulations and strategic
planning.
Al-Obaidi et al. Parking efficiency = Parking performance Some lots are under}ltlllzed;
3 2018 . i . others are overcapacity due to
[41] in Baghdad metrics analysis
poor management.
. Multi-story parking and smart
4 Al-Jameel [42] 2018 Urban'parlflng Infrastructur.e parking are suggested to
deficiencies recommendation .
address deficits.
Hassan Kadhim Smart parking Technology A mobile-based reservation
5 2018 . . . . system was developed for
[43] using Arduino implementation study .
efficient space usage.
Alabassi and Al- Umve.rs1ty Ultrasonic sensors improve
6 2018 parking Sensor-based system . o .
Jameel [44] real-time availability tracking.
management
. Removing parking increased
On-street parking . . o
7 Sonya et al. [45] 2018 in Gajah Mada Traffic congestion road capacity by 25%, cut
. impact analysis congestion, and improved
St., Indonesia
speeds.
i . Removing parking improved
Rukaya and Hasan ‘On street parking VISSIM simulation traffic flow (46.6%), reduced
8 2023 in Al-Rasheed St., X o
[46] Bachdad study travel time (38%), and cut
& delays (69%).
. . . Real-time availability tracking
9 Al-Rikabi [47] 2019 Intelligent parking  Smart parking system reduces search time and
management development . .
improves efficiency.
. . Legal off-street parking is
10 Jony et. al,[48]. 2020 Off.street p.arkmg Parlflng space insufficient, leading to
in Al-Hilla deficiency study . .
inefficient usage.
Al-Tamimi and Parking in Al- Parking infrastructure Inadequate .fac¥htles worsen
11 Asmael [49] 2020 Mansour, stud congestion; need for
Baghdad Y expansion.
Illegal parking is prevalent;
Al-Jameel and On-street parking Regulatory and recommends off-street
12 2020 . . technology . .
Muzhar [50] in Al-Najaf expansion and smart parking
assessment tech
13 Shnewer et al. [51] 2021 Parking design in (?or}ﬁgltlratlon 90-degree parkmg maximizes
Amara optimization study space efficiency.
Sensor-based Technolo RFID, ultrasonic, and infrared
14 Allbadi et al. [52] 2021 parking . 10108y sensors improve operations
integration study .
management and reduce congestion.

6. Traffic Simulation

HCM advised the utilization of delay times for
all intersection options, including signalized
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intersections. It suggested examining the
capacity and delay to assess the overall
functionality of the junction [55]. Therefore, we
evaluated the operational efficacy of intersection
alternatives using the mean control delay. When
there is a stop, give way control, or opposing
turns at signalized intersections, the gap
acceptance parameter has a big effect on how
well crossings work [56].

SIDRA Junction is a prevalent program utilized
for traffic simulation and junction analysis
among many analytic tools. It is especially
efficacious for assessing the performance of
diverse intersection types, including
roundabouts, signalized intersections, and
unsignalized intersections. Rasha and Irfan [57]
stated that the SIDRA method uses an integrated
modeling framework to show how capacity and
performance analysis techniques for
roundabouts, controlled signage, and signalized
intersections are aligned.

According to the US Highway Capacity Manual
and the Australian Road Research Board
(ARRB), SIDRA has the same level of service
(LOS) criteria for roundabouts and traffic
signals. This is because roundabouts are thought
to work about the same way as traffic signals in
a wide range of flow conditions [58].

The Manual on Uniform Traffic Control Devices
offers recommendations on the implementation
of yield signs and stop signs at one or more
approaches to an intersection. The instructions
specified that a halt is mandatory under the
following conditions [59]:

» Traffic levels on the thoroughfare surpass 6000
vehicles per day.

» There is a necessity to sufficiently monitor
conflicting traffic on the thoroughfare.

* Based on accident records.

The vyield sign is utilized in the following
conditions:

» At a small road, yielding to the major road is
required, but a complete stop is not mandated.

* At an entrance without an acceleration lane to a
freeway. In the presence of a designated right-
turn lane without an acceleration lane.

6.1 Sidra Intersection
SIDRA is a micro-analytical software commonly
employed in traffic engineering to assess

different types of intersections on a lane-by-lane
basis. The Australian Road Research Board
(ARRB) established SIDRA [60]. It evaluates
efficacy metrics like junction capacity, queue
lengths, total delays, and levels of pollution by
integrating traffic models with a continuous
approximation method. Most studies regarding
the efficacy of intersection operations have
employed SIDRA. SIDRA's methodologies
demonstrate the uniformity of capacity and
performance analysis [57].

6.2 Review of Traffic Simulation Studies
Numerous studies examine the effects of traffic

congestion issues, including delays, travel
expenses, and  environmental  damage.
Congestion adversely impacts health in

metropolitan settings due to its influence on a
large population [61].

Zion et al. [62] examined field data at all-way-
stop controlled crossings and discovered that
junctions with balanced traffic levels have
reduced delays. They determined that the
proportion of left turns significantly impacts
delay. Other efforts provide supplementary
recommendations for the selection of traffic
control devices at junctions.

Sisiopiku and Oh [63] examined various
volumes, turning ratios, quantities, and lane
widths. Roundabouts were better at handling
traffic and took less time than other types of
junctions when there were two-lane approaches
and a lot of traffic or left turns.

McKinley [64] proposed the installation of a
traffic control signal at an all-way-stop
controlled (AWSC) junction that was
experiencing heightened delay and congestion.
He noted that the most secure junction control,
contingent upon adherence to regulations, is the
All-Way Stop Control (AWSC), despite it being
the least efficient form of intersection
management in many instances.

Polus and Vlahos [65] examined the operational
efficiency of the junction, encompassing delay,
capacity, and LOS. It was determined that
TWSC junctions excelled at low main road
volumes, roundabouts were most effective at
major roads with mid-range volumes, and pre-
timed signals functioned optimally.

Russell et al. [66] examined the performance
efficacy of junctions before and after their
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transformation into contemporary roundabouts.
They utilized the SIDRA program to deliver
efficacy metrics for the comparison of junction
types. Their results indicated that the average
wait time went down by 65%, the 95% queue
length went down by 44%, the degree of
saturation went down by 53%, and the number
of stopped cars went down by 52%.

We evaluated the effectiveness of roundabouts,
yield junctions, two-way stop-controlled
(TWSC) intersections, and signalized
intersections using SIDRA.

The Insurance Institute for Highway Safety
conducted a before-and-after analysis of 24 stop
and signal-controlled junctions following their
conversion to roundabouts. The findings
indicated a 75% reduction in intersection time
when roundabouts substituted stop or signal-
controlled crossings.

Kyte et al. [67] examined the LOS and capacity
at unsignalized junctions. The saturation
headway at TWSC intersections is influenced by
geometry, vehicle types, conflict levels, and the
directional motions of interacting traffic.
According to [67], these factors influence the
saturation headway at TWSC intersections.

Kirk et al. [68] conducted research to ascertain
the dimensions of junctions based on operational
factors. They employed the critical lane analysis
approach to compute size estimates for
junctions. They created the Intersection Design
Alternative Tool (IDAT), which was capable of
simultaneously analyzing 13 possibilities. Their
tool determines the most effective design that
can achieve a certain operational level. This
method allows a tailored design for every
junction. When you use the HCM model in
SIDRA to study the delay of junctions, you get
values that are similar to data from the field. The
HCM model utilizing Highway Capacity
Software (HCS) produced overestimated delay
values.

Joni and Mohammed [69] employed SIDRA to
evaluate traffic flow performance at the Al
Masbah Intersection. Their conclusion indicated
that SIDRA shows realistic results in the
analysis of flow, capacity, queue, and delay.

Ali et al. [70] emulated traffic performance at
the Jordan crossroads in Baghdad, Iraq, utilizing
Sidra software. Traffic data was gathered over

four days from 7 AM to 3 PM. Based on the
simulations, the junction has a Level of Service
(LOS) of D, which means that there is an
average delay of 35 seconds per vehicle and a
saturation degree of 0.996 vehicles per cycle.
The research proposes enhancements such as
Intelligent Transportation Systems (ITS) and
CCTV to optimize traffic flow and mitigate
congestion.

Aboud et al. [71] used SIDRA software to assess
costs, travel time delays, and carbon dioxide
emissions. The researchers found that the Level
of Service (LOS) goes up from E and F to C.
They also found that travel time, cost, and
pollution emissions go down by 16%, 25%, and
29%, respectively, when gas-powered vehicles,
modern private cars, and different types of
public transportation vehicles are used. This has
been regarded as a progression towards
additional research on sustainable transportation.
Zubaidi et al. [72] examined the determinants
that may affect collisions at roundabouts. They
determined that the majority of injury collisions
are associated with driver attributes and conduct.
This finding has been corroborated by several
investigations.

Ibrahim et al. [58] investigate junction planning
in Egypt by looking at signalized intersections,
roundabouts, and two-way stop controls at Level
of Service (LOS) D. The study gives charts that
can be used to find the best junction designs.
The study evaluates capacity and delays by
analyzing traffic patterns, turning distribution,
the proportion of heavy vehicles, and control
type. Research indicates that roundabouts are
optimal for moderate traffic, but signalized
junctions excel in scenarios of high traffic
density with significant left-turn flows.

Jameel [73], Omar, and Hussein [74] utilized
HCS and SIDRA software to improve the
efficiency of signalized crossings in Baghdad
and Erbil, respectively. The study revealed a
21% decrease in the average delay value using
the STDRA delay model, whereas the HCS
model resulted in a 29% reduction. The results
indicated that the SIDRA model had a shorter
optimal cycle time in comparison to HCS.
Adeleke et al. [75] condition Using SIDRA
Intersection software and the intersection's
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highest average passenger car unit, the best cycle
length and signal configuration have been found.
Ahmida et al. [76] conducted an improvement to
five junctions following an assessment of their
performance utilizing SIDRA software. The
findings indicated that a decrease in average
time delay might improve traffic flow, shorten
travel time, and elevate speed, hence diminishing
fuel consumption and CO, emissions.

Rasha and Irfan [57] evaluate traffic congestion
at the Al-Husainea crossroads in proximity to
Karbala, Irag, with SIDRA software. This three-

way junction has significant congestion,
resulting in prolonged delays, diminished
capacity, and an inadequate level of service
(LOS). Traffic data was gathered over seven
days, indicating LOS of F, with an average delay
of 52 sec/veh and a saturation level of 0.86
vehicles per capacity (v/c). The results
underscore the necessity for enhancements at
intersections, and the research proposes options
to increase traffic flow and efficiency.

Sidra intersection software is summarized in
Table 5.

Table 5: The previous research of traffic simulation

Author(s) Year Study Area Type Findings
Zion et al. All-way-stop Field data Balanced traffic reduces delays; left-turn
1 1989 . . L
[62] controlled crossings analysis proportion impacts delay.
Sisiopiku and Various junction Simulation Roundabouts have superior capacity and
2 2001 lower delay for two-lane, high-volume
Oh [63] types study . .
intersections.
3 McKinley 2001 AWSC Junctlon Proposal study AWSC is safest but least efﬁc1e1}t; traffic
[64] efficiency signals can reduce congestion.
4 Polus and 2005 Junction operational Performance TWSC is best at low volumes, roundabouts at
Vlahos [65] efficiency analysis mid-volumes, and signals for optimization.
5 Russell et al. 2005 Roundabout SIDRA-based 65% reduction in wait time, 44% decrease in
[66] conversion impact analysis queue length, 52% fewer stopped cars.
Kyte et al. LOS an.d capamty at .. Saturation headway is influenced by
6 2007 unsignalized Empirical study . .
[67] . . geometry, vehicle type, and conflicts.
junctions
. . . Design . . . . . .
7 Kirk et al. 2011 Intersection design optimization IDAT tool identifies optimal junction design,
[68] using IDAT P study HCM model overestimates delay.
Joni and . -
Al Masbah SIDRA traffic SIDRA provides realistic results for flow,
8  Mohammed 2016 . ) .
[69] Intersection analysis capacity, and delay.
. Jordan Crossroads, Simulation LOS D with 35s average delay; ITS & CCTV
9 Alietal [70] 2013 Baghdad (SIDRA) proposed for improvement.
jo Aboudetal. ;4 LOS improvement Traffic '01I;r(r)1§ Htrilrrr)lreoz/le gﬂ/ﬁ)o?ogl(:ztsoo/c); reerﬂ}ls(;?(()lns
[71] using SIDRA efficiency study J y (22’9‘V) o
0).
1 Zubaidi et al. 2020 Collision factors at Safety study Driver behavior is a major cause of injury
[72] roundabouts collisions.
Ibrahim et. Junction planning in Traffic capacity Roundabouts are best for moderate traffic;
12 2022 & delay . . .
al. [58] Egypt . signals are best for high-density and left turns.
analysis
Omar and Sionalized iunctions cc?r(r)lﬁ;fil;zn The SIDRA model showed a 21% delay
13 hussein 2022 8 J . P reduction, and the HCS showed a 29%.
Hussein [74] in Baghdad & Erbil (HCS vs. SIDRA had a shorter cycle time
SIDRA) '
14 Adeleke et al. 2023 Signal cycle Simulation Determined optimal cycle time and signal
[75] optimization (SIDRA) configuration.
Ahmida et al. Junction SIDRA-based Reduced delay improves traffic, travel time,
15 2023 performance . .
[76] . study speed, fuel efficiency, and emissions.
1improvements
16 Rasha and 2024 Al-Husainea Congestion LOS F with 52s delay; study suggests an
Irfan [57] crossroads, Iraq study (SIDRA) improvement option

7. Conclusions

The impact of off-street parking on urban
traffic networks has been widely studied, with
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research highlighting both positive and negative
effects. Several studies indicate that off-street
parking can reduce on-street parking demand,
improving roadway capacity and reducing
conflicts caused by vehicles searching for
parking spaces. However, other research
suggests that introducing off-street parking may
lead to increased vehicle trips, congestion near
access points, and delays at adjacent
intersections. The efficiency of off-street parking
largely depends on factors such as location,
design, accessibility, and integration with the
surrounding traffic network.

Research has demonstrated that increased
parking supply near busy intersections can alter
traffic flow patterns, affecting queue lengths,
travel times, and intersection delays. Another
important thing to think about is how well the
nearby signalized and unsignalized intersections
work. This is because badly managed access
points can slow down traffic and cause
bottlenecks. Previous research has stressed how
important it is to do a thorough traffic impact
analysis before adding new parking lots. This is
to make sure that measures to reduce the effects
of traffic are in place, such as better signal
timings, dedicated entry/exit lanes, and different
routing strategies.

Building on these findings, this study aims to
analyze the influence of adding off-street
parking on the surrounding traffic network using
the SIDRA Intersection software. The research
will involve collecting traffic data, simulating
both current and future scenarios, and assessing
key performance metrics such as delays, level of
service (LOS), and vehicle queuing.

The goal is to determine whether the new
parking facility enhances or worsens traffic
conditions and to identify strategies to mitigate
potential negative impacts. The study’s results
will provide valuable insights for urban planners
and transportation engineers, ensuring that off-
street parking solutions contribute to improved
mobility and efficient traffic management in
urban areas.
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