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Abstract

expanding the road network.

Due to the continuous high population and vehicle growth, limitation in space,
high demand for mobilit , lack of proper public transport system, unacceptable

future expansions.

A conceptual design of a network is proposed based on a macro level of data
need. These are based on vehicle trends, population, fuel consumption and

several user’s related matters as fare rate, fare validity, operating hours and
possibility of using the system. Several interviews needed in order to collect
data with representative of some Ministries. A detailed network planning and
users estimate system is developed here, utilizing a digital format using X-Cell

As aresult, a network is developed; it is consist of two Metro loops, three tram
routes and eight rapid bus routes. The total estimated number of riders in the
proposed network is close to 900 thousand per day and the generated daily
income is around BD 300 thousand.

In order to have sufficient system, proper advertisement and marketing should
be considered to attract people to use the system. Furthermore, additional
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CHAPTER 1

1.Introduction

This chapter covers background and the importance of mass transit
system, the problem under investigation, the objectives, methodology,

expected contributions, and thesis outline.

1.1 Background

Vehicular density is substantially increasing in Bahrain making it difficult
to reach a destination on time without planning it ahead. The shift in
vehicular use to public transport will certainly decrease the load on the
roads. The population density is increasing and the spaces are getting
smaller. Expanding the road network is a solution that will help out for a
while; whereas a plan for a long term solution is required. The congestion
problem will keep on getting worse if the roads are unplanned for the

increase in population and vehicular growths.

The increasing use of the car for travel, both in developing and developed
countries and the continuous spread of residence and activities in the
urban areas, have increased the length of trips and the use of motorized
private transport, reducing in many cases the possibilities to develop an
efficient public transport system. The impacts are congestion, increase of
travel times, poor air and noise quality pollution, increase number of
accidents, excessive production of greenhouse gases and land

consumption.




The traditional ‘predict and provide’ approach to urban transportation
planning is no longer an option. However, the former means that also the
alternative ‘demand management’ approach advocated by some may not
be an acceptable solution. Though this might be the case in the developed
countries with improve Mass Transit System; the predict and provide

might be the start initiative for such a system in the region.

The present study proposes a new method to effectively exploit the transit
network, modifying the usual planning approach: the method tries to
overcome the temporal discrepancy between infrastructural actions on
land use and infrastructural actions on the transport system, using the
residual capacity of the Mass Transit System as a variable to indicate the
location and the magnitude of new residential and activities

developments.

1.2 Problem Statement

With the increase in the population in Bahrain and the high growth rate in
vehicle population, the demand on mobility increases, since only limited
people use the poor current public buses. The available network is
becoming overfilled. By the continuous increase in traffic on the network;
the congestions are becoming very frequent and becoming longer and
longer during peak hours. Consequently, the delays are excessive.

Therefore the need for more sustainable transport system is necessary.




1.3 Motivations

As mentioned earlier, one of the major problems is long travel time that
influences the daily movements. Such a problem motivates transportation
planners to find solutions. Furthermore, one should analyze the problem
of noticeable increase in cars, parking difficulties, environmental and
safety drawbacks. Current vehicles are a major cause of pollution and
excessive congestion. Therefore a study of Mass Transit System will

allow us to reach and address solutions of the major problem.

The improvement in the mass transportation will motivate and encourage
the public to mode transport shift, from their personal automobile to more

sustainable Mass Transit System (MTS).

1.4 Objectives

The main objectives of this study are as follows:

1- To investigate the best route network for a possible Mass Transit
System all over the Kingdom of Bahrain utilizing macro-based level of

‘data.

2- To propose various Mass Transit Systems based on micro level of
modeled data such as traffic counts, capacity of the selected system and

fare rate.

3- Prediction of number of users and generated income to serve current

and future needs.




1.5 Methodology

It is important to consider the criteria which are used to install such type
of transit system in several projects in several countries in order to check

the importance of Mass Transit System.

e Current System

Currently Bahrain has a public buses system which is run by CARS
Company. The characteristics of this system will be considered in order
to provide an improved system. The considered characteristics include:

the fleet size, fare rate, number of users, headways, annual income, etc.

* Questionnaire

Quantitative research process will be conducted using questionnaires. The
public interest in using the system, the ticket validity, operation period
and fare rate is the main criteria that will be considered through
questionnaires distributed randomly to respondents so as to manage a
sustainable Mass Transit System. Analyzing questionnaire data will be

conducted through statistical packages as SPSS Program.

* Data Modeling and Future Prediction

Two methods are used to estimate future values; modeling the vehicular
data available for past years and the average vehicular traffic growth
rates. As a result, Microsoft Excel Spreadsheet is created for the gathered

data to determine the following:




1. Least square regression models for the vehicular traffic. The
considered models include: linear, polynomial, logarithmic,
exponential, etc. The best model is selected based on the highest

R? value.
2. Average annual growth rates in traffic.

3. Select base year to start the operation and the target years for

prediction.

4. Necessary charts presenting the statistical data are considered to

visualize the estimates for the target years

The analysis of the linear regression model is performed to predict
vehicular traffic for the target year. One may use it for any target year.
The year 2030 is considered here for the prediction of any number of

years.

* Procedural Frame Work for Mass Transit System

Figure 1.1 Present a frame work for the procedure used to develop a Mass
Transit System network. The flow chart developed and can be used to
plan and manage Mass Transit System anywhere. The flow chart is

divided into two sectors; planning and management.

The data in the planning sector are grouped into microscopic data based
on micro level of data analysis and macroscopic one. Microscopic data is

about the detailed data gathered from automatic traffic counts in terms of




total daily traffic and peak hour traffic. While the macroscopic data
includes the historical data of housing units, population trends, fuel
consumption, King Fahad Causeway traffic data, historical public and
private bus data and vehicles trends. The study will build the future
prediction based on gathered data. Then it will be super imposed to

consider their effects on the design of the Mass Transit System.

Based on the planning data, the conceptual selection of the network will
be selected based on geographical, political and population trend; while
the detailed selection at the station and routes based on actual range of
traffic. The main criteria of network selection types such as metro, tram,
bus rapid system and local bus are the capacity and speed of the selected

system, route traffic limits and the attractions.

One of the important issues which should be highlighted in planning the
network is the station location, which is based on certain criteria such as
the importance of the location if it is social, attraction, shopping points,
entertamments airport, seaport and other criteria such as distances, total
daily traffic, peak hour traffic, political, travel time, headway time,
geographical, rationale, future settlement expansion and availability of

space as a constrain.

The second sector of the frame wok is management related part, the
needed management data may also be divided into microscopic data and

macroscopic data.




Microscopic data are questionnaire based data. These aim to evaluate the
interest of the public utilizing possible Mass Transit System and their
feedback regarding operation time and fare rates and validity. Other
considered data include the number of stations on each route and the

capacity of each system.

Macroscopic management data related to the estimate of users of the

system are based on future prediction and for assigned target years.

Based in estimated data, mode of transfer will be selected, which is
metro, tram and bus rapid system. The criteria of selection the system are

as follows:
* Applied Data (Based Year 2017, Target Years 2030)
¢ Capacity
e Speed
e Rout Time
¢ Travel Time in Between Stations
* Estimated Headways (Averages Speed, Rout Length)
e Number of Trips
e Number of Vehicles
* Number of Buggies
e Number of Rider

Therefore all data will be shifted to the target year using two methods, the

first method is the mode shift method which based on the total number of




riders shift to MTS for year 2030 is estimated considering the total
number of registered vehicles, the number of public and private buses and
the arriving vehicles from King Fahad Causeway, while the other method
in predicting the total number of riders is the percentage based method is
fully consider the total daily traffic on each route for metros and trams,
the number of riders for bus routes is assumed as a percentage of the total
daily traffic of the nearest metro or/and tram routes. Three scenarios of

reduction well applied on both methods which are 1.5%, 2% and 2.5%.

Financial estimation and the income of the system will be expected and
calculated based on the best fare rates, economical operation hours and
ticketing system. A complete computational system well created based on

Excel program.
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e Data Gathering

The data are gathered from several resources, places to collect
information required for this study. Gathering historical data from various
related governmental institutions, such as Ministry of Interior (King
Fahad Causeway), Ministry of Works, Ministry of Transportation,
Ministry of Power (BAPCO) and Ministry of Municipalities and Urban
Planning. Possible data which will be essential for the study such as
traffic data, population trends, registered vehicles, fuel consumption
trends, housing growth, urban development and land use development.
The considered traffic data covers the years 1980 to 2012. Other housing
development is considered as late as 1960 while the population trends as

late as 1940.

‘o Contacts

Several contacts were done in order to collect data with representatives of

Ministry of Interior, Ministry of works and BAPCO.

1.6 Expected Contributions

The expected contributions of this study, beside the development of the
earlier flow chart, includes creation of a digital system for countries with
no Mass Transit System or with a poor system, covering macroscopic
approach for networking the various possible transport modes within
cities and close suburbs area, and microscopic approach for managing the

system.

11




1.7 Thesis outline

The project consists of 7 chapters and an abstract; chapter 1 discusses the
major information like the introduction, objective, and the importance of
mass transit system, motivation, problem statement and methodology.
Chapter 2 is the literature review of the project it includes a brief
explanation on the transportation in Bahrain, the types of public
transportation and the types of mass transit system. Chapter 3 is the data
gathering and analysis it consists of the information collected and the
analysis made including the tables and maps. Chapter 4 is the result and
discussion of the future prediction of the data including the results.
Chapter 5 is the result and discussion of the planning the network design.
Chapter 6 is the result and discussion of the management and operating of
mass transit system. Chapter 7 is the conclusion and recommendations,

finally the list of references.
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CHAPTER 2

2.Literature Review

2.1 Introduction

Mass Transit System is widely used all over the world. Each country has
its own types and ways of using their public transportation to their
demand. This chapter covers some literature that defines various types of
Mass transit system, which handles Bahrain overview, transportation in
Bahrain and will help us to understand and investigate the types of mass

transit systems.

2.2 Bahrain Overview

Kingdom of Bahrain consists of a total area of 765.3 km? [1] and a
“population in 2011 stood at 1,234,571, including 666,172 non-
nationals.” [1] Since we are in 2015 the number must have increased
causing the kingdom to have traffic issues that lead to many road extends

that may solve the problem for a while.

2.3 Land Transport in Bahrain

Currently the Kingdom of Bahrain depends on road transport, airline and
ferry/shipping for its public transportation. The road services are either
taxis or buses as a way of public transportation. Other than that people
use their own vehicles and way of transport. The current public transport

system is serviced by the service line of “CARS” Company under the

14




franchise agreement with the Ministry of Transport. The current
percentage of population using the available public transportation is

0.5%.

2.4 Types of Public Transportation

2.4.1 Airline

Airlines offer scheduled service by using aircraft connecting airports. Air
travel has the advantage of having a very high speed, but encounter
waiting before and after travel. Bush airlines are similar to bus stops; it’s
an aircraft that waits for the passengers and take off as soon as the aircraft

1s full.

2.4.2 Bus and Coach

A bus service carries many passengers for short travel on conventional
roads. With the buses low capacity compared to other transportation
systems i.e. trains functioning, managing inexpensive journeys and bus
stops to supply the users. That’s why buses are mostly used in smaller
cities and towns in rural areas and an enhancement service for large
cities. [2] Bus rapid transit is exactly the same as the buses in service on
right-of-way like a light rail. Trolleybuses are electric buses that work on
wires getting its power for traction. Online Electric Vehicles are buses
that work on conventional battery and are recharged regularly by

underground wires.

Coach services use long-distance buses. The vehicle is normally

operational with many features like comfortable seating, separate luggage
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section, video and a possible availability of a toilet. It also has limited

stopping guides.

2.4.3 Rail Transport

Passenger rail transport is a transportation wheeled vehicles specially
designed to run on railways. They allow high capacity on either short or
long distances requiring paths, “signaling, infrastructure and stations to
be built and maintained. Urban rail transit consists of trams, light rail,
rapid transit, people movers, commuter rail, monorail suspension

railways and funiculars.” [2]

2.4.4 Commuter, Intercity, and High-Speed Rail

“Commuter rail is part of an urban area's public transport; it provides
faster services to outer suburbs and neighboring towns and villages.” [2]
And stop at locations to provide smaller suburban or town center. The
stations frequently being joint with bus transports or park and ride
systems at each of the station. The frequency rate may be having several
timings per hour, whereas commuter rail systems can either be a part of

the national railway or operated by local transit agencies.

Intercity rail connects multiple urban areas by its long-haul passenger
services. Having only few stops and might have one stop per city at high

average speeds and these services can also be international.

High-speed rail is a passenger train that is operates faster than a
conventional rail “typically defined as at least 200 kilometers per hour
(120 mph)” [2]. It has been compared with air travel because it offers
long distance rail journeys that are as fast as air services, with lower

prices and it uses electricity.
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2.4.5 Tram and Light Rail

“Trams are rail borne vehicles that run in city streets or dedicated tracks.”
[2] Buses have less capacity than those trams but there its infrastructure

and wire that control it affects its flexibility.

Light rail is a current progress of a tram and use of a tram it is not shared

by other traffic, with a high speed.

2.4.6 Rapid Transit

“A rapid transit railway system (also called a metro, underground, or
subway) operates in an urban area with high capacity and frequency, and

grade separation from other traffic.” [2]

These types of systems can transport lots of people with a short distance
and little land use. “More than 160 cities have rapid transit systems,
totaling more than 8,000 km (4,971 mi) of track and 7,000 stations.

Twenty-five cities have systems under construction.” [2]

2.4.7 Personal Rapid Transit

Personal rapid transit is a cab service that works automatically on rails. It
has complicated automation, which is an unusual mode of transportation.
The critical improvement is that it can carry not many passengers the
automated vehicles carry just a few passengers, dropping them to the
location they need to go to. It attracts passengers at medium density urban
areas. It can be compared with “more labor- intensive taxi or para transit
modes of transportation, or to the (by now automated) elevators common

in many publicly accessible areas.” [2]
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2.4.8 Cable-Propelled Transit

Cable-propelled transit known as (CPT) “is a transit technology that
moves people in motor-less, engine-less vehicles that are propelled by a
steel cable.” [2] CPT is divided to two groups, which are Gondola lifts
and Cable car - railway. The difference between the two is that the
Gondola lifts are supported and boosted by above cables whereas cable

cars - railway are supported boosted by below cables.

2.4.9 Ferry

A ferry can be a boat or ship that is used for to carry passengers or
vehicles or etc. on water. A foot-passenger also known as waterbus is a
ferry that has stops. It is counted as a public transport for many waterside
cities and islands even with low speed it costs less than bridges or
tunnels. Even the long distance connections are also counted as ferry

Services.

24.10 Motorcycle

Many countries count motorcycles as public transportation like the
Philippines. It can be rid singly or it can carry more by attaching a sidecar
attached known as tricycle. It can be used as a taxi or for personal trips or

shared trips like a bus.

2.4.11 Pedicabs

Pedicabs are regularly found in poorer or in more crowded places and it

can be found in many shapes and sizes.
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2.5 Types of Mass Transit System

Public transit can be divided for the operational capacity, construction
cost and the estimated speed into generally seven sections, which are as
follows: (all the following types are rephrased from the following

reference [3])

2.5.1 Local Bus

A bus shared with other cars in its tracks without any privacy except
coordination between the fleet of buses through the center of the bus
station. The average density of such operational buses 5500 passengers
per hour in each direction, but it is slow; the average speed hardly

exceeds 20 km/h. [3]

2.5.2 Bus Lane

The system is in this allocation of private bus routes, especially in
crowded areas is done either at all times or only in peak hours. The
average density of such operational amounts to 9,000 passengers per hour

in each direction, and speed of between 20 and 30 km/h. [3]

2.5.3 Bus way and Bus Rapid Transit

Buses run in this system on a private railway and in an integrated manner,
not exceeding asphalt or concrete located on concrete those covering the
path. Although a bus driver drives the bus, they must follow the
regulations and adhere in all movements. The roofs of the stations that are
bus stops must be to the system of the same height as a bus entrance
should be. Inside the bus all the information needed for the passenger to
know the next movement or stop. The operational cost of such a system is

weaker than a tracks system, and the average density operational 11,500
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passengers in each direction per hour and speed of between 20 and 50
km/h. [3]

2.5.4 Tram System (Tram)

The traditional tram trains and simpler types of trailers that are going on
its own rails, which in terms of old idea but it has evolved considerably in
the present time. The Belgians built the first tram in the Arab world in
1906 and in Cairo. The tram goes on in the same railway level vehicles
were mixed in busy intersections. Operational and cost twice the
operational cost of the bus while average capacity Approximately 6,000
passengers per hour in each direction, but not exceeding the average

speed of 20 km/h. [3]

2.5.5 Light Rail (Light Rail)

It trains short of medium density and speed moderate compared with
other trains, where average capacity up to 11,500 passengers per hour in
each direction and speed of 30 km/h and operational cost not exceeding

introduced three major operational cost of the bus. [3]

2.5.6 Trains the Outskirts of the City (Suburban-Rail)

This system is characterized by lack of stoppage, but the operating cost is
less than its predecessor and a greater speed and operational capacity less

than its predecessor.

The heavy trains that used between cities are often long and high

operational capacity and great speed. [3]
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2.5.7 Types of Buses

Articulated bus is consisting of two sections connected by flexible joint to

allow for short turning and increased number of passenger capacity. [5]

Express buses provide a fast traveling comfortably on a long route with

many spaced stops. [6]

Trolley buses are forced by electric power constrained from operating

where no power line. [6]

Semi-rapid buses is operating on routes that include substantial sections,
it is consist of an exclusive bus way on the freeway utilized by a great

number of bus routes. [6]

2.6 Taxis

It is an individual Public Transportation (IPT), a driver takes passengers
directly from their origin to their destination. Consider a region of area in
which we provide radio-taxi service to customers with demand density
and expected trip length. It will assume that providing enough taxis to

ensure that every call immediately gets assigned a taxi. [8]

2.7 Advantages of Mass Transit System

An expanding urban population requires access to business activities,
education, employment and recreational activities. The transportation
system has ‘a great. influence and impact on regional patterns of
development, economic viability, environmental impacts, and on

maintaining socially acceptable levels of quality of life. [12]
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Moreover it is important to provide a transportation option for those
without access to a motor vehicle, as well as providing a travel alternative
to commuters in order to decrease stress on current infrastructure. In all,

this provides strong motivation for public transport services. [12]

Public transportation services vitalize economies of nations. These
services improve the life of communities by providing safe, efficient, and
economic transport; they ensure personal mobility through making
available cost effective modes; and they benefit society by easing traffic

congestion, saving money, and creating and sustaining jobs. [9]

Improvements in the public transportation links between urban and
suburban areas result in a shift in the population from urban to suburban
areas. This reduces the disparities in land prices and helps to reduce

congestion and other problems. [9]

2.8 Environmental Effects of Mass Transit
System

The ensuing mobility growth has major negative impacts on the local and
the global environment, as well as on the quality of life and the economic
performance of cities. These negative impacts include congestion,
emissions (conventional and especially greenhouse), noise, disruption of
communities, accidents, use of nonrenewable energy, and production of

solid waste. [11]
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2.9 Transportation Planning

The first defining feature of the urban transportation planning is a
discipline in the midst of a typical transition. New planning goals,
processes, tools are being introduced and increasingly applied. Old goals,
processes, and tools are show deeply engrained in the existing institutions

and practices.

The second distinctive feature of the emerging urban transportation
planning is related to its overarching aim: achieving sustainable urban
mobility, as part of a broader effort towards enhancing quality of life in
cities. There seems to be a broad consensus on this aim and its
interpretation. More definitely this implies developing urban regions that
offer people and firms the means to reach more opportunities (such as
jobs, services, social contacts) with less mobility (or at least less

damaging mobility).

The third feature of the emerging urban transportation planning: the
importance of collaboration, integration and exchange with other
professions and policy sectors. The emerging urban transportation
planning is much more multi inter and trans disciplinary than its
traditional counterpart. The new challenges demand multi disciplinarily,
or collaboration with other professions and policy sectors, such as public

health or economic development.

The fourth and final distinctive feature of the emerging urban
transportation planning cuts across much of the above. It stems from the
recognition that such things as collaboration across disciplines and policy
sectors, stakeholder engagement, and public acceptability are key to
progress. This demands that urban transportation planning becomes a

much more communication-oriented activity. [11]
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Transportation planners need to establish means by which the
transportation system may be evaluated and monitored to ensure that
short and long term objectives are adept. It is a critical element in the
evolution and growth of metropolitan regions. Such planning must take
into account trip purpose, temporal and spatial distributions of trips,
modal splits of travel, and costs. Measuring the effectiveness of public
transportation performance is critical in assessing policy goals as well as

planning for future improvements.

Transportation planning is a critical element in the evolution and growth
of metropolitan regions. Such planning must take into account trip
purpose, temporal and spatial distributions of trips, modal splits of travel,
and costs. These considerations will impact current and future

infrastructure as well as the environment. [12]

2.10 GCC Countries

To overcome such weaknesses, some of the GCC countries have recently
taken certain initiatives in this regard. Bahrain launched a BD 4.5 million
(US$11.9 million) public-private sector joint venture, the Arabian Cab
Company (ACC), adding a fleet of 350 brand new “London cabs” to its
existing pool. This project is expected to boost the economy through
regulation, competition, and growth in employment. Looking beyond the
basic gains, Qatar is planning to launch electric-powered taxis and
battery-powered public buses to acquire ecological and economical
benefits. MidEast.ru (2009) reports that the Road and Transport Authority
(RTA) in the UAE is planning to introduce a fleet of buses exclusively
for women. Abu Dhabi has enriched its public transport infrastructure

with taxis and buses and is offering free services on four routes. Sharjah
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aims to ease the travel woes of residents and daily commuters with 25
buses on three routes, which are expected to amount to a fleet of 172

buses on 18 routes. [9]

2.11 Safety Issues

Better modes of public transport are emerging as a public concern that
could help in ensuring safety on the roads. Furthermore, there is a need to
investigate road safety mechanisms, since transit users’ perception of
their safety is crucial to their decisions about whether or not to use public

transport. [9]
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CHAPTER 3

3.Data Gathering and Analysis

3.1 Introduction

This chapter covers the data gathered from the various related ministries
and institution. These include Ministry of Works, Ministry of
Transportation, Ministry of Municipalities and Urban Planning, Ministry
of Interior, Bahrain Petroleum Company (BAPCO), Directorate of
Statistics of the Central Informatics Organization and King Fahad
Causeway Authority. The chapter will also cover data obtained by other

means as surveys and on line search.

Planning Data

It is important for this study to collect comprehensive data to provide full

scale analysis. The considered data covers the years from 1980 to 2012.
e CARS Company (Public bus operator)
¢ C(lassified Vehicle data
e Vehicle Trends
e Historical Data of Current Public and Private Buses
e Taxidata
¢ King Fahad Causeway Authority

e Fuel Consumption
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e Population Trend
¢ Housing Development
e Land Use Development

o Traffic Count (Total Daily Traffic and Peak Hours)

Management Data

e Questionnaire (Operation time , Fare rate, Ticket validity period)

e Capacity and speed of the mode of transportation

3.2 Planning Data

3.2.1 CARS Company

Cars Company is a private company that operates the public buses in
Bahrain. According to verbal interview with the management, there are
three main bus stations; Muharraq, Manama and Isa Town. The following
information will cover details on how the buses operate. The main goal
was to find the route directions, the timings, the current operating buses
and there future expectations. The data collected from the representative

of Cars Company was as follows:
. Current fleet consist of buses: 50
e The number of the current operating buses: 35
e The average daily passengers is around 16,000

e Number of stations: 169
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e Congested stations: Manama station, Muharraq station, Salmabad

station and Budaya station
¢ Rush hours: from 5:30 to 7:30 and from 17:00 to 21:00

e Working hours 4:00 to 20:00 or 22:00 depending on the working

area
e There are three lanes which have the longest number of users:
1. Isa Town to Manama then to Muharraq
2. Salman Port to Manama
3. Budaya to Salmanya then to Manama
e Daily fuel consumption is around 8000 liters of diesel

e Number of trips depends on the lanes and it starts from a trip each

15 minutes.

3.2.2 Classification of Vehicles

Registered vehicles in Bahrain are classified as per as their types to more
than seven types, the classifications organized according to their usage, as
private or public transport, Table 3.1 presents the registered vehicles in
Bahrain according to this types; which is: private passenger car, taxi/taxi
on call, cars for hire, public transport, cabin pick up and public and
private buses. It shows that the values presented are increasing through

the years since 1980s.
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Table 3.1: Registered vehicles in Bahrain: classified as per vehicle
type (1985-2012)

Year Private Taxi Fgr Taxi on Publi(.: transport Buses Total
Car Hire Call Pick Up Private Public

1985 | 78497 | 927 812 23 593 2272 198 105868
1986 | 80654 950 996 23 605 2394 197 109982
1987 | 82776 | 951 930 14 602 2500 196 112520
1988 | 88775 | 921 653 8 617 2535 193 119192
1989 | 93021 937 702 8 628 2663 189 124604
1990 | 96592 917 735 8 623 2873 179 130149
1991 | 98810 915 781 7l 615 2970 169 133552
1992 | 108588 | 914 828 6 610 3152 167 143322
1993 | 115484 | 927 844 6 610 3488 170 154240
1994 | 123328 | 913 700 9 597 3707 171 163582
1995 | 128058 | 902 585 7 597 3849 161 169318
1996 | 132816 | 889 451 8 592 4031 161 175017
1997 | 140824 | 891 376 11 582 4289 153 184390
1998 | 153215 | 900 290 14 571 4646 155 198617
1999 | 162153 | 908 716 14 570 4767 150 209326
2000 | 166648 | 896 | 2199 16 559 5019 149 216679
2001 | 176054 | 937 | 3888 19 612 5025 151 229780
2002 | 196589 | 944 | 7014 33 602 4847 170 250978
2003 | 212021 | 953 | 9692 52 582 5153 195 273230
2004 | 226918 | 951 | 12610 62 545 5473 209 295484
2005 | 241813 | 964 | 14024 52 565 5569 111 315893
2006 | 256228 | 971 | 18242 50 571 6065 113 339544
2007 | 275389 | 980 | 21900 50 572 6823 115 369124
2008 | 296238 | 1092 | 25943 50 550 7924 126 401878
2009 | 315265 | 1376 | 29424 49 569 9460 134 431372
2010 | 328536 | 1407 | 33650 60 591 8418 133 454859
2011 | 342418 | 1420 | 37616 58 610 8944 125 478184
2012 | 357355 | 1450 | 42704 64 621 9176 128 505149

As can be seen from the above table, most type of the vehicles are

increasing through the years since 1985, it indicates further traffic jam in

the future.
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3.2.3 Vehicle Trend

Table 3.2 shows the annual growth rates of the total registered vehicles

for the years 1980 to 2012 indicate continuous increasing pattern,

continues increase in number of vehicles has a significant effect on the

traffic on the road network and indicates a continues demand on mobility.

Essentially, the number of vehicles increases without any decreasing

pattern since the three past decades. The annual growth rate in population

is gradually increasing; consequently the number of buses and other

public transportation are not following the total increasing in vehicular

population which has an average annual growth rate of 6.5%.

Table 3.2: Vehicle Population Along with Corresponding Annual

Growth Rates (1980-2012)

% of Annual

% of Annual

Year | Number of Vehicles Cioah Year | Number of Vehicles Gioath
1980 67830 - 1997 184390 5.36%
1981 70065 3.30% 1998 198617 7.72%
1982 81272 16.00% 1999 209326 5.39%
1983 89185 9.74% 2000 216679 3.51%
1984 97935 9.81% 2001 229780 6.05%
1985 105868 8.10% 2002 250978 9.23%
1986 109982 3.89% 2003 273230 8.87%
1987 112520 2.31% 2004 295484 8.14%
1988 119192 5.93% 2005 315893 6.91%
1989 124604 4.54% 2006 339544 7.49%
1990 130149 4.45% 2007 369124 8.71%
1991 133552 2.61% 2008 401878 8.87%
1992 143322 7.32% 2009 431372 7.34%
1993 154240 7.62% 2010 454859 5.44%
1994 163582 6.06% 2011 478184 5.13%
1995 169318 3.51% 2012 505149 5.64%
1996 175017 3.37% Average annual growth 6.51%
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The vehicle population has increased nearly four times in less than 25
years. It was 133552 vehicles in 1990 and it reached 505149 vehicles in
2012. The average annual growth rate is 6.8% in 80’s and then decreased
in 90’s to 5.2% and it again raised in 2000, till now, to 7.3%. As it shown
in Figure 3.1, the total registered vehicles are increasing with R?-value of

0.992.
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Figure 3.1: Total Registered Vehicles in Bahrain (1990-2012)
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Table 3.3: Registered Vehicles by Governorates 2012

Governorate | Number of Vehicles | Percentage of Vehicles
Muharraq 80108 15.86%
Capital 131006 25.93%
Northern 114679 22.70%
Central 110525 21.88%
Southern 68831 13.63%
Total 505149 100%

Southern
. 13%

Figure 3.2: Registered Vehicles by Governorates 2012
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3.2.4 Current Public and Private Buses

The private buses showed continuous increase since 1985 and even
before, the numbers escalated from 2272 in 1985 to 9176 buses in 2012
(Table 3.4), which indicates that the need of the mass transit is
significant. On the other hand, the number of public buses decreased
rapidly to reach 128 buses in 2012. Decreasing in public buses indicate
that there is reasons which should be considered. These changes have
significant negative effect on the road network and it will reflect the high

need of the mass transportation.

Table 3.4: Historical Bus Data, Public and Private Bus (1985-2012)

Public Buses Private Buses
Year | Public Buses | %of Annual Growth Rate | Private Buses | % of Annual Growth Rate
1985 198 2272
1986 197 -0.5% 2394 5.4%
1987 196 -0.5% 2500 4.4%
1988 193 -1.5% 2535 1.4%
1989 189 -2.1% 2663 5.0%
1990 179 -5.3% 2873 7.9%%
1991 169 -5.6% 2970 3.4%
1992 167 -1.2% 3152 6.1%
1993 170 1.8% 3488 10.7%
1994 171 0.6% 3707 6.3%
1995 161 -5.8% 3849 3.8%
1996 161 0.0% 4031 4.7%
1997 153 -5.0% 4289 6.4%
1998 155 1.3% 4646 8.3%
1999 150 -3.2% 4767 2.6%
2000 149 -0.7% 5019 5.3%
2001 151 1.3% 5025 0.1%
2002 170 12.6% 4847 -3.5%
2003 195 14.7% 5153 6.3%
2004 209 7.2% 5473 6.2%
2005 111 -46.9% 5569 1.8%
2006 113 1.8% 6065 8.9%
2007 115 1.8% 6823 12.5%
2008 126 9.6% 7924 16.1%
2009 134 6.3% 9460 19.4%
2010 133 -0.7% 8418 -11.0%
2011 125 -6.0% 8944 6.2%
2012 128 2.4% 9176 2.6%
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As can be seen from Figure 3.3, the public buses in the years from 2002,
2003 and 2004 showed unexplained high frequencies without any rational
and then again continued decreasing, the R*- Value of the developed

model is 0.403 which is slightly low.
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Figure 3.3: Public Buses in Bahrain (1990-2012)

Figure 3.4 shows the model fitted to the private bus trends. The
exponential model with high R2-Value of 0.962 shows continues

increasing in the coming future.
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Figure 3.4: Private Buses in Bahrain (1990-2012)
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3.2.5 Taxis

Number of taxis during the years 1985 to 2000 is marginally constant as

shown in Table 3.5; it is started increasing from year 2009 to reach 1450

in 2012. On the other hand the number of taxi on call has also shown on

increasing trends; it was 23 taxis in 1985 to 64 in 2012. Yet they are

considered very limited compared with total number of vehicles.

Table 3.5: Taxi and Taxi on Call (1985-1992)

Year Taxi Taxi on Call Year Taxi Taxi on Call
1985 927 23 1999 908 14
1986 950 23 2000 896 16
1987 951 14 2001 937 19
1988 921 8 2002 944 33
1989 937 8 2003 953 52
1990 917 8 2004 951 62
1991 915 i 2005 964 52
1992 914 6 2006 971 50
1993 927 6 2007 980 50
1994 913 7 2008 1092 50
1995 902 7 2009 1376 49
1996 889 8 2010 1407 60
1997 891 11 2011 1420 58
1998 900 14 2012 1450 64
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Figure 3.5: Taxi in Bahrain (1990-2012)

It is shown in Figure 3.6 the number of taxi on call, it is increasing in year
2003, 2004 and 2005, then again it is start to decrease without any
1dentified reason, the R2-Value = 0.891.
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Figure 3.6: Taxi on Call in Bahrain (1990-2012)
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3.2.6 King Fahad Causeway

King Fahad Causeway was opened for the public use late in 1986.
Table 3.6 presents yearly arriving and departing vehicles through King
Fahad Causeway for the years 1987 to 2012. The amount of the vehicles

arriving from King Fahad Causeway will affect the traffic jams on major

roads of Bahrain. The traffic is continuously increasing.

Table 3.6: Arriving and Departing Vehicles through King Fahad

Causeway (1987-2012)

Year Arriving Departing Year Arriving Departing
1987 665376 664709 2000 1578657 1606032
1988 523304 527177 2001 1800421 1827815
1989 502169 501927 2002 2021928 2008839
1990 496444 492288 2003 2068192 2542321
1991 610415 611778 2004 2445276 2470746
1992 682127 690332 2005 2960660 2992281
1993 831188 838421 2006 3199270 3253865
1994 966979 971701 2007 3413943 3302441
1995 906328 903602 2008 3807636 3810870
1996 836768 843821 2009 3807636 3810870
1997 1055399 1072312 2010 3688547 3903559
1998 1167082 1181350 2011 3022307 3261815
1999 1328529 1363203 2012 3333455 4908464
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Figure 3.7: Modeled Arriving Vehicles through King Fahad
Causeway to Bahrain (1990-2012)
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Figure 3.8: Modeled Departing Vehicles through King Fahad

Causeway

As it shown in Figure 3.7 and Figure 3.8, the arriving and departing

vehicles during the year 2011 has shown clear decreasing figure,

probably due to unstable concerns in Bahrain.
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3.2.7 Fuel Consumption

Table 3.7 presents the total market sales of fuel in Bahrain for the period
from 1990 to 2012 as provided by BAPCO.

Due to the continuous increase in car population, Gasoline consumption,
as well as all other types of fuel has also shown an increasing trend. On
the other hand, the Kerosene type is also increasing trend except for the

years 2007 and 2008.

Table 3.7: Fuel Consumption in Bahrain (in thousand BBL = 156
litters) (1990- 2012)

Yeni Total Gasoline | Kerosene Diesel Total
(1000 BBL) | (1000 BBL) | (1000 BBL) | (1000 BBL)
1990 1909 99 712 2720
1991 1964 107 692 2763
1992 2131 113 816 3060
1993 2257 121 800 3178
1994 2338 125 785 3248
1995 2385 125 856 3366
1996 2468 126 848 3442
1997 2591 131 888 3610
1998 2740 133 933 3806
1999 2862 136 947 3945
2000 3073 141 972 4186
2001 3225 145 984 4354
2002 3437 156 1255 4848
2003 3657 182 1438 5277
2004 3875 192 1676 5743
2005 4101 208 2338 6647
2006 4297 173 2374 6844
2007 4513 173 2722 7408
2008 4790 211 3107 8108
2009 4985 204 2851 8040
2010 8447 300 4220 12967
2011 8112 310 3823 12245
2012 9040 306 4143 13489
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Figure 3.9 to Figure 3.12 show the trends in fuel consumption for the
period from 1990 to 2012. Such models indicate the future needs of

various types of fuel.
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Figure 3.9: Total Fuel Consumption (in thousand BBL = 156 litters)
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Figure 3.10: Fuel Consumption- Gasoline (in thousand BBL = 156
litters)
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Figure 3.11: Fuel Consumption- Kerosene (in thousand BBL = 156
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The increasing in the fuel price will affect the use of the Mass Transit

System by the time. It will have strong positive relationship.
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3.2.8 Population Trend

The population trend has a great influence on the type of Mass Transit
System that will be suitable to satisfy the necessary demand on various
types of transportation systems. Table 3.8 shows the population trends in
Bahrain as a whole, Manama and Muharraq for the years 1941 to 2011. It
is growing through years. The population reached 1234571 by the end of

2011;

Table 3.8: Population of Bahrain (1941-2010)

Year | Whole Bahrain | Manama | Muharraq
1941 89970 - -
1950 109650 - -
1959 143135 - -
1965 182203 79704 46373
1971 216078 89399 49540
1982 385000 121986 68964
1991 350798 136999 82855
2001 650604 163696 103576
2007 1046814 264741 167908
2011 1234571 329510 189114
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Figure 3.13: Population of Bahrain Country Wise (1940-2010)
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Figure 3.15: Population of Muharraq (1965-2010)
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Table 3.9: Population by Governorate for the year 2011

Governorate | Population | Percentage of population
Muharraq 188579 16.07%
Capital 296427 25.27%
Northern 273105 23.28%
Central 314719 26.83%
Southern 100388 8.56%
Total 1173218 100%
Southern
2

9%

Figure 3.16: Population by Governorate 2011

Table 3.10: Population, Area, and density by Governorate for the

year 2007
Governorate Population Area sq.km Population Density

Capital 264741 25.29% | 37.19 | 4.96% 7119
Muharaq 167908 16.04% | 50.24 | 6.70% 3342
Northern 269762 25.77% | 140.64 | 18.76% 1918
Central 271126 | 25.90% | 84.56 | 11.28% 3206
Southern 3277 7.00% 437 | 58.30% 168
Total 1046814 100% | 749.63 | 100% 1396
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Figure 3.19: Density by Governorate
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The populations of the various Governorates in Bahrain are increasing
rapidly as been shown in Table 3.9 and Table 3.10, and Figure 3.17 to
Figure 3.19. The population during the period from 2001 to 2011 has
increased by more than 50%. The central governorate shows the highest
population (271,126) and the southern showed the lowest population
(73,277) as per 2007 records. According to 2001 and 2007 data, Manama
showed the highest population density and the Southern Governorate the
lowest. Although the Capital is the smallest governorate, it carries 25.3%
of the total kingdom’s population. The Southern is the biggest one and

accommodates only 7% of the population.
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3.2.9 Housing Development

Table 3.11 presents statistics development of housing units by

governorate since 1965, which are considered to be a major traffic

generator.

The urban development in Bahrain is also growing rapidly. As per 2011

data shown in Table 3.11, Manama holds 31% of the housing units in

Bahrain, Muharraq holds 17% of the housing units.

During the last few years, lots of project, especially housing and

commercial projects have been constructed. Accordingly, the urban

development showed a significant increase which will obviously affect

the traffic and increase the need for mobility.

Table 3.11: Housing units by governorates for the year 2011

Year Whole Bahrain Manama Muharraq
1965 23600 11996 50.83% 6768 28.68%
1971 31045 14042 45.23% 7256 23.37%
1981 52810 21050 39.86% 10260 19.43%
1991 83470 27968 33.51% 13834 16.57%
2001 105686 34210 32.37% 17388 16.45%
2011 151580 47179 31.12% 26257 17320
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Figure 3.20: Development of Housing Units in Bahrain (1965-2010)
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3.2.10 Land Use Development

Land use in Bahrain has been dictated by the geographical condition of its
site. Opposite to the fertile land along the northern coast, the south is
mostly deserted. Human settlements and agriculture went therefore hand
in hand for long time. Overall, land use types were limited to 5 classes as

shown in Table 3.12.

The land use for agriculture activities was increasing during the period
from 1939 to 1969 and decreasing since 1969. Other types of land use are

continuously increasing.

Table 3.12: Land Use by Types and Years in Hectare (based on
Middle East Spatial Technology, 2007)

Land Use Type 1939 | 1956 | 1962 | 1969 | 1990 | 2000 2007
Agriculture 4620 | 6911 | 7321 | 8207 | 6887 | 4365 4042
Urban Development 562 | 1262 | 1441 | 2050 | 8159 | 10175 | 11543
Industrial 573 | 684 | 707 | 765 | 1403 | 2060 2568
Services - - 150 | 255 | 1140 1500 2570
Tourisms and Leisure - - - - 16 59 1038
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3.2.11 Traffic Data (Total Daily and Peak hour
Traffic)

The data about the traffic is very important criteria which can lead us to
choose the ideal type of transportation mode that will satisfy the demand
for transportation. The study handles the main road network all around

Bahrain for 32 years (1980 — 2012).

The Study Area

It is necessary to delineate the study area boundaries and the automatic
count sites. The main cities all around Bahrain and other attraction areas

were selected as follows:
1. Manama
2. Muharraq
3. Buddaya
4. Sittra
5. Riffa
6. Isa Town
7. Hamad Town
8. King Fahad Causeway

Figure 3.21 shows the main cities and other attraction sites which

includes this study.
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Figure 3.21: Main Cities and Road Network in Bahrain
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Traffic flow between cities

The traffic flow between cities was calculated as the traffic travel

between the attached cities, the cities were selected either geographically

attached or by road network which connected it as follows:

1.

2.

Manama - Muharraq
Manama - Sittra
Manama - Isa Town

Manama - Buddaya

. Isa Town - Riffa

Isa Town - King Fahad Causeway

Isa Town - Hammad Town

. Riffa - Hammad Town

Hammad Town - King Fahad Causeway

10.Buddaya - King Fahad Causeway

The connected cities and the main concentration road network of the

main automatic traffic sites are presented in Table 3.13. As can be seen

from the table, 21 traffic count sites were considered in this study. These

are gathered from Ministry of Works.

See Appendix (1) for traffic count data.
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Table 3.13: The connected cities and main attractive location

Cities Site Location
No.
19 SH HAMAD C.WAY
1 | Manama Muharraq 21 SHAIKH ISA BIN SALMAN C.EWAY
74 SH.KHALIFA CAUSEWAY
o _— 52 MAJLIS AL TAW(;IXEIEVI\S( (NORTH NABIH
™ SHAIKH SALMAN HIGHWAY (NORTH
BAHRAIN GAS RDT)
34 | SH.ISA B.SALMAN HWY (NEAR NEW ZINJ)
3 Manama Isa Town 35 TUBLI SERVICE ROAD (NEAR PETROL
STATION)
o SALMABAD BAYBASS HIGHWAY (NEAR
SHISA BIN SALMAN HWY)
43 BUDAIYA HIGHWAY (NEAR AL QADAM)
t e Didday 44 | AL NAKEEL HWY (NEAR PETROL STATION)
: SHAIKH SALMAN HIGHWAY (SOUTH ISA
TOWN GATE RDT)
40 | 16 DECEBER HWY (NEAR BIN KHALDOON
5 Isa Town Riffa SCHOOL)

87 SH. ZAYED HIGHWAY (WEST A'ALI RDT)

97 SH. ZAYED HIGHWAY (NEAR SH.KHALIFA

BIN S. HWY)
R o King Fahad 7 SAUDIA APPROACHED ROAD (EAST
Causeway JANABIYA FLYOVER)
SH. KHALIFA BIN SALMAN HWY (NEAR
7. Isa Town Hammad Town 26 CAMAL CROSSING)
. 30 A'ALL- BURI AVE (WEST TANNAL)
8 i S own e WALI AL AHED HIGHWAY (NEAR BDF.)
gy | Mo K o 39 WALI AL AHEDHWY (NEAR HAMALA)
Town Causeway
i R King Fahad 42 | JANABIYA HIGHWAY (NORTH FLYOVER)
y Causeway 75 AVENUE 27 SAAR (NEAR SIBS HWY)

Analysis of Traffic Counts between the cities in terms of
Total Daily Traffic and Peak Hour Traffic.

The collected vehicular traffic volumes over the past 32 years (1980 —
2012), were gathered for each area. The counts cover the traffic flow in
both directions of traffic. The Total Daily Traffic (TDT), am Peak Hour
(am Pk Hr) and pm Peak Hour (pm Pk Hr), were considered for the
calculation of the total traffic flow. See Appendix (2) for southbound

direction for all sites.
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1- Manama — Muharraq

The traffic flow between Manama and Muharraq, as can be seen from
Table 3.14 is continuously increasing since 1980. This is due to continues
increase in population on limited land and limited public bus service.
Therefore the number of vehicle will continue to increase if no proper
action was considered towards more sustainable transportation. The

average annual growth rate is 6% from year 1980 to year 2012.

Table 3.14: Total Daily Traffic, am Peak and pm Peak between
Manama and Muharraq

Total Daily Traffic am Peak Hour pm Peak Hour

Belod o} o1 o Loveim ] 10 | 2tk v w0 | 21 | 7 | vota
Years

1980 37096 37096

1984 38000 38000

1986 41000 41000

1987 40400 40400

1988 39400 39400

1990 40200 40200

1992 41553 41553

1993 40631 40631

1994 56506 56506

1995 43710 43710

1996 45711 45711

1997 28308 | 11810 40118 | 2432 | 1456 3888 | 1933 | 893 2826
1998 29398 | 23672 53070 | 2381 | 2100 4481 | 1947 | 1517 3464
1999 29523 | 21512 51035 | 2520 | 1768 4288 | 1944 | 1330 3274
2003 32766 | 38179 70945 | 2063 | 2021 4084 | 1768 | 1899 3667
2004 35378 | 34576 | 8797 78751 | 2242 | 1995 | 685 | 4922 | 2179 | 2533 | 504 | 5216
2005 38181 | 30163 | 16790 | 85134 | 3904 | 3058 | 1076 | 8038 | 2438 | 1861 | 1516 | 5815
2006 33476 | 27754 | 14363 | 75593 | 3349 | 1437 | 1502 | 6288 | 2115 | 2499 | 963 | 5577
2007 34615 | 21718 | 15537 | 71870 | 3100 | 2050 | 1397 | 6547 | 2224 | 1352 | 1109 | 4685
2008 36198 | 24277 | 18124 | 78599 | 3435 | 1811 | 1693 | 6939 | 2227 | 1622 | 1375 | 5224
2010 45073 | 34085 | 24162 | 103320 | 2498 | 1824 | 1644 | 5966 | 3688 | 2334 | 1905 | 7927
2011 44592 | 33498 | 29107 | 107197 | 2539 | 1862 | 2045 | 6446 | 3646 | 3695 | 2206 | 9547
2012 44006 | 31241 | 32199 | 107446 | 2423 | 1813 | 2042 | 6278 | 4271 | 2373 | 2454 | 9098

*empty cell indicate no data were yet available, missing years means no data.
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The TDT in 1980 was over 37,000, increased to 40,000 in 2000 in the
same location, then to 107,000 in 2012. The latter is about three times the
1980 record and over twice that of 2000 record. In simple look; this

means that in 12 years’ time the record will pass the 210,000 record.
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2- Manama — Sittra

As in the earlier case, the traffic between Manama and Sittra 1is
continuously increasing; at a rate even more than Manama and Muhharaq
(Table 3.15). This is probably due to several reasons, among which the
economic issues is one of them since is Sittra becoming commercial area.
Besides being the mid-point between Manama, Muharraq and other
Southern cities. The average annual growth rate is 8% from year 1980 to

year 2012.

Table 3.15: Total Daily Traffic, am Peak and pm Peak between
Manama and Sittra

Total Daily Traffic am Peak Hour pm Peak Hour
DIEEED. 24 Total 24 Total 24 Total
Years

1980 17532 17532

1984 10150 10150

1987 17400 17400

1988 17350 17350

1990 19700 19700

1991 21098 21098

1992 24610 24610

1993 24386 24386

1994 25734 25734

1995 25205 25205

1996 22967 22967

1997 24188 24188 1586 1586 1909 1909

1998 26163 26163 1840 1840 2057 2057

1999 31261 31261 1793 1793 1936 1936

2003 29083 29083 1814 1814 2040 2040

2004 25211 25211 1563 1563 1707 1707

2005 35470 35470 2345 2345 2414 2414

2006 34520 34520 2056 2056 2280 2280

2007 37733 37733 2465 2465 2557 2557

2008 39674 39674 2711 2711 2821 2821

2010 27585 27585 1768 1768 1798 1798

2011 26416 26416 1695 1695 2494 2494

2012 49630 49630 3266 3266 3712 3712

*empty cell indicate no data were yet available, missing years means no data.

The drop in the Total Daily Traffic counts during year 2010 and year
2011 is probably due to instability in that area.
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3- Manama - Isa Town

The main educational area is in Isa Town and the surrounded area such as
Aali. New Private school and colleges are open to cover the requirements
of the students; therefore the traffic flow between Manama and Isa Town
1s becoming more and more since 1980 as it represent in Table 3.16. The

average annual growth rate is 16% from year 1980 to year 2012.

Table 3.16: Total Daily Traffic, am Peak and pm Peak between
Manama and Isa-Town

Total Daily Traffic am Peak Hour pm Peak Hour
Site No.
11 34 35 98 Total 11 34 35 98 Total 11 34 35 98 Total
Years

1980 34269 34269
1984 2800 13250 16050
1986 21000 7000 28000
1987 19400 6800 26200
1988 33250 22550 8300 64100
1990 23600 7500 31100
1991 23722 9221 32943
1992 36085 25651 8450 70186
1993 32637 25645 8706 66988 2218 1886 669 4773 2617 1933 743 5293
1994 40357 27188 8599 76144
1995 38269 29051 10276 77596
1996 23699 28715 11552 63966
1997 49222 30472 12088 91782 3968 2667 769 7404 3586 2109 873 6568
1998 50078 38747 12566 101391 2866 801 3667 2658 870 3528
1999 50466 29866 13416 93748 3558 2371 818 6747 3373 1989 918 6280
2003 38179 35721 12536 5192 91628 2394 778 3172 2366 744 3110
2004 49953 33712 11644 5517 100826 1961 688 2649 2254 707 2961
2005 52676 40834 11283 8431 113224 2514 737 3251 2614 699 3313
2006 44687 38584 12102 9005 104378 3154 2344 722 680 6900 2919 2472 728 698 6817
2007 51998 17540 69538 4494 1660 6154 3880 1196 5076
2008 47226 24404 71630 3874 2369 6243 2960 1624 4584
2010 47229 57426 25564 12701 142920 3350 4551 1783 934 10618 3122 3812 1774 952 9660
2011 54900 58701 25273 14340 153214 4185 4061 1850 1058 11154 3566 3750 1604 1163 10083
2012 62381 68204 26644 24344 181573 4586 5129 2002 1971 13688 4072 4396 1736 1803 12007

*empty cell indicate no data were yet available, missing years means no data.
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4- Manama — Buddaya

The average annual growth rate from year 1980 to year 2012 is 7%
between Manama and Buddaya, it is gradually increasing due to the new
housing project in the area which will increase the population, and

therefore the number of vehicles will rise. See Table 3.16.

Table 3.17: Total Daily Traffic, am Peak and pm Peak between
Manama and Buddaya

Total Daily Traffic am Peak Hour pm Peak Hour
DIENG; 43 44 Total 43 44 | Total | 43 44 | Total
Years

1980 16168 992 17160

1984 17750 17750

1987 18600 18600

1988 15700 1000 16700

1990 10900 10900

1991 20770 20770

1992 17089 1931 19020

1993 23690 1974 25664 1956 51 2007 1743 76 1819

1994 21769 2211 23980

1995 23061 2149 25210

1996 22300 2529 24829

1997 20271 2188 22459 1354 170 1524 1515 152 1667

1998 20136 2685 22821

1999 23533 1014 24547 1494 111 1605 1600 72 1672

2003 35590 10738 46328

2004 35944 6189 42133

2005 39616 5047 44663

2006 35268 8824 44092 2568 425 2993 2476 668 3144

2010 36205 7531 43736 2180 465 2645 2022 757 2779

2011 33072 5477 38549 2217 384 2601 2071 649 2720

2012 31824 5501 37325 2265 389 2654 2081 685 2766

*empty cell indicate no data were yet available, missing years means no data.
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5- Isa Town — Riffa

The traffic flow between Isa Town and Riffa continuously increasing

since 1980 due to increasing in number of population therefore the

number of vehicular will increase as it shown in Table 3.18. The average

annual growth rate is 9% from year 1980 to year 2012. New area is

developing and new roads are opened to solve the traffic jam problem.

Table 3.18: Total Daily Traffic, am Peak and pm Peak between Isa-

Town and Riffa
Total Daily Traffic am Peak Hour pm Peak Hour
Site No.
it 8 40 87 97 Total 8 40 87 97 Total 8 40 87 97 Total
1980 24694 4618 29312
1987 20200 20200
1988 24200 4550 28750
1991 20403 20403
1992 22859 3443 26302
1993 24259 6536 30795 1589 615 2204 1763 544 2307
1994 24791 7092 31883
1995 24416 6211 30627
1996 21840 7160 29600
1997 25183 7396 32579 1772 738 2510 1835 637 2472
1998 23556 7693 31249
1999 24450 8483 32933 1656 951 2607 1669 830 2499
2003 25661 13249 12813 8901 60624
2004 28061 14097 14835 10125 67118
2005 27905 18057 17237 14062 77261
2006 23176 17002 14795 14062 69035 1617 1711 1103 1545 5976 1603 1509 943 1328 5383
2010 27612 | 22185 23920 9718 83435 | 2018 1830 | 2065 882 6795 2550 1910 1510 686 6656
2011 23035 16227 13615 14006 66883 1568 1111 1410 117 4206 1540 1148 906 1087 4681
2012 32703 20182 21018 12848 86751 3190 1403 1505 1177 7275 2542 1671 1597 1049 6859

*empty cell indicate no data were yet available, missing years means no data.
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6- Isa Town - King Fahad Causeway

The number of vehicles arriving and departing from King Fahad
Causeway is incessantly growing as represent in Table 3.19, therefore the
traffic movement between Isa Town and King Fahad Causeway is rapidly
rising. The average annual growth rate is 14% from year 1980 to year

2012.

Table 3.19: Total Daily Traffic, am Peak and pm Peak between Isa

Town and King Fahad
Total Daily Traffic am Peak Hour pm Peak Hour
SUENO. 46 Total 46 Total 46 Total
Years

1980 4812 4812

1988 4700 4700

1992 5623 5623

1993 5923 5923

1994 7873 7873

1995 7230 7230

1996 6605 6605

1997 8511 8511 604 604 562 562

1998 9047 9047

1999 8233 8233 576 576 518 518

2003 15382 15382

2004 15551 15551

2005 19972 19972

2006 22205 22205 1745 1745 1496 1496

2010 31088 31088 2081 2081 2084 2084

2011 32615 32615 2170 2170 2284 2284

2012 29496 29496 1974 1974 2323 2323

*empty cell indicate no data were yet available, missing years means no data.
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7- Isa Town - Hammad Town

Hammad Town is new cities therefore the available data is from 1990 as
1t shown in Table 3.20. The average annual growth rate from year 1980 to
year 2012 between Isa Town and Hammad Town is high which 22%; the
reason is to cover the needs of the residents since the facilities in

Hammad Town was very limited.

Table 3.20: Total Daily Traffic, am Peak and pm Peak between Isa
Town and Hammad Town

Total Daily Traffic am Peak Hour pm Peak Hour

RICING; 26 Total 26 Total 26 Total
Years

1990 8400 8400

1994 12267 12267

1995 13312 13312

1996 12546 12546

1997 15141 15141 1640 1640 1183 1183

1998 14260 14260

1999 14125 14125 1216 1216 1042 1042
2003 24945 24945

2004 24640 24640

2005 47017 47017

2006 33862 33862 2193 2193 2728 2728

2010 57768 57768 5525 5525 3924 3924
2011 59250 59250 5034 5034 3679 3679

2012 64189 64189 5971 5971 4927 4927

*empty cell indicate no data were yet available, missing years means no data.
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8- Riffa - Hammad Town

The average annual growth rate from year 1980 to year 2012 is 19%

between Riffa and Hammad Town as it shown in Table 3.21, it is

gradually increasing due to the new housing project in the area which will

increase the population, and therefore the number of vehicles will rise.

Table 3.21: Total Daily Traffic, am Peak and pm Peak between Riffa

and Hammad Town

Total Daily Traffic am Peak Hour pm Peak Hour
SHENO- 30 56 Total | 30 | 56 | Total | 30 | 56 | Total
Years

1988 7250 7250

1990 11100 11100

1991 10731 10731

1995 1276 14156 15432

1996 1592 13759 15351

1997 1843 13100 14943 137 820 957 131 867 998

1998 1510 14860 16370

1999 2380 13364 | 15744 | 293 | 629 922 164 | 708 872

2003 7979 24627 32606

2004 7852 22018 29870

2005 11061 32189 43250

2006 9287 27088 | 36375 | 907 | 2499 | 3406 | 645 | 1691 | 2336

2010 5269 43837 49106 337 3280 3617 404 2957 3361

2011 5150 51815 56965 493 4533 5026 400 4126 4526

2012 5873 44229 50102 582 3461 4043 428 3571 3999

*empty cell indicate no data were yet available, missing years means no data.
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9- Hammad Town - King Fahad Causeway

Hammad Town is nearest city to King Fahad Causeway, the traffic
movement between Hammad Town and King Fahad Causeway is
increasing due to the increase in number of vehicles arriving and
departing King Fahad Causeway as it shown in Table 3.22. The average
annual growth rate is 12% from year 1980 to year 2012.

Table 3.22: Total Daily Traffic, am Peak and pm Peak between
Hammad Town and King Fahad Causeway

Total Daily Traffic am Peak Hour pm Peak Hour
BB, 39 Total 39 Total 39 Total

Years

1980 6634 6634

1986 10000 10000

1988 6450 6450

1990 11100 11100

1992 4789 4789

1993 7529 7529 854 854 535 535
1995 6060 6060

1996 6832 6832

1997 5928 5928 726 726 350 350
1998 6349 6349

1999 9402 9402 729 729 636 636
2003 17152 17152

2004 19224 19224

2005 32189 32189

2006 19392 19392 1480 1481 1481
2010 11807 11807 1050 1050 666 666
2011 10719 10719 912 912 644 644
2012 12336 12336 935 935 775 775

*empty cell indicate no data were yet available, missing years means no data.
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10- Buddaya - King Fahad Causeway

The average annual growth rate from year 1980 to year 2012 is 21%

between Buddaya and to King Fahad Causeway, it is high and it is

increasing gradually every year as it shown in Table 3.23. New highways

opened to link the cities and to minimize the traffic jam.

Table 3.23: Total Daily Traffic, am Peak and pm Peak between
Buddaya and King Fahad Causeway

Total Daily Traffic am Peak Hour pm Peak Hour

BUENG 42 75 | Total | 42 | 75 | Totat | 42 | 75 | Total
Years

1980 3630 3630

1984 2550 2550

1988 3550 3550

1990 4300 4300

1991 4646 4646

1992 5191 5191

1994 7105 7105

1995 7575 7575

1996 7648 7648

1997 7799 7799 419 419 613 613

1998 8570 8570

1999 8465 8465 473 473 670 670

2003 14805 14805

2004 16758 16758

2005 20168 20168

2006 14585 14585 901 901 1276 1276

2010 40703 40703 2296 2296 3005 3005

2011 18134 18134 1159 1159 1488 1488

2012 20064 10188 30252 1257 643 1900 1548 943 2491

*empty cell indicate no data were yet available, missing years means no data.
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Growth Rates of Vehicles between Cities

Table 3.24 present the summary of the average annual growth rates

between all cities and attractive areas.

Table 3.24: Summary of Average Annual Growth Rates between

Cities
5 Average Annual
N Gl Grovgvth Rate
1 Manama Muharraq 6.07%
2 Manama Sittra 8.11%
3 Manama Isa Town 16.26%
4 Manama Buddaya 7.28%
5 Isa Town Riffa 9.21%
6 Isa Town King Fahad Causeway 14.24%
7 Isa Town Hammad Town 21.73%
8 Riffa Hammad Town 18.76%
9 Hammad Town King Fahad Causeway 12.46%
10 Buddaya King Fahad Causeway 20.93%

3.3 Management and Operation Related Data

3.3.1 Questionnaire

Public opinion and the way that the people react towards the Mass Transit

System play an important role in proposing a successful system. This will

also insure that the system will provide the optimum service for the

people and can it attract them passivity.

For these reason a questionnaire have been specially designed to serve the

goals. Arabic and English versions of the questionnaire are presented in

Appendix (3).
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Around 160 person of the public were targeted to fill in the
questionnaires. It is distributed on shopping malls such as “City Center”
and “Lulu hyper super market”, furthermore, itspread in the Sooq
Bukoarah and to some of the students at the University of Bahrain and at
Arab Open University. The Microsoft Office Excel was using to collect
the data, but the most analysis have been done in SPSS, which analysis
all the data, categorize them, present them in different way like simple

tables, pie charts and Cross tabulation.

The first part of the questionnaire covers personal information such as
age, sex, nationality, living area, monthly income and occupation. The
second part covers, working hours, ticketing price and the validity of the

ticket for the proposed Mass Transit System.
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Questionnaire Analysis

Sex Type:

Over fifty percent of the respondents were masculine (Figure 3.22). The
presences of women in the local population were significant. This is due
to relative early girl education in Bahrain compared to other countries in
the area. The designer of transport system should study the general
requirement of women and particular requirement of local women
according to local culture and tradition. These requirements vary. It could
be security especially during night time or privacy due to the culture and
so on. These considerations would be success factor in designing a

sustainable transport system.

Sex Frequency | Percentage
Male 81 53.6
Female 70 46.4
Total 151 100.0

100

80

o
o
1

Frequency

40

Sex

Figure 3.22: Analysis of respondents by sex type
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Age:

The first age group in the sample that 33% of the respondents are from
this age group is (24-40 years) and second highest percentage is 27% in
the group of (41-50 years), (Figure 3.23). The proposed sustainable
transport system should satisfy the user needs. At different ages the
personal requirements, appearance and the social status, which are
important for the local society, should be taken into consideration to

prevent the failure of the proposed system.

Categorized Age | Frequency | Percent
0-18 years 3 2.0
19-23 years 34 225
24-40 years 50 33.1
41-50 years 41 272
51-60 years 19 12.6
60 years & more 4 2.6
Total 151 100.0

501

Frequency

0-18 years 1923 years 2440 yems  41-50years  51-60 years 60 years &
more

Catogrized Age

Figure 3.23: Analysis of respondents by age classification
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RespondentNationality:

Bahrainis consisted around 48 percent of the respond nationality
(Figure 3.24). The Saudi in Bahrain consisted of the next highest
respondents around 34% either they are residents or tourists therefore
their opinions should be considered. Careful attention should be
considered the need of the proposed sustainable transport system; it

should satisfy the user needs. It is expected that lots of Saudi people will

be significant users for the mass transit system.

Frequency

Figure 3.24: Analysis of respondents by nationality

S0

60

&
1

204

Nationality | Frequency | Percent
Saudi 51 33.8
Bahraini 72 47.7
Other Gulf 6.0
Other Arab 53
Asians 10 6.6
African 1 o
Total 151 100.0

Saudi Bahraini OtherGulf ~ Other A1ab Asins Afican

Nationality
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Occupation

Respondents Occupation:

Figure 3.25presents the distribution of the occupation of the respondents

according to the classification shown in the questionnaire. Most of the

replies came from other than listed occupations with 20.5% followed by

education sector with 17.9%, then accountant and financial affairs sector

with 16.5%.

Own Business

Technician

Teacher/Reseaircher

Accountant/Financial affaus

Occupation Frequency | Percent
Doctor 4 2.6
Engineer 10 6.6
Lawyer 1 5l
Accountant/Financial 18 11.9
Marketing 10 6.6
Teacher/Researcher 15 9.9
Student 27 17.9
Technician 6.0
Driver 1.3
Own Business 6 4.0
Other 31 20.5
Refined 8 5:3
Housewife 10 6.6
Total 151 100.0

10

1
20 30

Frequency

Figure 3.25: Analysis of respondents by respondents’ occupation
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Respondent Classified as per Driving License:

The majority of the sampled population owns a driving license
(Figure 3.26). This quite acceptable since more than 60% of respondent
were 21 years and more. The results highlight the strong dependence on
private cars as a major mean of mobility. The majority of people depend

on their own private cars due to the lack of suitable transport throughout

the past years.

Driving License | Frequency | Percent
Yes 117 S
No 34 2235
Total 151 100.0

100

80—

60—

Frequency

Driving License

Figure 3.26: Analysis of respondents by driving license
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Respondents’ Car Ownership:

More than 75 percent of the respondents own a car (Figure 3.27). This
finding reinforces the previous one. On the event of introducing a
transport system, the target users would perceive the situation as giving

up their cars. Unfortunately, the current culture seems not supportive of

public transport.
Own Car Frequency Percent
Yes 115 76.2
No 36 23.8
Total 1:51 100.0

120

100

80

60—

Frequency

Own Car

Figure 3.27: Analysis of respondents by car ownership
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Respondents Level of Education:

More than 65 present of the Respondents were university graduates
(Figure 3.28). Around 25 percent of the respondents were secondary
school. The intended transport system should target the well-educated
users since they are distinguishing the importance and advantages of the

mass transit system.

Level of Education | Frequency | Percent
Illiterate 1 i
Primary 4 2.6
Secondary 37 24.5
Graduate 100 66.2
Postgraduate 9 6.0
Total 151 100.0

100

80

60

Frequency

207

Secondary Graduate Postgraduate
Level of Education

i
Illiterate Primary

Figure 3.28: Analysis of respondents by level of education

73




Respondents’ Monthly Income:

Most frequent of monthly income ranged from 500 to 750 BhD. This
quite reasonable since large number of the respondents are university

graduates students (Figure 3.29).

Respondents monthly
income(BhD) Frequency | Percent

0-300 24 15.9
300-800 54 35.8
800-1500 17 113
1500-2500 31 20.5
above 2500 25 16.6
Total 151 100.0

60

&
1

30

Frequency

0
300-300 800-1500 1500-2500 above 2500

Monthly Income

Figure 3.29: Analysis of respondentsas their monthly income
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Respondents Living Area:

Most of the respondents were from the Muharaq and the Southern
districts (Figure 3.30). The distribution of population is a very important
criterion which indicates the most suitable transit system, since the
population capacity controls the efficient type, the higher population the

larger the capacity requirement of the system.

Living Area | Frequency | Percent
Capital 9 10.2
Northern 16 18.2
Southern 29 25.0
Muharraq 29 33.0
Middle 12 13.6
Total 88 100.0

Frequency

Capital Nosthem Southem Muhatrag

Living Area

Figure 3.30: Analysis of respondents by living area
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Number of Cars per House Hold:

Around 26% of the respondents have two cars in their houses, 18% have
three cars, 14% have four and 19% have five or more cars (Figure 3.31).
Nevertheless, around one-third of the respondents have one or two cars at
home. The results again confirm the complete dependents on the personal
car as a mode of transport. In other words, the result confirms being a car

oriented societies.

NO. of Cars | Frequency | Percent
No car 9 6.0

1 25 16.8

2 39 26.2

3 27 18.1

4 21 14.1

5 & more 28 18.8
Total 149 100.0

40

30

Frequency
§

2 3 5 & more

NO. of Cars in House

no car

Figure 3.31:Analysis of respondents by number of cars in the house
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Preferred Operating Hours for the Public Transport System:

More than 55% of the respondents prefer to have a system which operates
24hours a day. On the other hand, just over one-third prefer to have the
system working from Sam to 12 mid night. Further studied should be
considered to arrive to the best working hours which satisfy the people
needs most and economical investment (Figure 3.32). In the time being,
operation period of 5 am to 12 mid-night satisfies about 45% of the
respondents. While starting time at 5 am is very close to the current time;
end time is far more than that currently operating. Mass Transit System

has their systems closed late night when the users are very limited.

Operating Hours of Frequency Percent
Public Transportation

4am-6pm 13 8.6
6am-8pm 18 11.9
5am-12mid-night 36 23.8
24 hours 84 55.6
Total 151 100.0

100—

60—

Frequency

4am-6pm G6am-Spm Sam-12mid-might

Operating Hours of Public Transportation

Figure 3.32: Analysis of respondents by preferred operating hours
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Ticket Pricing System:

Around 40% of respondents prefer a fixed ticket price and around 60%

prefer distance depend price system (Figure 3.33).

Ticket Pricing System Frequency | Percent
Fixed price 62 41.1
Varying price to distance 89 58.9
Total 151 100.0

100

301

60

Frequency

207

Fixed price Varying price to distance

Ticket Pricing System

Figure 3.33: Analysis of respondentsby ticket pricing system
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Ticket Validity Period for any Number of Trips:

55% of the respondents find that the validity of tickets of any number of
trips to be for two hours. The second highest percentage of the
respondents wants the ticket to be valid for only one entry which is 37%

(Figure 3.34).

Validity of Tickets of any Frequency | Percent
number of trips

2 hours 83 55.0

1 hour 9 6.0
30 min. 1 i

15 min. 2 1.3
One entry use 56 371
Total 151 100.0

100

30—

60

Frequency

0—
2 hows 1 how 30 nun 15 nun One entiy use

Validity of Tickets of any number of trip

Figure 3.34: Analysis of respondents by Validity of tickets of any
number of trips
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Probability of Using Public Transportation System According to the
Ticket Fare:

As shown in Figure 3.35,35% of the respondents have the tendency to use
the public transport system all the time if the ticket price is 500 fils, while
30% of the respondents have the tendency to use the system all the time if
the ticket price is 750 fils as can be seen from Figure 3.36.However, 27%
of the respondents have the tendency to use the system for half of their
daily trips if the ticket fare is 500 fils, while 26% of the respondents have
the tendency it if the ticket price is 750 fils.

If the ticket price is 500 fils | Frequency | Percent
Using all the time 53 35.1
Using it 50%of the time 41 27.2
Using it 25%of the time 17 11.3
Using it for work only 19 12.6
Not using at all 21 13.9
Total 151 100.0

60—

Frequency

Using all the time  Using it 50%of the Usingit 25%ofthe  Using it forwork  No using at all
time time only

If the ticket price is SO0 fils

Figure 3.35: Probability of using the system if the ticket price is 500fils
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If the ticket price is 750 fils | Frequency | Percent
Using all the time 45 29.8
Using it 50%of the time 39 25.8
Using it 25%of the time 20 13.2
Using it for work only 21 13.9
Not using at all 26 17:2
Total 151 100.0

30

Frequency

0
Using all the time  Using it 50%of the  Using it 25%of the  Using it for work No usmg at all
time time only

If the ticket price is 750 fils

Figure 3.36: Probability of using the system if the ticket price is 750 fils

On the other hand, over half of the respondents will not be using the
system at all if the ticket price per trip is one dinar as shown
inFigure 3.37; yet 71% of the respondents will not be using the system at
all if the ticket price is 1.5 dinar per trip (Figure 3.38).

This may create economical deficiencies. Very low fares will lead to
uneconomical system, and relatively high fares may not attract sufficient

users, consequently leads to failure of the system.
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The results show that the people have the desire to use other means of
transport if they are ideal. Further guidance to the people may change

their idea and behavior toward using the mass transit system.

If the ticket priceis 1 BD | Frequency | Percent
Using all the time 36 23.8
Using it 50%of the time 28 18.5
Using it 25%o0f the time 15 9.9
Using it for work only 20 13.2
Not using at all 52 34.4
Total 151 100.0

60

50

s
=)
1

Frequency
3

20

Using all the time  Using it 50%of the Usingit 25%of the Usingit forwork ~ No usingat all

time time only

If the ticket price is 1 BD

Figure 3.37: Probability of using the system if the ticket price is 1 BD
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If the ticket price is 1.5 BD | Frequency | Percent
Using all the time 26 17.3
Using it 50%of the time 21 14.0
Using it 25%of the time 15 10.0
Using it for work only 17 11.3
No using at all 71 47.3
Total 150 100.0

80

60

Frequency
%

20+

Using all the time  Using it 50%of the  Uzing it 25%of the  Using it for work No wing at all

time time only

If the ticket price is 1.5 BD

Figure 3.38: Probability of using the system if the ticket price is 1.5 BD
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Concluding Remarks:

From the earlier analysis, one may conclude summarize as the following:

Working hours:

It looks that the most suitable operating hours is from 5am to 12 mid
night, since it suite just under half of the users. Further studies should be
considered to arrive to the best working hours which satisfy the people
needs and economical requirements. In the time being, the above

mentioned operating times will be used for this study.

Ticketing system:

The validity of tickets, for any number of trips, of two hours looks the
most suitable for the system; since over 55% of the respondents will be

satisfied, which means that the ticket could be used for round trips.

Ticket fare:

The ticket price of 500 fils and 750 fils are the most suitable fare rate to
use for the system. Since most of the respondents find them acceptable
for the current condition. However, one may keep the inflation rate for

their suitability in the future.
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3.3.2 Capacity and speed of the various modes of
transport

The capacity and speed of each system will vary according to its type.

Table 3.25 represent the capacity and speed of the mass transit system.

Table 3.25: Transit modes and its capacity and speed [7]

Type of mass transit system Vehicle capacity System capacity/day Average speed
Suburban rail < 800 16000-32000 40-60
Metro (rapid rail) <600 18000-36000 30-60
Light rail 150-250 8000-15000 25-35
Tram 100-200 4000-8000 15-20
Bus way 75-200 8000-15000 20-50
Bus lane 75-200 6000-12000 20-30
Local bus 75-150 4000-7000 15-20
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CHAPTER 4

Results and Discussion: Future Prediction of
Public Transport Growth
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4.2 Target Years

4.3 Future Prediction
4.4 Mode Choice Shift

86




CHAPTER 4

4.Results and Discussion: Future Prediction
of Public Transport Growth

4.1 Introduction

From the previous data discussed in Chapter 3, the increase in population
of Bahrain leads to an increase in housing units, educated and employed
people. That increase mode leads to an increase in the private car
ownership therefore increasing fuel consumption. All these development
have a direct effect rising up the number of vehicle Which will have an
enormous environmental effect, as well it will generate a massive rising
on the traffic, therefore, it is necessary to study the future prediction of
the data and then base our calculation and estimation according to the

result.

4.2 Target Years

As the 2030 vision is very popular here, the target year to predict the
various needs for the Mass Transit System will be considered here. The
base year to install and run the system is considered to be year 2017 to

provide sufficient time to study and design the system.
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4.3 Future Prediction

It 1s significant to base the study on the future prediction for the earlier
data gathered, to follow and satisfy the various needs for the Mass Transit
System in year 2030. The predicted data includes population, housing
development, fuel consumption, vehicle population, arriving vehicles

from King Fahad Causeway and public and private buses.

e Future Prediction of Population

As it mention in chapter 3, the population trends are rapidly increasing, it
will exceed 2 million by year 2030 as it shown in Figure 4.1. Increasing
in population has a significant effect on the number of vehicles, thus will

create more traffic jam.
The prediction can be explained by the following model:
Predicted Population = 4.22E-27%¢"%7

Where x is the year of estimate, as 2030.

2500000
y = 4.22E-27¢0.0370x =
. 2000000 =
(=]
£ 1500000
.E L
& 1000000 *
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{ e} v <o) v <] v {cmo) v s} wv () v (<o} v (e wv ] v { o)
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—_— — — — — —_— —_ — — p— — —_ o o o o o o o

Years

Figure 4.1: Future Prediction of Population for Bahrain as whole
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e Future Development of Housing Units

The housing units definitely will increase since the population is
increasing; it will exceed 350,000 units by the year 2030 as shown in
Figure 4.2 and explained be the developed exponential model. From the
analysis of the questionnaire in chapter 3, (Figure 3.31), around 26% of
the respondents' families own two cars or more and 19% have five or
more cars. Such expansion will also increase by year 2030. It will create
enormous negative influence on the road networking since it will not be

growing at the same rate.

The prediction can be explained by the following model:
Predicted Housing Units = 6.57E-31%e""*

Where x is the year of estimate, as 2030.

400000
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Figure 4.2: Future Development of Housing Units
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e Future Prediction of Fuel Consumption

The fuel consumption has a significant negative effect on the
environment. The air and sound quality will surly deteriorate. The
consumption of the fuel will reach 4,000,000 BBL by the year 2030 as
shown in Figure 4.3. Partial shift towards the use of mass transit system
will relatively control the consumption of the fuel gradually, with the

time.

The prediction can be explained by the following model:

Predicted Fuel Consumption = 9.22E-59%¢"""*

Where x is the year of estimate, as 2030.

50000

= 9.22E-59¢0071x
40000 y RZ=0938 /
30000
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Thousand BBL
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Years

Figure 4.3: Future Prediction of Fuel Consumption (in thousand
BBL = 156 litters)
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o Vehicles Entering Bahrain through King Fahad Causeway

Figure 4.4 present future prediction of yearly arriving vehicles through
King Fahad Causeway, the number of vehicles will exceed 25 million by

the year 2030, which will put more effect on the road.

The prediction can be explained by the following model:
Predicted Vehicles Entering Bahrain through KFC = 5.48E-83¢"'%*

Where x is the year of estimate, as 2030.
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Figure 4.4: Vehicles Entering Bahrain through King Fahad
Causeway
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e Future Prediction of Vehicle Population

The vehicle population is 500,000 in year 2012 as can been seen from
Figure 4.5. The future prediction of total number of registered vehicles
will exceed 1.5 million vehicles by year 2030 if no proper action is taken
towards singular cars to more sustainable Mass Transit System, which is
three times more than the current vehicle population. This figure is
Continuous increase in number of vehicles has a significant negative

effect on the road network and indicates the demand on transportation.

The prediction can be explained by the following model:
Predicted Vehicle Population = 8. 29E-51¢°%**

Where x is the year of estimate, as 2030.
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Figure 4.5: Future Prediction of Vehicles Population
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e Future Prediction of Private Buses

The private buses showed continuous increase. It is expected to reach
22,000 buses by year 2030, as shown in Figure 4.6. This is more than

double of the current value. This designates the necessity of the Mass

Transit System.
The prediction can be explained by the following model:
Predicted Private Bus = 4.162E-41*¢" %"

Where x is the year of estimate, as 2030.

7 25000
1]
= y =4.162E-41¢00507x
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Figure 4.6: Future Prediction of Private Buses
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o Future Prediction of Public Buses

On the other hand, the number of public buses showed a rapid decreasing
trend. It will drop to 95 buses by year 2030. Such a drop will affect the
road network since public buses will diminish with the time according to

the historical bus data.
The prediction can be explained by the following model:

Predicted Public Bus = 1.094E+15%e-0.015x

Where x is the year of estimate, as 2030.

200

160 . -2 y = 1.094E+15e-0.015x
R2=0.972
120

80

Number of Buses

40

0 T T T ] T L} T 1
1990 1995 2000 2005 2010 2015 2020 2025 2030
Years

Figure 4.7: Future Prediction of Public Buses

4.4 Mode Choice Shift

Almost all the developed countries work on controlling the vehicles
growth through provision of other transport modes; so as to encourage

auto-users to transfer to other Mass Transit Systems.

London population is more than 2.5 million and 43% of the trips are
public transport based, while the population in Sylvia is less than a

million and 25% of the trips are public transportation.
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Accordingly, Bahrain population is over a million, therefore the
percentage rate of the Mass Transit System should not be lesser than
18%; preferable should be greater to meet future needs. According to
similar countries the range is 18% to 35% [7]. Therefore three scenarios
will be assumed for controlling future vehicles growth through 1.5%, 2%
and 2.5% annual shift. As for the first scenario this means that each year,
starting from a base year as 2017, 1.5% out-users will shift towards
public transport. By the year 2030, the total shift of the passenger car
users will reach 20% toward more sustainable Mass Transit System. Such
gradual shift for the three scenarios can be seen from Figure 4.8 to
Figure 4.10. Similarly, the earlier three scenarios are applied on vehicle
population, arriving through King Fahad Causeway and for the private

bus users.
The developed models are as follows:
1. X=Y*(1-0.015)
2. X=Y*(1-0.02)
3. X=Y*(1-0.025)
Where,
X is the number of vehicles shifted to MTS
Y is the future prediction

n=1,23,...
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Figure 4.8: Future Prediction of Vehicles Population
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Figure 4.9: Vehicles Entering Bahrain through King Fahad

25000
20000
15000
10000
5000
0

Causeway

y= 4 164100507 11.3%

=0.974

4

1990 1995 2000 2005 2010 2015 2020 2025 2030

Years

Figure 4.10: Future Prediction of Private Buses
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Summary of Vehicle Shifting to Mass Transit System

Table 4.1 shows the total number of annual vehicles in year 2012, 2017
and 2030. It is summarize the total number of vehicles shifting to Mass
Transit System. The predicted values for various annual percentage shifts

for the year 2030 are presented according to the three scenarios which are

1.5%, 2% and 2.5%.

Table 4.1: Summery of Vehicles Shift to MTS by year 2030

Actual Considered Predicted Predicted Values for Various Annual
Vehicles Year Year Year Percentage Shift for the year 2030
2012 2017 2030 1.5% 2.0% 2.5%
Recl fod 505,149 686,001 1,572,991 1,292,401 1,209,665 1,131,843
Vehicles
Vehicle Shifting
10 MTS 280,590 363,326 441,148
Arriving
Vehicles through | 4,647,046 7,468,781 25,647,133 1,072,197 19,723,219 18,454,353
KFClyear
Arriving
Vehicles through 12,732 20,462 70,266 57,732 54,036 50,560
KFC/day
Vehicle Shifting
10 MTS 12,534 16,230 19,706
Private Buses 9,176 | 11,430 22,105 18,162 16,999 15,906
Vehicle Shifting
10 MTS 3,943 5,106 6,199
Toal Nimber of | 557,057 717,894 1,665362 | 297,067 384,661 467,054
Vehicle
Percentage of
Vehicle Shifting 18% 23% 28%
to MTS
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Concluding Remarks

The total predicted number of vehicles will be 1,665,362 by year 2030,
while the total number of vehicle shifted to Mass Transit System in 1.5%

scenario is 4,859,469, which is 18% decreasing in total vehicles number.

Accordingly in the other scenarios, the predicted number of vehicles shift
in 2% is 6,292,345 which 23% and decreasing in the total vehicle
numbers by the year 2030, and 28% on 2.5% scenario.
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CHAPTER 5

' 5.Results and Discussion: Planning Network
Design

5.1 Introduction

From the data gathered and analyzed one may realize the importance of
the provision of sustainable Mass Transit System in Bahrain for the entire
governorate. It is worth mentioning that due to the variation in traffic,
population and urban development between the various parts of Bahrain,
the type of the Mass Transit System may also differ from one place to
another. Three means of mass transit system are proposed here. These
include metro, tram and Bus Rapid System (BRS). These will be assigned

as per their capacities and speed.

5.2 Defining the site on the map and mode
selecting

From automatic traffic count sites, the Total Daily Traffic (TDT) of
vehicles was gathered for all the necessary sites. The earlier modes will
be assigned to various routes as per as total daily traffic shown in
Table 5.1. The routes with Total Daily Traffic more than 50,000 vehicles
will require a metro system. Those in the range from 25,000 to 50,000
vehicles require tram system. Those with Total Daily Traffic between
5,000 to 25,000 vehicles will be classifies as bus rapid transit. Sites with
lesser than 5000 vehicles will be covered with others means of transport

as local buses, taxis and other private transportations services. However,
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the earlier Total Daily Traffic rule may change in certain locations;
according to the importance of the routes, the direction of the route, and

attractions.

Table 5.1: Ranges of Classifying the total daily Traffic Flow of

Vehicle
Type of vehicles Range of Vehicles per day
Metro Sites more than 50000
Tram Sites from 25000 to 50000

Bus Rapid System (BRS) Sites from 5000 to 25000
Local Buses, Taxi and Private Cars | Less than 5000

The traffic count sites in each city which provided from the Ministry of

Works were surveyed and figured out as shown in Figure 5.1.

Total Daily Traffic for the various control sites as coordinated all over
Bahrain by Ministry of Works can be seen in Table 5.2. It is arranged
according to the previous classification range for Total Daily Traffic

(Table 5.1).
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Table S.2: Traffic Count Sites in Various Part of Bahrain (2012)

Mubharraq Manama Buddaya
Site NO. | TDT | System Site NO. | TDT | System Site NO. | TDT | System
20 8555 BRS 6 27653 | Tram 75 10188 BRS
25 12898 | BRS 9 32857 | Tram 76 5974 BRS
29 26633 | Tram 14 18859 | BRS 80 5599 BRS
36 27959 | Tram 16 16440 | BRS
50 17203 | BRS 17 23140 | BRS
58 12237 | BRS 23 23140 | BRS
62 26225 | Tram 32 21506 | BRS
65 25916 | Tram 33 29424 | Tram Isa Town
70 8800 BRS 34 73941 | Metro Site NO. | TDT | System
83 10787 | BRS 35 26644 | Tram 10 52769 | Metro
51 71203 | Metro 11 67159 | Metro
Sittra 52 27616 | Tram 87 22157 | BRS
Site NO. | TDT | System 53 60002 | Metro 97 19299 | BRS
5 46371 | Tram 63 17422 | BRS 98 24344 | BRS
24 49630 | Tram 67 30298 | Tram
73 15956 | BRS 77 22283 | BRS
78 12310 | BRS
Riffa 79 16632 | BRS
Site NO. | TDT | System 84 12220 BRS Hamad Town
7 36007 | Tram 85 12259 | BRS Site NO. | TDT | System
40 20182 | BRS 92 6483 BRS 45 26544 | Tram
48 30788 | Tram 47 13780 | BRS
49 14987 | BRS 68 26350 | Tram
59 22472 | BRS 82 11939 | BRS
66 23988 | BRS 99 49150 | Metro

The classified mass transit system sites are presented in Figure 5.1. The

marked sites present metro sites which carries a Total Daily Traffic more

than 50,000 vehicles. The hatched sites present the tram sites with Total
Daily Traffic from 25,000 to 50,000 vehicles. The doted sites indicate the
bus rapid transit carrying Total Daily Traffic between 5,000 and 25,000.

The total daily traffic for all other sites are less than 5,000 vehicles, taxis

and other transportation mode could be suitable for the entire areas.
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Figure 5.1: Classified Count Sites
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5.3 Networking the system

5.3.1 Metro Routs:

According to the sites assigned for possible metro route on the traffic
count and shown in Figure 5.1; two main metro routes are proposed. The
first route covers the Northern area and the other is to the south of the
first one. Both are in the heavily populated Northern part of Bahrain. The

speed of the metro system is 60 kilometers per hour [7].
Metro One:

The rout for first metro, as shown in Figure 5.2 , is located in the northern
part of the Kingdom of Bahrain. It covers mainly three areas; Muharaq
area which includes Bahrain International Airport. The airport is
important to be connected to the network since it plays an important

economic role.

Moving towards the west, the route crosses to Manama area; which is the
most congested area in Bahrain; since most of the governmental sectors,
agencies and commercial shopping centers. Manama is capital of Bahrain
and it holds 27% of the population, which sums to 329,510 as per 2011
statics and expected to reach 1,055,420 by year 2030.

The route is extending to reach King Fahad Causeway, a very important
link to Saudi Arabia and an important attraction. The causeway
accommodates a large number of entering and existing cars. The total
length of the route is 55 kilometers. The total elapsed time to complete a
full round trip is 55 minutes, inclusive of stops, based on average travel
speed of 60 kph.
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Figure 5.2: The First Metro Route from King Fahad Causeway to
Muharraq
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Metro Two:

The second proposed route for the metro is located in the central Bahrain.
It 1s connected to the first route from the south side of the first metro; to
northern side of the second one, as can be seen in Figure 5.3 . It mainly
serves three areas, Sittra Island, Isa Town and Riffa City. These areas are
located in the Central Governorate which accommodates the largest
number of population. The total length of the route is 34 kilometers. The
total elapsed time to complete round trip is 34 minutes; based on average

travel speed of 60 kph.
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Figure 5.3: The Second Metro Route from Isa Town to Riffa and
Sittra
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5.3.2 Tram Routs:

Three main trams routes are proposed. They are designed according to the
sites carrying traffic counts less than that for assigned for the metro.
These were shown in Figure 5.1. The first route covers the northern area
of Bahrain. The second route covers the central area and the last route
covers the southern area of Bahrain reaching to Bahrain University. The

average travel speed of the tram system is 20 kph.

Tram One:

The first tram rout is located in the northem part of the Kingdom of
Bahrain, as shown in Figure 5.4. It covers mainly two areas, the central
areas of Manama City and Buddaya. The future extension of this route
proposed towards the east side which will connect Muhharaq and Sittra.
The other future extension is in the west side which will be extended to
cover King Fahad causeway. The length of the route is 19 kilometers. The
total time for a full trip is 56 minutes considering the earlier average

travel speed.
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Figure 5.4: The First Tram Route from Buddaya to Manama




Tram Two:

The second tram route is located in the middle area of the Kingdom of
Bahrain as shown in Figure 5.5. It covers the internal part of the Riffa
area and Isa Town. The western part of the route is extended to be close
to King Fahad Causeway. This route also extends to cover Hiwar
Highway which led to State of Qatar in future. The total length of the

route is 29 kilometers. The total time for a trip is 86 minutes based on

average travel speed of 20 kph.

110




ey

M TRAM ROUTE

/

Figure 5.5: The Second Tram Route covers the internal part of Riffa

and Isa Town reaching KFC

11




Tram Three:

The third tram route is located in the southern area of the Kingdom of
Bahrain as shown in Figure 5.6. It covers the shortest length, among all
the metro and tram routs, of 12 kilometers. It connects the middle area of
the Kingdom to the southern area up to University of Bahrain passing

through Hammad Town. The total time for a full trip is 35 minutes based

on average travel speed of 20 kph.

112




M TRAM ROUTE

Figure 5.6: The Third Tram Route from Hammad Town to
University of Bahrain
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5.3.3 Rapid Bus Routes:

Eight main bus routes are considered according to the bus sites discussed
earlier. These are based on the traffic counts shown in Figure 5.1. The
first route covers the internal areas of Muharraq city. Two main routes
covers Manama city, since they pass through congested area, the fourth
route covers Buddaya city in the western side. The other four bus routes
cover the middle area; which include Isa Town, Riffa and the southern

area. The speed of the bus rapid system is 30 kph.

Bus One:

The first bus route is located in Muharaq city as shown in Figure 5.7. The
length of the route is 8 kilometers and the total time for round trip is 36

minutes based on average travel speed of 30 kph.
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Figure 5.7: The First Bus Route in Muharraq
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Bus Lines Two and Three:

The second and third bus routes are located in Manama city as shown in
Figure 5.8. The length of the second bus route is 22 kilometers. The total
elapsed time for round trip is 42 minutes based on average travel speed of
30 kph, while the length of the third bus route is 8 kilometers. The total

time for a trip is 32 minutes based on average travel speed of 30 kph.
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Figure 5.8: The Second and Third Bus Routes in Manama
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Bus Rapid Transit Route Four:

The fourth bus route is located around Buddaya city as shown in
Figure 5.9. The length of the route is 12 kilometers. The total time for

round trip is 22 minutes based on average travel speed of 30 kph.
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Figure 5.9: The Fourth Bus Route in Buddaya
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Bus Lines Five, Six and Seven:

The fifth bus as shown in Figure 5.10 is located in Isa town. It covers 12
kilometers in one direction. The total time take for one round trip is 22

minutes.

The sixth and seventh bus routes are located in Riffa. The length of the
sixth route is 22 kilometers. The corresponding total time for one round

trip is 44 minutes based on average travel speed of 30 kph.

The length of the seventh bus route which located in Riffa area is 6
kilometers. The total round trip time is 12 minutes based on average
travel speed of 30 kph. Those three routes are close to each other which

can be also linked as one line together.
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Figure 5.10: Sth, 6th and 7th Bus Routes in Isa Town and Riffa
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Bus Eight:

The eighth bus route is located in the Southern region as shown in
Figure 5.11. The length of the route is 11 kilometers. The correspond
total round trip time covering 22 km, is 44 minutes based on average
travel speed of 30 kph.
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Figure 5.10: The Eighth Bus Route in Southern Area
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Summary of proposed routes:

The proposed network includes two major metro routes, three tram routes

and eight rapid bus routes.

Table 5.3 presents the details of the proposed Mass Transit Routes, route
lengths average travel speed for each system. The total time for a trip for
each route is calculated by dividing the route length on speed, Time =

Distance/Speed.

Table 5.3: Mass Transit System Route Details

MTS | Route length (Km) | Average speed (kph) | Route trip Travel (min.)
Metro 1 55 60 55
Metro 2 34 60 34
Tram 1 19 20 56
Tram 2 29 20 86
Tram 3 12 20 35

Bus 1 4 30 9

Bus 2 11 30 42

Bus 3 8 30 32

Bus 4 6 30 22

Bus S 6 30 22

Bus 6 11 30 44

Bus 7 3 30 12

Bus 8 11 30 44

Figure 5.12 presents the proposed routes of Mass Transit System modes
all around Bahrain. Because the mass transit system covers the main
corridors, therefore they cannot cover all the areas, it is equally important
to integrate local busses, microbuses and taxis with the mass transit
system so as to have a better integrated system to move the users to their

final destination.
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Figure 5.11: Proposed Mass Transit System Network Routs
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CHAPTER 6

6.Results and Discussion: Managing and
Operating Mass Transit Systems

6.1 Introduction

As discussed in the previous chapter, 13 routes are proposed all around
Bahrain. Table 5.3 summarized the proposed Mass Transit Routes in terms of
details, distances, average travel speed and trip time. Further details are
discussed in this chapter. These include predicted number of riders, headways

and generated income of each routes.

6.2 Estimated total number of riders and number of
trips for each route

The total number of vehicles flow in a year should be calculated to determine

the number of riders in each rout.

As discussed in Chapter 4, the mode shift rate in vehicles will be used to
estimate the number of users. This will be utilizing, based on first scenario, an
annual shift to Mass Transit System of 1.5% (Table 4.1). This will lead to 18%
by the year 2030. Two methods are considered to estimate the total number of

riders. These are discussed next.
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6.2.1 First Method (model based method)

The total number of riders is estimated considering the total number of

registered vehicles, the number of public and private buses, and the arriving

vehicles from King Fahad Causeway. These are considered for the year 2030.

Which are predicted through the models developed in the earlier chapter
(Chapter 4).

Table 6.1 shows the total number of riders’ details. It is the summation of the

following:

Total number of registered vehicles shifted to Mass Transit System
multiplying by the number of riders which assumed not less than two

riders each vehicle.

Number of riders (A) = Total number of registered vehicles shifted to

MTS (B) * 2 (assumed)

Total number of private and public buses shifted to Mass Transit
System multiplying by the number of riders which assumed not less

than two riders each vehicle.

Number of riders (A) = Total number of private and public buses shifted

to MTS (C) * 2 (assumed)

The daily arriving vehicles from King Fahad Causeway shifted to Mass
Transit System multiplying by 2.5 riders in each vehicles, which were
calculate as the average of total yearly riders arriving from King Fahad

Causeway for the last 10 years.
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Number of riders (A) = T daily arriving vehicles from KFC shifted to
MTS (D) * 2.5 (calculated)

- A safety factor of 20% was considered for other unknown and hidden

data. The total number of riders shifted to Mass Transit System is

720,522 which will be distributed through the proposed routes.

Total (A) = [(B*2) + (C*2) + (D*2.5)]*20%

Table 6.1: Estimated total number of riders shifted to MTS by year 2030,
based on the first method (model based method)

Daily
VNI(;: (;f Pl]';vate Public No. of vel-n?le ﬂg'e:sf No. of Safety Total no.
S (1;§ i ( (1:1)s Bus | riders per a;,:lo";‘g s riders | Factor | of riders
Tabled.l) | (Table4.1) © vehicle KFC (D) | per car (A) (20%) | (Total A)
(Table 4.1)
280590 3943 17 2 12534 2.5 600,435 | 120,087 720,522

To calculate the total number of riders on each route; first of all, the total daily

traffic flows between cities should be considered (Chapter 3 from Table 3.14

to Table 3.23). Secondly, the total number of vehicles between cities should be

shifted to year 2030 as shown in Table 6.2.
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Table 6.2: Total daily traffic flow shifted towards MTS between cities up

to year 2030
Cities Total daily traffic | Reference Total daily traffic
on year 2012 table shifted to 2030

1 Manama Muharraq 107446 Table 3.14 248933
2 Manama Sittra 49630 Table 3.15 68551
3 Manama Isa Town 181573 Table 3.16 427782
4 Manama Buddaya 37325 Table 3.17 93351
5 Isa Town Riffa 86751 Table 3.18 320111
6 Isa Town KFC 29496 Table 3.19 111231
7 Isa Town Hammad Town 64189 Table 3.20 376921
8 Riffa Hammad Town 50102 Table 3.21 250978
9 Hammad Town KFC 12336 Table 3.22 30241
10 Buddaya KFC 30252 Table 3.23 159677

Total 649100 2087776

Table 6.3 present the total daily shifted traffic flow reduction using three

possible scenarios of annual mode shift. The first scenario is to reduce the

vehicles after the mode transfer to public transportation by 1.5% each year

which sums to 18% by the year 2030 from a base year 2017 of the total daily

traffic, the second scenario is 2% annual reduction which is sums to 23% of

the total daily traffic flow by the year 2030 and the last scenario is to reduce

the number of total vehicles by 28% which is correspondent to 2.5% annual

mode shift.

The latter is determining through = (1 + GR)™ = (1 + 0.025)2030-2017

= (1.025)13
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Table 6.3: Total number of daily traffic flows shifted to MTS between
cities, using three different scenarios

Scenario 1 Scenario 2 Scenario 3
Total daily (TDT shift) (TDT shift) (TDT shift)
traffic 18% shift 2030 23% shift 2030 28% shift 2030
Cities shifted to 1.5% % of 2% o of 2.5% o of
2030 annual annual | annual | annual | annual o
(Table 6.2) | mode mode mode mode mode annual.
shift shift | shift | shift | shie | ™ode shift
1 Manama Mubharraq 248933 44405 12% 57498 12% 69814 12%
2 Manama Sittra 68551 12228 3% 15834 3% 19225 3%
3 Manama Isa Town 427782 76308 20% 98808 20% 119972 20%
4 Manama Buddaya 93351 16652 4% 21562 4% 26181 4%
5 Isa Town Riffa 320111 57101 15% 73938 15% 89776 15%
6 Isa Town KFC 111231 19841 5% 25692 5% 31195 5%
7 Isa Town | Hammad-T 376921 67235 18% 87060 18% 105708 18%
8 Riffa Hammad-T 250978 44769 12% 57970 12% 70387 12%
9 Hamma-T KFC 30241 5394 1% 6985 1% 8481 1%
10 Buddaya KFC 159677 28483 8% 36882 8% 44782 8%
Total 2087776 372418 100% 482230 100% 585520 100%

Each proposed route pass through couple of cities. Table 6.4 shows the

adjusted percentage of traffic flow between cities. Metro two passes through

the highest percentage (32%) of the traffic flow so it will generate the

maximum number of riders.

Table 6.4: Adjusted percentage of traffic between cities of each route

: Total % of
o, M o,
MTS Cities % of reduction adestiosin Adjusted %
(Table 6.3) of each route
each route
Manama Mubharraq 12%
Manama Buddaya 4% . 5
Meta Buddaya King Fahad Causeway 8% 2Le 20
Manama Sittra 3%
Isa Town King Fahad Causeway 5%
Metro 2 | Isa Town Hammad Town 18% 39% 32%
Isa Town Riffa 15%
Manama Muharraq 12% . .
el Manama Buddaya 4% e e
Tram 2 | Isa Town Hammad Town 18% 18% 15%
Isa Town Riffa 15% - 5
Lrim) Isa Town King Fahad Causeway 5% o 1
Total 121% 121% 100%

131




The total number of riders as been computed in Table 6.1 is 720,522. It will be

distributed all over the proposed routes according to the adjusted percentage of

traffic flow between the cities, as been predicted in Table 6.4. The total

number of riders in each proposed metro and tram routes is shown in Table

6.5.

Table 6.5: Total number of riders in each routs of Metros and Trams

Route Speed R?ute Totz.nl oo djesied 7 of Number of riders
MTS length (km) | (kph) Time of riders each route etk caite
(min.) (Table 6.1) (Table 6.4)

Metro 1 55 60 55 23 165,720
Metro 2 34 60 34 32 230,567
Tram 1 19 20 56 720,522 14 100,873
Tram 2 29 20 86 15 108,078
Tram 3 12 20 35 17 122,489

Total 100% 720,522

Each bus route pass through several count sites as shown in Chapter 5,

Figure 5.12. The total daily traffic of each bus route is shown in Table 6.6.
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Table 6.6: Total daily Traffic flow of bus routes

Bus Site no. Bus Site no.

Route (Figure 5.1) IDTMOW) okl Route (Figure 5.1) SBDOMOW) | Toal
25 12898 e 75 10188 o
50 17203 o 61 11909

Bus 1 47206
58 11909 97 12848

Bus 5 37192

83 5196 98 24344
23 23140 9 19876
32 20184 Bus 6 40 20182 54331
63 17422 49 14273

Bus 2 64 14314 120125 — 59 22472 o
71 16213 5 66 23988
79 16632 3 13375
84 12220 Bus 8 4 18478 50346
6 27563 41 18493
16 16440
17 7658

Bus 3 87417
77 12577
78 10920
85 12259 Total 465174

The percentages of total daily traffic flow of bus routes are shown Table 6.7
represent. The total daily traffic of the count sites pass through each route

considered to determine the percentages.

Table 6.7: Percentage of traffic flow of bus routes

Route TDT (Table 6.6) Percentage
Bus 1 47206 10%
Bus 2 120125 26%
Bus 3 87417 19%
Bus 4 22097 5%
Bus 5 37192 8%
Bus 6 54331 12%
Bus 7 46460 10%
Bus 8 50346 11%
Total 465174 100%
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20% from the total number of riders were assumed to be used by the bus

routes. The rider will distributed according to the percentages of the traffic

flow on each bus route. The calculations are shown in Table 6.7.

Consequently, Table 6.8 shows the number of riders in each bus route. The

highest number of riders consists in bus number two; which is located in

Manama. The area is always a congested.

Table 6.8: Total number of riders in bus routes

Distance | Speed R.OOt Total no. e feom % of each route Riders in

NS (km) (kph) [ of riders Total no. of (Table 6.7) each root
(min.) riders

Bus 1 4.297 30 9 10% 14410
Bus 2 10.556 30 21 26% 37467
Bus 3 7.828 30 16 19% 25939
Bus 4 5.597 30 11 720,522 144,104 5% 7205
Bus 5 5.617 30 11 8% 11528
Bus 6 10.887 30 22 12% 17293
Bus 7 3.149 30 6 10% 14410
Bus 8 11.165 30 22 11% 15851

Number of trips

Table 6.9 shows the Mass Transit System routs details, the number of riders,

capacity and number of trips of each route. The number of trips is determined

by dividing the number of riders over the capacity.
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Table 6.9: Detailed Mass transit system routes based on the First Method,
in term of distance, speed, travel time, number of riders, capacity and
number of trips

MTS Distance (km) | Speed (kph) R()((I)Itﬁ:.l)m o elzf;(llne:;;ltle Capacity Tg.p(;f
Metro 1 59 60 55 165720 600 276
Metro 2 34 60 34 230567 600 384
Tram 1 19 20 56 100873 220 459
Tram 2 29 20 86 108078 220 491
Tram 3 12 20 35 100873 220 557

Bus 1 4 30 9 14410 100 144

Bus 2 11 30 21 37467 100 375

Bus 3 8 30 16 25939 100 259

Bus 4 6 30 11 7205 100 72

Bus 5 6 30 11 11528 100 115

Bus 6 11 30 22 17293 100 173

Bus 7 3 30 6 14410 100 144

Bus 8 11 30 20 15851 100 159

6.2.2 Second Method (Percentage based method)

The second method in predicting the total number of riders is to fully consider
the total daily traffic on each route for metros and trams. The number of riders
for bus routes is assumed as a percentage of the total daily traffic of the
nearest metro or/and tram routes. All the estimates are considered after the

prediction for year 2030, is determined.

Table 6.10 show the total daily traffic for each route of metros and trams, the

redaction of the number of vehicles based on the first scenario which is 1.5%.
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Table 6.10: Total daily traffic of mass transit system routs based on the

second method

sosil o Total Daily Traffic considering
MTS Linking Cities 1.5% shift (Table 6.3) TDT for each rout
Manama Muharraq 44405
Manama Buddaya 16,652
Mo 1 Buddaya KEC 28,483 101,708
Manama Sittra 12,228
Isa Town KFC 19,841
Metro 2 | Isa Town | Hammad Town 67,235 144,178
Isa Town Riffa 57,101
Manama Mubharraq 44,405
Tram 1 o Buddaya 16,652 o
Tram 2 | Isa Town | Hammad Town 67,235 67,235
Isa Town Riffa 57,101
s Tomn KFC 19,841 B
Total 451,181 451,181

Table 6.11 show the mass transit system route details, number of riders,

capacity of vehicles and numbers of trips of each route. A safety factor was

also considered as 10% for other possible hidden users, as these coming from

minor roads not considered in total daily traffic.

Table 6.11: Detailed Mass transit system routes based on Second Method,
in term of distance, speed, travel time, number of riders

Route Route Average
Distance | Speed 5 % Safety No. of | Total number
MTS Time Time TDT > 5
(Km) (kph) R Factor 1.1 | riders of Riders
(hr.) (min.)

per Car
Metro1 | 54.789 60 0.913 55 101,768 111,945 2 223,890
Metro 2 | 34.207 60 0.570 34 144,178 158,596 2 317,191
Tram 1 18.588 20 0.929 56 61,057 67,162 2 134 325
Tram2 | 28.809 20 1.440 86 67,235 73,959 2 147917
Tram3 | 11.671 20 0.584 35 76,943 84,637 D 169,274
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Riders in bus route calculated as a 10% from the nearest metro or tram routes.
As is shown in Table 6.12, all bus routes are affected by two other systems,

bus one route which is located in Muharragq, is affected by only Metro one.

Table 6.12: Bus routes based on Second Method

Distance Route Time 10% from effected Total number of
N (Km) Speed (kph) (min.) routs Riders
Bus 1 4.297 30 9 Metro 1 22,389
Bus 2 10.556 30 21 Metro 1, Tram 1 17,911
Bus 3 7.828 30 16 Metro 1, Tram 1 17,911
Bus 4 5.597 30 11 Metro 1, Tram 1 17,911
Bus 5 5.617 30 11 Metro 2, Tram 2 23,255
Bus 6 10.887 30 22 Metro 2, Tram 2 23,255
Bus 7 3.149 30 6 Metro 2, Tram 2 23,255
Bus 8 11.165 30 22 Metro 2, Tram3 15,180

Route details of the mass transit system can be shown in Table 6.13. The table
includes the numbers of rider on each route, vessel capacity and number of

trips. The highest number of trips exists in Tram number three.

Table 6.13: Detailed Mass transit system routes based on the Second
Method, in term of distance, speed, travel time, number of riders,
capacity and number of trips

Distance Speed Route Time Riders in each . No. of
M (Km) (l?ph) (min.) root Capacity trips
Metro 1 54.789 60 55 223,890 600 373
Metro 2 34,207 60 34 317,191 600 529
Tram 1 18.588 20 56 134,325 220 611
Tram 2 28.809 20 86 147,917 220 672
Tram 3 11.671 20 35 169,274 220 769
Bus 1 4.297 30 9 22,389 200 112
Bus 2 10.556 30 21 17,911 200 90
Bus 3 7.828 30 16 17,911 100 179
Bus 4 5.597 30 11 17911 100 179
Bus 5 5.617 30 11 23,255 100 233
Bus 6 10.887 30 22 23,255 100 233
Bus 7 3.149 30 6 23,255 100 233
Bus 8 11.165 30 29 15,180 100 152
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6.3 Operation time of the Mass Transit System

As been discussed earlier, in Chapter 3, around 50% of the respondents prefer
to have a system working from 5am till 12 mid night, i.e. 19 working hours.
Furthermore, the traffic count for each site for 24 hours is considered here. It
is quite interesting to mention that traffic counts between 12 mid nights and 5
early mornings are very low. It represented less than 2% of the total daily
traffic flow. This support the earlier conclusion regarding the operation period

from 5 am to 12 mid-night, over 24 hours of operation.

6.4 Management of Mass Transit System Routes

Managing the mass transit routes has influence on the system performance.
Three main concerns will be discussed in this suction; number of riders,
number of trips, headway time between one arrival and another and the

generated income for each route considering both methods of riders’ estimate.

Metro 1:
ANALYSIS OF EXCLUDED OPERATING HOURS

Metro one is the longest route and covers 13 counting sites as shown in
Table 6.14. The percentage of vehicle flow for each hour between 12:01 to
4:59, shows to add to less than total 24 hours flow for the five hours. As
mentioned earlier, they are excluded from the system operating hours. The

total percentage of traffic flow in the four excluded hours is 3.4%.
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Table 6.14: Metro 1 route (Excluded hours)

Metro 1 TOTAL DAILY TRAFFIC FOR THE EXCLUDED HOURS
TIME 0:00 1:00 2:00 3:00 4:00
18 714 396 446 103 224
19 380 206 143 7 227
21 362 209 157 57 97
27 207 207 152 129 166
_q.’; 28 266 240 154 185 227
£ 31 571 335 130 81 223
=z 34 565 325 192 157 216
= 36 233 135 &4 55 60
= 51 1351 926 531 318 312
53 132 52 30 25 44
55 471 267 200 124 106
89 401 223 126 121 203
90 761 459 288 177 182
TOTAL 6614 3982 2683 1604 2287
PERCENTAGE OF TOTAL DAILY TRAFFIC FOR THE EXCLUDED HOURS
13 0.019 0.010 0.012 0.003 0.006
19 0.011 0.006 0.004 0.002 0.007
21 0013 0.008 0.006 0.002 0.003
27 0.008 0.004 0.003 0.003 0.003
5 28 0.005 0.004 0.003 0.003 0.004
2 31 0.010 0.006 0.003 0.001 0.004
z 34 0.015 0.008 0.005 0.004 0.006
B 36 0.012 0.007 0.004 0.003 0.003
= 51 0.019 0.013 0.008 0.005 0.004
53 0.006 0.002 0.001 0.001 0.002
55 0.019 0011 0.008 0.005 0.004
89 0.011 0.006 0.003 0.003 0.006
90 0017 0011 0.007 0.004 0.004
PE";{‘&I;AT?A‘%E 1.26% 0.74% 0.51% 0.30% 0.43%
ADJUSTED e
PERCENTAGE '

MASS TRANSIT SYSTEM’S OPERATING HOURS

The operation period of the mass transit system, i.e. from 5 am to 12 mid-
night, holds the remaining percentages of the traffic flow during a day. This is
96.75%, as shown in Table 6.15, for the balance of 19 hours. The total daily
traffic flow it is redistributed to get an adjusted percentages for the included

hours.
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ADJUSTED NUMBER OF RIDERS AND TRIPS

As discussed previously (Table 6.5), the total number of daily riders in “metro
one” is 165720 persons. This leads to a total number of trips of 276 trips
(Table 6.9). The calculation was based on 19 hours’ percentage of flow for the
operation hours which is 96.75%. As a result the adjusted number of riders is
160157 in (Metro 1) route and 267 trips. The adjusted number of riders and
trips distributed according to their adjusted percentage in each operation hour.

These are summarized in (Table 6.16).

HEADWAY TIME AND NUMBER OF BUGGIES

The total round trip time for one trip in (Metro 1) is 55 minutes as it discussed
previously in (Table 6.9). The corresponding headway time is the waiting
period between one trip and another. The headway time is calculated by the
dividing the total trip time for each route by the number of trips in each hour,

as follows:
(Headway time = Route time/Number of trips)

The headway time should also be adjusted to suite the users. Accordingly the
headway time is adjusted for each hour of the operation by either increasing or
decreasing the number of connected buggies in each hour as shown in

(Table 6.17).
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Generated Income

As discussed earlier in Chapter 3 (Figure 3.35 and Figure 3.36), 35% of the
respondents will use the public transport system all the time if the ticket price
is 500 fils, while 30% of the respondents will use the system all the time if the
ticket price is 750 fils. The latter holds the highest respondents. It is assumed
that if the riders are going to use the ticket all the time for round trips the
ticket price will become half the prescribed price. However, if the rider will be
using the ticket to reach the work, for example, as only a single trip; the ticket

price will be charged as a full ticket price, as shown in Table 6.18.

The generated income from (Metro 1) route for the various operating hours are
shown in Table 6.19. The total daily income will sum up to BD 110834 if the
ticket price is 750 fils for one day as shown in Table 6.19 . It is BD 68382 if
the ticket price is 500 fils. The details for all other routes in Appendix (4).
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Summary of Results

I- Number of riders considering both methods

Table 3.20 to Table 6.21 summarize the of mass transit system network

considering both methods for predicting the number of riders, using the three

scenarios of annual percentage shift to Mass Transit System, i.e. 1.5%
(Table 6.20), 2% (Table 6.21) and 2.5% (Table 6.22). The tables show the

summary of number of riders, total number of trips in each route and the

income on both ticketing system.

Table 6.20: Summary of Mass transit system routes, 1.5% reduction on
both methods, in term of distance, speed, travel time, number of riders,

number of trips and income

Method 1 Method 2
: Route
Distanc | Speed 3 .
M e Km kph E?:le Nul;}ben Number | Income | Income Nul;;ber Number | Income | Income
Riders of Trips | 750 fils 500 fils Riders of Trips | 750 fils 500 fils
Mel““’ 55 60 55 165720 276 82038 50616 | 223890 373 110834 68382
Metro
2 34 60 34 230567 384 70594 | 114419 | 317191 529 97116 157406
Tram 1 19 20 56 100873 459 30505 49443 | 134325 611 40622 65839
Tram2 | 29 20 86 108078 491 33067 53595 | 147917 672 45256 73350
Tram 3 12 20 35 122489 557 37981 61560 | 169274 769 52489 85073
Bus 1 4 30 9 14410 144 4397 7126 22389 112 6831 11071
Bus 2 11 30 21 37467 375 11439 18540 17911 90 5468 8863
Bus 3 8 30 16 25939 259 7759 12576 17911 179 5357 8683
Bus 4 6 30 11 7205 72 2225 3607 17911 179 5532 8966
Bus 5 6 30 11 11528 115 3602 5839 23255 233 7267 11778
Bus 6 11 30 22 17293 173 5363 8692 23255 233 7212 11690
Bus 7 3 30 6 14410 144 4395 7124 23255 233 7093 11496
Bus 8 11 30 22 15851 159 4848 7857 15180 152 4642 7524
Total | 871,832 | 3608 | 298213 | 400992 1’1553’“ 4363 | 395718 | 530,123
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Table 6.21: Summary of Mass transit system routes, 2% reduction on
both methods, in term of distance, speed, travel time, number of riders,
number of trips and income

Roitt Method 1 Method 2
MTS Distanc Ii}l)l’(]:;ﬁ e Number
e Km Tir_ne of Numl-)er Income | Income Nun.1ber Number | Income | Income
min. | piders | °fTriPs | 750fils | 500 fils | ofRiders | of Trips | 750 fils | 500 file
R s 60 [ 35 | 21485 | 358 | 1oeoam | 65540 || 2avdos |- asy |-iassic ) messs
el 60 | 34 | 298553 | 498 | 148156 | 91409 | 410719 | 685 | 203819 | 12575
T BT 20 | 56 | 130617 | 594 [ 64022 | 39500 | 173932 | 791 | &s253 | 5259
Tramz | 29 e R i R e e e
Toams | 12 20} 35 | 158606 | el igomn | aotsie ] midizy | 09| 110058 | 67965
Bus 1 4 30 9 18660 187 9227 | 5693 | 28991 145 | 14336 | 8845
Bus 2 11 30 ] 21 | 48515 485 | 24007 | 14812 | 23192 116 | 11476 | 7080
Bus 3 8 30 16 | 33587 336 | 16284 | 10047 | 23192 232 | 11244 | 6937
Bus 4 é 30 11 9330 93 4670 | 2882 | 23192 232 | 11610 | 7163
Bus 5 6 30 11 | 14928 149 7560 | 4664 | 30113 301 | 15251 | 9409
Bus6 | 11 30 | 22 | 22391 224 | 11255 | 6944 | 30113 301 | 15137 | 9339
Bus 7 3 30 6 18660 187 9224 | 5691 | 30113 301 | 14886 | 9184
Bus8 | 11 30 | 22 | 205% 205 | 10174 | 6277 | 19656 197 9743 | 6011
Total 1’1248’9 01 4672 | 550018 | 345457 1’4973"83 5650 | 741,405 | 457431

Table 6.22: Summary of Mass transit system routes, 2.5% reduction on
both methods, in term of distance, speed, travel time, number of riders,
number of trips and income

Method 1 Method 2
MTS Distanc Speed l.}.?:::

e Km Kmvhr. . Number Number Income Income Number of Number Income Income

of Riders of Trips 750 fils 500 fils Riders of Trips 750 fils 500 fils

Metro 1 55 60 55 260548 434 128981 79579 352003 587 174255 107511

Metro 2 34 60 34 362501 604 179891 110989 498693 831 247476 152687
Tram 1 19 20 56 158594 721 77735 47961 211187 960 103514 63866
Tram 2 29 20 86 169922 112 84263 51988 232558 1057 115323 71152
Tram 3 12 20 35 192579 875 96786 59715 266135 1210 133754 82523
Bus 1 4 30 L 22656 227 11203 6912 35200 176 17406 10739
Bus 2 11 30 21 58906 589 29149 17984 28159 141 13934 8597
Bus 3 8 30 16 40781 408 19771 12199 28159 282 13652 8423
Bus 4 6 30 11 11328 113 5671 3499 28159 282 14096 8697
Bus 5 6 30 11 18125 181 9180 5664 36563 366 18517 11425
Bus 6 11 30 22 27188 272 13666 8432 36563 366 18379 11339
Bus 7 3 30 6 22656 221 11200 6910 36563 366 18074 11151
Bus 8 11 30 22 24922 249 12353 7622 23866 239 11830 7299

Total | 1,370,708 5673 679,848 419452 1,813,808 6860 900,209 555,410
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2- Daily and yearly income considering both methods

Table 6.23 and Table 6.24 shows the summaries of daily and yearly income

of mass transit system network in both methods of calculation, the number of

riders and trips in all scenarios of reduction percentages.

Table 6.23: Summary of Generated Income, Method 1, all scenarios

Percentage annual shift to MTS 1.50% 2% 2.50%
Number of Riders During Year 2030 871,832 1,128,904 1,370,708
i Number of Trips During Year 2030 3,608 4,672 5,673
E Income (BD) for ticket price 750 Daily 298,213 559,918 679,848
§ fils/year During Year 2030 Yearly | 108,847,652 | 204,369,901 | 248,144,694
Income (BD) if ticket price 500 Daily 400,992 45451 419,452
fils/year During Year 2030 Yearly 146,362,111 | 126,091,973 | 153,100,108
Table 6.24: Summary of Income, Method 2, all scenarios
Percentage annual shift to MTS 1.50% 2% 2.50%
Number of Riders During Year 2030 1,153,665 1,493,837 1,813,808
5 Number of Trips During Year 2030 4,363 5,650 6,860
3 Income (BD) for ticket price 750 Daily 395,718 741,405 900,209
= fils/year During Year 2030 Yearly | 144,437,082 | 270,612,797 | 328,576,416
= Income (BD) if ticket price 500 Daily 530,123 457,431 457,431
fils/year During Year 2030 Yearly | 193,494,716 | 166,962,460 | 166,962.460
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CHAPTER 7

Conclusion and Recommendation

7.1 Conclusions

7.2 Recommendation
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CHAPTER 7

7.Conclusion and Recommendation

7.1 Conclusions
The Importance of a Mass Transit System in Bahrain

The necessity of sustainable Mass Transit System in the Kingdom can be
referred to the rapid increase in traffic all over the Kingdom and the
corresponding traffic problems associated with it, such as traffic jams, high
delays, cost and pollution. The vehicular daily trips and the vehicle
population are expected to triple by the year 2030. Similarly, the population
is expected to double by 2030 compared with the current figures. The rapid
urban development and land use require sufficient means of mobility; which
should provide sufficient support to such development. Consequently, the
fuel consumption will also sharply increase, along with its negative cost and
environment consequences. The current huge investment on road
infrastructure also calls for proper investment in mass transit system. The
insufficient public busses and poor quality and operation also call for drastic
change in the system to change the behavior to become less auto dependence
users. The public opinions confirm the necessity of better modes of public

transit system.

Data Modeling and Future Prediction

The study also developed many models to predict the future growth in
population, vehicles, total daily traffic and peak hour traffic on the important

corridors and between the cities, fuel consumption based on available
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historical data. As a result, a Microsoft Excel Spreadsheet is created to

determine the necessary data for a target year of 2030.

Procedural Frame Work for Mass Transit System

A procedural framework is developed here for a mass transit system based
on Microsoft Excel Spreadsheet. It covers the design of a network, the

planning and management considering both Macro and micro level of data.

Vehicle Shifting to Mass Transit System

The annual percentage shifts in the users from vehicles to Mass Transit
System are based on three scenarios. These include 1.5%, 2% and 2.5%. The
predicted total daily traffic all over the Kingdom sums to 1.6 million by the
year 2030. An annual 1.5% shift from cars to Mass Transit System, between
2017 (base year) and 2030 (target year) is around 5 million daily trips, which
is 18% shift to mass transit system. An annual 2.5% shift will lead to 28%
shift for the target year.

Planning Network Design

From the data gathered and analyzed, the study enhances the importance of
the provision of sustainable mass transit system in Bahrain for the entire
governorate. The study proposes routes for three modes of Mass Transit
System, Metro, Tram and Bus rapid transit. They were assigned to various

routes as per their capacities and average travel speed.
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Estimated Total Number of Rider and Number of Trips for
Each Route

Two methods are considered to estimate the total number of riders. The total
number of registered vehicles, the current number of public and private
buses, and the arriving vehicles from King Fahad Causeway are the basis of
the first method. The total daily traffic on each considered route for the use
of metro and tram is the basis of the second method. The number of riders
for bus routes assumed as a percentage from the total daily traffic of the
nearest metro or/and tram routes. All these number should be taken after the

prediction on year 2030.

Three types of Mass Transit System are proposed. Metro will have two
loops, the first route covers the Northern area and the other is to the south of
the first one. Tram will be laid in three locations; the first route covers the
northern area of Bahrain. The second route covers the central area and the
last route covers the southern area of Bahrain reaching to Bahrain
University. Bus Rapid Transit will have eight locations; the first route covers
the internal areas of Muharraq city. Two main routes covers Manama city,
the fourth route covers Buddaya city in the western side. The other four bus
routes cover the middle area; which include Isa Town, Riffa and the southern

arca.

The total number of riders in the proposed network according to the first
method is 871832; while the total number of rider in the second method is

1153665.
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Generated Income

The generated daily income if the ticket price is 500 fils according to the first
scenario (1.5%) is around BD 300,000 considering the first method while it
is around BD 400,000 considering the second method.

If the ticket price is 750 fils, the generated daily income according to the first
scenario (1.5%) is around BD 400,000 considering the first method while it
is around BD 530,000 considering the second method.
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7.2 Recommendations

l.

In order to have sufficient system, proper advertisement and marketing
should be considered to attract people to use the system and to change

the road users’ behavior toward such types of transportation modes.

Further studies to identify the best model for the system in terms of

being elevated from the ground or underground should be carried out.

The system should encourage student utilize the system for the
educational purpose. So that the new generations will be familiar to

use the mass transit system.

The system should be properly considered the local, the culture and

the tradition needs.

The available taxis and public busses should be integrated with the

mass transit system.

Provisions of proper services as toilets, coffee shops, communication

tool in the main stations are necessary.

Continuous electronic information system is necessary for the
passengers’ use. This should include arrival times, departure times and

trip duration.

Ticket price to be around 500 to 750 fils for a validity period of 2

hours is acceptable by the users.

The system should prevent any headway of over 10 minutes between

one arrival and another.
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MUASKAR HWY -NEAR ALBA RDT.

1174

THE HIGHHEST MONTH (DECEMBER)| NORTHBOUND!|  06.15-07.15 15.15-16.15 § SOUTHBOUND| 06.30-07.30 15.15-16.15
3 SHAIKH SALMAN HIGHWAY 7684 512 719 | 8841 718 677
NORTH AWALI RDT. NORTHBOUND| 11:00-12:00 15:00-16:00 § SOUTHBOUND| 07:00-08:00 14:00-15:00
) 4 AL ZALAQ HEY 8103 808 570 ‘ 6676 431 594
| EAST SAKAIR AVE EASTBOUND | 06:00-07:00 15:00-16:00 WESTBOUND | 07:00-08:00 14:00-15:00
_ 5 MAJLIS AL TOWN 20050 1792 1609 24218 1729 1728
EAST MAMEER PELICAN EASTBOUND | 06:45-07:45 15:15-16:15 WESTBOUND | 06:15-07:15 13:30-14:30
6 OMAN AVENUE 12279 875 973 7165 382 701
WEST TS.22 EASTBOUND 06:45-07:45 15:45-16:45 WESTBOUND | 11:00-12:00 13:15-14:15
- 7 ESTEGLAL HWY 17384 1094 1316 16645 1334 1159
NORTH SANAD RDT. NORTHBOUND{ 11:00-12:00 15:00-16:00 SOUTHBOUND{ 06:00-07:00 13:00-14:00
8 SHAIKH SALMAN HIGHWAY 25183 1772 1835 23474 1549 1587
i SOUTH 1SA TOWN GATE RDT. NORTHBOUND| 10:00-11:00 15:15-16:15 J SOUTHBOUND| 10:45-11:45 13:00-14:00
| A SALMANIYA AVENUE ( NEAR TS.6) 24386 1486 1606 22581 1308 1570
’ ' THE HIGHHEST MONTH (DECEMBER)| EASTBOUND 06.45-07.45 18.30-19.30 WESTBOUND | 11.00-12.00 12.45-13.45
11 SHAIKH SALMAN HIGHWAY 49222 3968 3586 45813 3516 3347
i NORTH BAHRAIN GAS RDT. NORTHBOUND| 07:00-08:00 16:00-17:00 § SOUTHBOUND|{ 07:00-08:60 13:00-14:00
. 13 BUDAIYA HWY - EAST X.2§ 18688 1570 1463 18260 1229 1520
'l THE HIGHHEST MONTH (DECEMBER)| EASTBOUND 06.30-07.30 15.45-16.45 WESTBOUND 11.00-12.00 13.15-14.15
_j 14 XHIBITIONS AVE.(NEAR 1.&PASPORT) 15601 952 986 17976 1281 1171
', THE HIGHHEST MONTH (NOVEMBER) NORTHBOUND| 10.30-11.30 12.15-13.15 § SOUTHBOUND| 10.45-11.45 17.45-18.45
. 15 KUWAIT AVENUE (SOUTH TS.6) 21173 1438 1592 13870 811 1019
) I THE HIGHHEST MONTH (NOVEMBER){ NORTHBOUND| 06.45-07.45 15.45-16.45 SOUTHBOUND| 06.45-07.45 12.30-13.30
16 SH ISA AVE. (SOUTH ANDALUS RDT.) 11241 658 702 12514 756 893
THE HIGHHEST MONTH (DECEMBER)|NORTHBOUND| 10.15-11.15 12.30-13.30 § SOUTHBOUND| 11.00-12.00 12.30-13.30
17 BANIOTBAH AVE (NORTH TS.43) 5946 323 415 6627 430 421
J THE HIGHHEST MONTH (NOVEMBER)|NORTHBOUND| 07.00-08.00 12.30-13.30 SOUTHBOUND| 06.45-07.45 12.36-13.30
ST ALFATEH HWY 23221 1391 1449 17566 1129 1124
NEAR AL FATEH MOSQUS NORTHBOUND| 07:15-08:15 17:45-18:45 § SOUTHBOUND| 06:30-07:30 12:45-13:45
19 SH HAMAD C.WAY 28308 2432 1933 33912 1843 2789
- THE HIGHHEST MONTH (DECEMBER)| WESTBOUND 6.30-7.30 15.15-16.15 EASTBOUND 11.00-12.00 13.30-14.30
20 ARADOUS HWY. - NEAR AD DAIR 2971 181 229 2887 169 189
o (NEAR SCHOOL) WESTBOUND | 07:00-08:00 18:00-19:00 EASTBOUND 11:00-12:00 17:00-18:00
SHAIKH ISA BIN SALMAN CAUSEWAY 11810 1456 893 12164 660 1240
. SOUTHBOUND| 06:30-07:30 15:30-16:30 §FNORTHBOUND; 06:30-07:30 13:30-14:30
22 RIFFA AVENUE 8564 478 647 8982 916 567
(NEAR MUASKAR HWY.) WESTBOUND | 11:00-12:00 15:00-16:00 EASTBOUND | 06:00-07:00 16:00-17:00
i 23 SEHLA AVENUE 15836 1007 1214 16551 1355 1107
NORTH SEHLA RDT. NORTHBOUND| 06:45-07:45 16:15-17:15 § SOUTHBOUND| 06:30-07:30 12:45-13:45
24 MAJLIS AL TAWON HWY. 24188 1586 1909 23492 1957 1621
THE HIGHHEST MONTH (DECEMBER)|NORTHBOUND| 06.45-07.45 15.30-16.30 B SOUTHBOUND 6.30-7.30 13.30-14.30
28 SHAIKH ISA AVENUE (MUHARRAQ) 6130 382 517
) SOUTH TSX.2 NORTHBOUND|{ 10:15-11:15 20:15-21:15
26 SH. KHALIFA BIN SALMAN HWY. 15141 1640 1183 ) 12707 910 1186
i NEAR CAMAL CROSSING NORTHBOUND| 06:30-07:30 15:45-16:45 B SOUTHBOUND| 06:30-07:30 15:45-16:45
27 SH. KHALIFA BIN SALMAN HWY. 12509 1255 901 b 13750 1055 946
‘ SOUTH BUDAIYA FLYOVER NORTHBOUND| 07:00-08:00 17:00-18:00 SOUTHBOUND|{ 06:00-07:00 14:0C-15:00
J 28 SH. KHALITFA BIN SALMAN HWY. 20560 1922 1417 : 16450 870 1443
: NORTH BUDAIYA FLYOVER NORTHBOUNDj] 07:00-08:00 17:00-18:00 § SOUTHBOUND| 10:00-11:00 18:00-19:00
P29 AIRPORT AVENUE 16334 1143 1062 14875 1253 1146
L EAST X.7 WESTBOUND | 06:30-07:30 18:15-19:15 EASTBOUND | 06:30-07:30 13:00-14:00
AI! 30 AALI - BURI AVE. 1843 137 131 1329 98 106
: WEST TANNAL EASTBOUND 11:00-12:00 16:00-17:00 WESTBOUND | 11:00-12:00 13:00-14:00
; 31 H. KHALIFA B.S. HWY.(NEAR SANABI 26869 2361 1832 28444 1583 2338
E THE HIGHHEST MONTH (DECEMBER)| EASTBOUND 06.45-07.45 15.45-16 45 WESTBOUND | 11.00-12.00 13.30-14.30
132 SH. SALMAN HWY. - NEAR TS.26 19726 1379 1478 . 22810 1433 1513
' THE HIGHHEST MONTH (JUNE) EASTBOUND 06.45-07.45 17.00-18.00 WESTBOUND 10.45-11.45 12.30-13.30
33 AVENUE 35 19129 1231 1426 B 14689 912 1014
( NEAR ZINJ ) NORTHBOUND| 10:00-11:00 17:00-18:00 § SOUTHBOUND| 11:00-12:00 12:00-13:00
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SH.ISA BSALMAN HWY, - NEAR TS.28

e THE HIGHHEST MONTH (NOVEMBER)| EASTBOUND 6.45-7.45 16.00-17.00 WESTBOUND | 11.00-12.0¢ 13.15-14.15
J 35 TUBLI SERVICE ROAD - NEAR TS.28 12088 769 873 13259 748 1062
= THE HIGHHEST MONTH (DECEMBER)| EASTBOUND 09.30-10.30 15.30-16.30 WESTBOUND | 11.00-12.00 13.30-14.30
36 ARAD HIGWAY 15688 1630 1270 15163 799 1301
i EAST X.22 WESTBOUND | 06:30-07:30 16:00-17:00 EASTBOUND | 11:00-12:00 13:30-14:30
|37 HAWAR HIGHWAY 6257 451 698 | 6731 1007 513
NEAR ALBA RDT. NORTHBOUND| 11:00-12:00 15:00-16:00 § SOUTHBOUND|{ 06:00-07:00 14:00-15:00
- 38 KING FAHAD C.WAY 4242 238 237 4571 246 218
I NEAR CAUSEWAY GATE EASTBOUND 08:00-09:00 12:00-13:00 WESTBOUND | 04:00-05:00 12:00-13:00
39 WALI AL AHEDHWY. 5928 726 350 6195 391 554
NEAR HAMALA NORTHBOUND| 06:00-07:00 17:00-18:00 SOUTHBOUND| 10:00-11:00 13:00-14:00
7 40 16 DECEBER HWY. 7396 738 637 | 6827 733 625
I NEAR BIN KHALDOON SHCOOL WESTBOUND 07:00-08:00 13:00-14:00 EASTBOUND 07:00-08:00 13:00-14:0¢
MUASKAR HWY 5847 365 429 5540 330 373
SOUTH X.35 NORTHBOUND| 06:00-07:00 17:00-18:00 § SOUTHBOUND{ 11:00-12:00 15:00-16:00
l 42 JANABIYA HIGHWAY 7799 419 613 7443 752 459
- NORTH FLYOVER NORTHBOUND| 10:00-11:00 13:00-14:00 SOUTHBOUND| 06:00-07:00 16:00-17:00
43 BUDAIYA HIGHWAY 20271 1354 1515 24004 1409 1798
{ NEAR AL QADAM EASTBOUND 07:00-08:00 17:00-18:00 WESTBOUND | 11:00-12:00 18:00-19:00
l 44 AL NAKEEL HWY. 2188 170 T 152 1635 86 123
NEAR PETROL STATION EASTBOUND 06:00-07:00 18:00-19:00 WESTBOUND 11:00-12:00 13:00-14:00
.. 45 SH.HAMAD AVENUE 11578 705 786 12566 795 869
l (NORTH RDT. NO. 1 HAMAD TOWN) NORTHBOUND| 11:00-12:00 13:00-14:00 § SOUTHBOUND/| 11:00-12:00 17:00-18:00
1 46 SAUDIA APPROCHED ROAD 8511 604 562 : 8799 578 533
EAST JANABIYA FLYOVER EASTBOUND 11:00-12:00 23:00-24:00 WESTBOUND | 05:00-06:00 23:00-24:00
© 47 ZAID BIN OMYRAH HWY, 5505 375 453 4545 335 353
! NEAR BURI RDT. NORTHBOUND| 06:00-07:00 17:00-18:00 § SOUTHBOUND| 11:00-12:00 17:00-18:00
48 ESTIGLAL HWY 11417 870 821 11705 10390 917
. EAST ISA TOWN GATE RDT. WESTBOUND 07:00-08:00 15:00-16:00 EASTBOUND 07:00-08:00 13:00-14:00
J 49 AL QUDS AVENUE 6587 382 501 7405 374 587
. WEST X.34 WESTBOUND | 07:00-08:00 17:00-18:00 EASTBOUND | 07:00-08:00 13:00-14:00
.50 SH.SALMAN AVE. (MUHARRAQ) 7217 497 530 10087 694 714
L NORTH SH.SALMAN RDT. SOUTHBOUND| 10:00-11:00 16:00-17:00 ENORTHBOUND| 06:30-07:30 12:30-13:30
.[- KING FAISAL HIGHWAY 40430 3232 2708 32890 1896 2550
: ) EAST CENTRAL MARKET RDT. EASTBOUND 07:00-08:00 16:45-17:45 WESTBOUND | 06:30-07:30 13:30-14:30
5 BUDAIYA HIGHWAY 15032 988 1217 17934 1100 1292
i NEAR INT.HOSPITAL EASTBOUND | 10:15-11:15 15:30-16:30 WESTBOUND | 10:45-11:45 16:15-17:15
[,_ 53 SH.ISA BIN SALMAN HIGHWAY 21725 1471 1449 23249 1396 1719
: EAST TS.24 EASTBOUND 06:45-07:45 15:45-16:45 | WESTBOUND 11:00-12:00 13:15-14:15
- 54 AL FATEH HIGHWAY 29769 1716 2093 22946 1469 1577
E NORTH TS.13 NORTHBOUND{ 07:00-08:00 13:30-14:30 | SOUTHBOUND| 06:30-07:30 12:30-13:36
5. 5% HALIFA AL KABEER HWY. -NORTH X 23714 2091 1639 19517 989 1736
. THE HIGHHEST MONTH (DECEMBER)| NORTHBOUND| 06.30-07.30 15.15-16.15 SOUTHBOUND| 11.00-12.00 13.30-14.30
56 WALI AL AHED HIGHWAY 13100 820 867 11745 689 786
I NEAR B.D.F. EASTBOUND 06:00-07:00 17:00-18:00 WESTBOUND |- 11:00-12:00 17:00-18:00
;57 KING FAISAL HIGHWAY 13992 980 1009 14780 989 1119
d NEAR FIRE STATION NORTHBOUND| 07:00-08:00 16:15-17:15 § SOUTHBOUND| 11:00-12:00 13:00-14:00
I 59 UM AL NASSAN AVE. 10274 802 613 10577 818 803
EAST TSX.37 WESTBOUND | 07:00-08:00 22:00-23:00 EASTBOUND | 07:00-08:00 22:00-23:00
1 NABIH SALEH AVENUE 1481 136 108 1607 111 141
R. NEAR POLICE STATION EASTBOUND 06:30-07:30 16:00-17:00 WESTBOUND 11:00-12:00 17:00-18:00
E 61 SAAR AVENUE 7385 618 566 7112 403 619
! NEAR PETROL STATION NORTHBOUND; 07:00-08:00 15:45-16:45 SOUTHBOUND| 11:00-12:00 13:00-14:00
i 62 AL GHOSE HWY 6181 330 467 . 8731 663 636
! SOUTH TSX.20 SOUTHBOUND| 10:00-11:00 17:00-18:00 B NORTHBOUND| 07:00-08:00 18:00-19:00
H-! 63 ISA AL KABEER HIGHWAY 14785 1002 916 . 10182 626 779
i BETWEEN TS.29 & TS.30 NORTHBOUND| 10:30-11:30 12:30-13:30 SOUTHBOUND| 11:00-12:00 18:00-19:00
s 64 ZUBARA AVENUE 5873 353 442 '
} IN FROM WEST EASTBOUND 10:45-11:45 18:30-19:30
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DRY DOUCK HWY
NEAR PETROL STATION WESTBOUND | 06:00-07:00 17:00-18:00 EASTBOUND 06:00-07:00 13:00-14:00
-~ 66 MAHZO00RA AVENUE 9785 _ 630 691 10464 553 776
l SOUTH SANAD RDT. EASTBOUND 07:00-08:00 16:00-17:00 WESTBOUND 11:00-12:00 13:00-14:00
- 67 PALACE AVENUE 15426 927 973 15985 928 1041
POLICE STATION NORTHBOUND| 11:00-12:00 17:00-18:00 SOUTHBOUND| 11:00-12:00 12:30-13:30
I 68 WALI AL AHED HIGHWAY 16867 1551 1311 18154 956 1431
J NEAR BURI EASTBOUND 06:00-07:00 16:00-17:00 WESTBOUND 11:00-12:00 14:00-15:00
69 BAGHDAD AVENUE 7782 499 546 5573 382 365
. NEAR GIRLS SCHOOL NORTHBOUND{ 06:45-07:45 15:45-16:45 SOUTHBOUND/| 06:30-07:30 18:30-19:30
J 70 A.RAHMAN ALFADEL HIGHW/AY 4974 339 321 9416 519 785
NEAR GARDEN SOUTHBOUND| 06:30-07:30 15:15-16:15 §NORTHBOUND| 06:30-07:30 18:00-19:00
71 SUWAIFYA AVENUE 7996 746 600 8564 586 681
1 NEAR HOTTEEN SCHOOL NORTHBOUND| 07:00-08:00 16:00-17:00 SOUTHBOUND/| 10:45-11:45 16:45-17:45
l 72 AVENUE 38 (A'ALI) 4168 256 326 6932 417 470
" NORTH TSX.60 NORTHBOUND;{ 07:00-08:00 13:00-14:00 SOUTHBOUND| 07:00-08:00 19:00-20:00
s SH.SALMAN A. AL FATEH AVENUE 7098 621 603 6390 993 454
I EAST TSX.43 WESTBOUND 06:45-07:45 13:45-14:45 EASTBOUND 06:45-07:45 14:30-15:30
R T SHAIKH ISA AVENUE 9854 612 747 10887 636 851
NEAR ANDALUS GARDEN NORTHBOUND| 10:30-11:30 17:15-18:15 SOUTHBOUND| 11:00-12:00 19:15-20:15
78 SHAIKH DUALJ AVENUE 2924 191 245 4993 263 380
! NORTH SH.HAMAD PALACE EASTBOUND 06:30-07:30 12:30-13:30 WESTBOUND 10:45-11:45 18:30-19:30
79 SH HAMAD AVENUE (MANAMA) 11007 721 753
NORTH BUDAIYA HWY. NORTHBOUND| 07:45-08:45 15:30-16:30
i 82 SH HAMAD AVENUE (HAMAD TWON) 4233 481 334 . 4397 220 393
SOUTH RDT. NO.22 SOUTHBOUND| 06:00-07:00 16:00-17:00 EFNORTHBOUND| 11:00-12:00 14:00-15:00
83 HAIKH ABDULLA AVE. (MUHARRAQ 9148 4711 1571 3552 185 598
3 EAST SH.SALMAN RDT. WESTBOUND 06:30-07:30 20:15-21:15 EASTBOUND 10:45-11:45 20:15-21:15
| 84 GOVERNMENT AVENUE 7110 581 502 9405 576 653
- NEAR NBB. WESTBOUND 10:45-11:45 12:00-13:00 EASTBOUND 09:15-10:15 19:30-20:30
. 85 JUFFAIR AVENUE 6686 379 499 7074 395 527
l NEAR POWER STATION EASTBOUND 11:00-12:00 20:00-21:00 WESTBOUND 11:00-12:00 19:00-20:00
i 86 MUHARRAQ AVENUE 11247 979 9215 9074 825 729
; NEAR TLD. NORTHBOUND| 07:00-08:00 13:00-14:00 SOUTHBOUND| 07:00-08:00 13:00-14:00
Y92 OSAMA BIN ZAID AVENUE 7913 481 518 10547 608 673
L B NEAR BRITISH BANK EASTBOUND 11:00-12:00 17:00-18:00 WESTBOUND | 11:00-12:00 21:00-22:00
926 KING FAISAL HIGHWAY 19241 - 1267 1374 . 20400 1349 1477
J NORTH SALMANIYA RDT. NORTHBOUND{ 11:00-12:00 16:30-17:30 SOUTHBOUND| 11:00-12:00 12:30-13:30
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IE HIGHEST MONTH (FEBRUAY  NORTHBOUND 06.15-07.15 16.30-17.30 SOUTHBOUND 11.00-12.00 15.15-16.15
3 SHAIKH SALMAN HIGHWAY 7232 6 495 7588 473 498
NORTH AWALIJ RDT. NORTHBOUND 09:30-10:30 12:00-13:00 SOUTHBOUND 10:45-11:45 13:00-14:00
. AL ZALAQ HEY 72 849 n2 8597 724 738
EAST SAKAIR AVE EASTBOUND 06.15-07.15 15:15-16:15 WESTBOUND 07:00-08:00 13:30-14:30
MAJLIS ALTOWN 26236 2352 1857 27252 1896 1955
EAST MAMEER PELICAN EASTBOUND 07:00-08:00 15:00-16:00 WESTBOUND 06:00-07:00 14:00-15:00
OMAN AVENUE 14320 1ns 1062 8255 458 796
¢ WEST TS.22 EASTBOUND 06:45-07:45 16:00-17:00 WESTBOUND 11:00-12:00 13:15-14:15
ESTEGLAL BWY 16731 1163 1273 19484 1231 1201
! NORTH SANAD RDT. NORTHBOUND 10:30-11:30 15:15-16:15 SOUTHBOUND 06.15-07.15 16:45-17:45
SHAIKH SALMAN HIGHWAY 24450 1656 1669 23745 1524 1684
8 SOUTH ISA TOWN GATERDT]{ NORTHBOUND 09:15-10:15 15:00-16:00 SOUTHBOUND 10:36-11:30 13:30-14:30
s LMANIYA AVENUE ( NEAR TY 25591 1598 7 25297 1471 1607
[THE HIGHEST MONTH (JUNE EASTBOUND 10.30-11.30 17.30-18.30 WESTBOUND 11.06-12.00 12.36-13.30
SHAIKH SALMAN HIGHWAY 50466 3558° 3373 46112 3566 3333 ¢
NORTH BAHRAIN GAS RDT. NORTHBOUND 07:00-08:00 13:00-14:00 SOUTHBOUND 07:00-08:00 13:00-14:00
BUDAIYA HWY - EAST X.25 19993 1610 1423 18585 1137 1397
THE HIGHHEST MONTH (JUNE* EASTBOUND 06.30-07.30 17.00-18.00 WESTBOUND 11.00-12.00 12.30-13.30
14 }Bmoss AVE.(NEAR l.&PASj 15939 923 988 24449 1974 1913
THE HIGHHEST MONTH (JUN NORTHBOUND 10.45-11.45 12.15-13.15 SOUTHBOUND 09.30-10.30 12.30-13.30
15 tUWAIT AVENUE (SOUTH TS.4 22513 1405 1584 14857 830 987
THE HIGHHEST MONTH (JUNH  NORTHBOUND 07.00-08.00 17.15-18.15 SOUTHBOUND 11.00-12.00 12.30-13.30
16 kSA AVE. (SOUTH ANDALUS R 11883 670 752 13388 794 899
THE HIGHHEST MONTH (OCTOB| NORTHBOUND 10.30-11.30 17.30-18.30 SOUTHBOUND 11.00-12.00 12.15-13.15
17 LNI OTBAH AVE (NORTH TS.4| 6368 43 414 6484 391 402
THE HIGHHEST MONTH (OCTOB] NORTHBOUND 10.30-11.30 16.30-17.30 SOUTHBOUND 06.30-07.30 12.45-13.45
ALFATEH HWY - 30170 1128 2061 36221 2312 2465
18 —
NEAR AL FATEH MOSQUS NORTHBOUND 10:45-11:45 13:15-14:15 SOUTHBOUND 07.00-08.00 12:45-13:45
" 19 SH HAMAD C.WwaAY 29523 2520 1944 35175 1829 2814
" THE HIGHHEST MONTH (JUN  WESTBOUND 06.30-07.30 17.00-18.00 EASTBOUND 11.00-12.00 13.30-14.30
RADOUS HWY. - NEAR AD DA 8272 778 530 3903 222 347
0 (NEAR SCHOOL) WESTBOUND 06.30-07.30 17:45-18:45 EASTBOUND 06:15-07:15 13:00-14:00
IKH ISA BIN SALMAN CAUSEN 21512 1768 1330 16183 846 1434
s SOUTHBOUND 06:45-07:45 19:45-20:45 NORTHBOUND 10:45-11:45 13:30-14:30
RIFFA AVENUE 8669 718 589 8294 453 567
2 (NEAR MUASKAR HWY.) WESTBOUND 06:15-07:15 16:30-17:30 EASTBOUND 10.45-11.45 13.00-14.00
SEHLA AVENUE 18162 1099 1311 17596 1329 1130
= NORTH SEHLA RDT. NORTHBOUND 07:00-08:00 16:00-37:00 SOUTHBOUND 06:30-07:30 12:30-13:30
24 MAJLIS AL TAWON HWY. 31261 1793 1936 27206 2214 1m7
HE HIGHHEST MONTH (JUNE  NORTHBOUND 06.45-07.45 16.45-17.45 SOUTHBOUND 06.30-07.30 13.30-14.30
IKH ISA AVENUE { MUHARR/] 5966 431 432
= SOUTH TSX.2 NORTHBOUND 10:00-11:00 12:30-13:30
. H. KHALIFA BIN SALMAN HW 14125 1216 042 16448 999 14517
e NEAR CAMAL CROSSING NORTHBOUND 06:45-07:45 16:30-17:30 SOUTHBOUND 06:30-07:30 13:45-14:45
H. KHALIFA BIN SALMAN HW 12634 1032 855 18656 1163 1332
7 SOUTH BUDAIYA FLYOVER NORTHBOUND 07:00-08:00 17:00-18:00 SOUTHBOUND 06:30-07:30 13:30-14:30
1. KHALIFA BIN SALMAN HW 24009 2112 1575 27227 1311 2180
= NORTH BUDAIVA FLYOVER NORTHBOUND 067:00-08:00 17:15-18:15 SOUTHBOUND 11:00-12:00 13.30-1430
AIRPORT AVENUE 17230 942 1161 15536 906 1120
» EASTX.7 WESTBOUND 10:45-11:458 19:15-20:15 EASTBOUND 06:30-07:30 " 20:30-21:30
A'ALL- BURIAVE. 2380 293 164 2225 M 160
° WEST TANNAL EASTBOUND 06:30-07:30 13:00-14:00 WESTBOUND 06:30-07:30 13:45-14:45
31 HALIFA B.S. WY.(NEAR SAN 30283 2495 1949 32032 1987 2316
THE HEGHHEST MONTH (JUNH EASTBOUND 06.15-07.45 17.30-18.30 WESTBOUND 11.00-12.00 13.30-14.30
32 H. SALMAN HWY, - NEAR 75.2 32137 1816 1885 22727 1393 1343
THE HIGHIEST MONTH (OCTOB EASTBOLND 06.45-07.45 16.00-17.00 WESTBOUND 11.00-12.00 12.15-13.15
AVENLE 38 20847 1264 1518 15437 882 1066
> (NEAR ZINS) NORTHBOUND 07:00-08:00 16:45-17:45 SOUTHBOUND 11:00-12:00 12:36-13:30
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SA B.SALMAN HWY. - NEAR T

1317

M 29866 237 1989
THE HIGHHEST MONTH (MAY EASTBOUND 06.45-07.45 17.00-18.00 WESTBOUND 10.45-11.45 13051445
35 huszchs ROAD - NEAR T3 13416 818 918 14691 792 1038
THE HIGHHEST MONTH (JUNH EASTBOUND 0930-10.30 16.15-17.15 WESTBOUND 11.00-12.00 1330-14.30
5 ARAD HIGWAY 16498 1270 1330 11439 611 808
EAST X.22 WESTBOUND 06:30-07:30 17:15-18:15 EASTBOUND 06:15-07:15 17:30-18:36
HAWAR HIGHWAY 7278 596 908 7681 1142 590
7 NEAR ALBA RDT. NORTHBOUND 06.30-07.30 14:45-18:45 SOUTHBOUND 06:00-07:00 13:45-14:45
KING FAHAD C.WAY 3976 183 324 3829 187 233
% NEAR CAUSEWAY GATE EASTBOUND 10:45-11:45 17:00-18:00 WESTBOUND 07:45-08:45 14:30-15:30
5 WALI AL AHEDHWY. 9402 729 636 3856 5 37 -
¥ NEAR HAMALA NORTHBOUND 06:15-07:15 13:15-14:15 SOUTHBOUND 10:30-11:30 13:15-14:15
16 DECEBER HWY. 8483 951 830 8529 935 807
¥ EAR BIN KHALDOON SHCOO WESTBOUND 06:45-07:45 13:30-14:30 EASTBOUND 06.45-07.45 13.1514.15
" MUASKAR HWY 7069 44 562 6637 575 434
SOUTH X35 NORTHBOUND 06:15-07:15 15:00-16:00 SOUTHBOUND 06.30-07.30 13.30-14.30
JANABIYA HIGHWAY 8465 473 0’ 3093 802, 519
. NORTH FLYOVER NORTHBOUND 11:00-12:00 13:15-14:15 SOUTHBOUND 06:30-07:30 16:15-17:15
BUDAIYA HIGHWAY 23533 1494 1600, 24575 455, #1849
NEAR AL QADAM EASTBOUND 09:30-10:30 16:30-17:30 WESTBOUND 11:00-12:00 12:45-13:45
) AL NAKEEL HWY. 1014 M 2 1781 ETINES 153 #
# NEAR PETROL STATION EASTBOUND 06:15-07:15 15:45-16:45 WESTBOUND 06:15-07:15 18:00-19:00
» SH.HAMAD AVENUE 16260 1116 1260 17311 879 1307
DRTH RDT. NO. 1 HAMAD TOY  NORTHBOUND 06:00-07:00 16:15-17:15 SOUTHBOUND 11.00-12.00 13:30-14:30
6 SAUDIA APPROCHED ROAD 8233 57 518 %077 691 0%
EAST JANABIYA FLYOVER EASTBOUND 06:15-07:15 13:45-14:45 WESTBOUND 06.30-67.30 16:45-17:45
. ZAID BIN OMYRAH HWY. 6246 44 465 6068 411 466
NEAR BURI RDT. NORTHBOUND 06:15-07:15 16:30-17:30 SOUTHBOUND 10:45-11:45 17:30-18:30
ESTIGLAL HWY 11394 961 817 13902 1347 1061
* EAST IS4 TOWN GATE RDT. WESTBOUND 06:30-07:30 15:30-16:30 EASTBOUND 06:30-07:30 13:00-14:00
AL QUDS AVENUE 7855 489 606 8045 539 629
* WEST X.34 WESTBOUND 06:30-07:30 17:15-18:15 EASTBOUND 06:30-07:30 12:45-13:45
© H.SALMAN AVE. ( MUHARRA( 3791 629 708 7736 524 586,
NORTH SH.SALMAN RDT. SOUTHBOUND 06.30-07.30 13.00-14.00 NORTHBOUND 09:15-10:15 16:30-17:30
KING FAISAL HIGHWAY 41144 2933 2646 31028 1958 2591
St EAST CENTRAL MARKET RDT] EASTBOUND 07:00-08:00 12:30-13:30 WESTBOUND 06:30-07:30 13:30-14:30
BUDAIYA HIGHWAY 21678 1326 1652 20243 1206 1411
52 NEAR INT.HOSPITAL EASTBOUND 10:15-11:15 16:00-17:00 WESTBOUND 11:00-12:00 12:45-13:45
H.ISA BIN SALMAN HIGHWA 22924 1630 1486 23910 1448 1744
s EAST TS.24 EASTBOUND 06:45-07:45 17:30-18:30 WESTBOUND 11:00-12:00 13:15-14:15
AL FATEH HIGHWAY 31192 1699 2158 27567 1565 1816
s NORTH TS.13 NORTHBOUND 10:45-11:45 13:15-14:15 SOUTHBOUND 06:30-07:30 12:45-13:45
LIFA AL KABEER HWY. .NORT] 25506 2162 1782 20694 1037 1727
5 [HE HIGHHEST MONTH (JUNH  NORTHBOUND 06.30-07.30 17.00-18.00 SOUTHBOUND 06.15-07.15 13.30-14.30
WALI AL AHED HIGHWAY 13364 843 962 12015 698 835
% NEAR B.D.F. EASTBOUND 06:15-07:15 18.45-19.45 WESTBOUND 10:30-11:30 18:30-19:30
KING FAISAL HIGHWAY
s NEAR FIRE STATION
. UM AL NASSAN AVE. 9591 538 696 9760 573 720
» EAST TSX.37 WESTBOUND 11:00-12:00 17:30-18:30 EASTBOUND 06:30-07:30 18:15-19:15
NABIH SALEH AVENUE 1729 155 11 1653 107 153
® NEAR POLICE STATION EASTBOUND 06:30-07:30 19:00-20:00 WESTBOUND 11:00-12:00 18:00-19:00
SAAR AVENUE 8925 605 635 6466 354 51
o NEAR PETROL STATION NORTHBOUND 07:00-08:00 15:30-16:30 SOUTHBOUND 11:00-12:00 13:00-14:00
. AL GHOSE HWY 7862 388 523 9502 687 668
. SOUTH TSX.20 SOUTHBOLND 11:00-12:00 17:4518:45 NORTHBOUND 06:30-07:30 17:45-18:45
ISA AL KABEER HIGHWAY 13152 882 717 9787 585 716
© BETWEEN TS.29 & TS.30 NORTHBOUND 10:15-11:15 12:00-13:00 SOLTHBOUND 11:00-12:00 12:30-13:30
2t BARA AVENUE 5424 337 421
“ IN FROM WEST EASTBOUND 07:00-08:00 12:30-13:30
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DRY DOUCK HWY 4348 435 359 6107 734 443
€ NEAR PETROL STATION WESTBOUND 06:30-07:30 15:00-16:00 EASTBOUND 06:15-07:15 13:00-14:00
MAHZOORA AVENUE 8295 474 626 10701 612 792
& SOUTH SANAD RDT. EASTBOUND 10:00-11:00 18:00-19:00 WESTBOUND 11:00-12:00 20:00-21:00
67 PALACEAVENUE 16462 1029 1039 16484 969 1009
POLICE STATION NORTHBOUND 10:15-11:15 16:00-17:00 SOUTHBOUND 11:00-12:00 12:15-13:15
WAL AL AHED HIGHWAY 9282 600 655 6771 34 575
s NEAR BURI EASTBOUND 10:30-11:30 13:00-14:00 WESTBOUND 06:15-07:15 16:30-17:30
BAGHDAD AVENUE 8671 535 648 6850 499 7
& NEAR GIRLS SCHOOL NORTHBOUND 06:45-07:45 16:00-17:00 SOUTHBOUND 06:30-07:30 18:15-19:15
- RAHMAN ALFADEL HIGHW A 1221 38 57 416 21 20
7 NEAR GARDEN SOUTHBOUND 04:00-05:00 17:30-18:30 NORTHROUND 03:30-04:30 21:45-22:45
SUWAIFYA AVENLE 9247 736 633 22885 1516 1541
& NEAR HOTTEEN SCHOOL NORTHBOUND 07:00-08:00 16:15-17:15 SOUTHBOUND 11:00-12:00 12:45-13:45
72 AVENUE 38 { A'ALl) 371 431 576 8505 591 594
NORTH TSX.60 NORTHBOUND 06:45-07:45 13:15-14:15 SOUTHBOUND 06:45-07:45 13:45-14:45
.SALMAN A. AL FATEH AVEN 8526 743 684 8506 1106 607
™ EAST TSX.43 WESTBOUND 06:45-07:48 13:45- |.4:45 EASTBOUND 06:45-07:45 14:30-15:30
SHAIKH ISA AVENUE 13741 853 849 11660 814 767
7 NEAR ANDALUS GARDEN NORTHBOUND 067:00-08:00 12:30-13:30 SOUTHBOUND 11:00-12:00 12:00-13:00
SHAIKH DUALJ AVENUE 2891 223 233 4475 246 334
® NORTH SH.HAMAD PALACE EASTBOUND 06:30-07:30 12:45-13:45 WESTBOUND 18:30-11:30 18:00-19:00
H HAMAD AVENUE (MANAMA 6438 393 510
i NORTH BUDAIYA HWY. NORTHBOUND 11:00-12:00 12:30-13:30
HAMAD AVENUE (HAMAD TW 5234 860 33 5311 285 543
& SOUTH RDT. NO.22 SOUTHBOUND 06:15-07:15 15:45-16:45 NORTHBOUND 06:45-07:45 13:45-14:45
'KH ABDULLA AVE. { MUHARH 5622 395 377 6279 379 539
= EAST SH.SALMAN RDT. WESTBOUND 10:15-11:15 16:45-17:45 EASTBOUND 11:00-12:00 17:45-18:45
GOVERNMENT AVENUE 25457 1735 1599 9158 633 657
g.‘ NEAR NBB. WESTBOUND 10:45-11:45 12:00-13:00 EASTBOUND 09:00-10:00 16:15-17:15
JUFFAIR AVENUE 9110 685 670 8079 484 607
» NEAR POWER STATION EASTBOUND 06:45-07:45 28:00-21:00 WESTBOUND 07:15-08:15 13:00-14:00
MUHARRAQ AVENUE 10777 213 917 8958 861 803
s NEAR TLD. NORTHBOUND 06:45-07:45 13:15-14:15 SOUTHBOUND 06:45-07:45 13:30-14:30
OSAMA BIN ZAID AYENUE 10396 651 623 7373 420 497
6 NEAR BRITISH BANK EASTBOUND 10:30-11:30 16:45-17:45 WESTBOUND 11:00-12:00 12:45-13:45
KING FAISAL HIGHWAY 14949 149 1247 24522 1549 1692
% NORTH SALMANIYA RDT. NORTHBOUND 07:15-08:18 18:15-19:15 SOUTHBOUND 06:45-07:45 12:30-13:30
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MUASKAR HWY -NEAR ALBA RDT.

THE HIGHHEST MONTH (DECEMBER){ NORTHBOUND| 06.15-07.15 15.15-16.15 JSOUTHBOUND| 06.30-07.30 15.15-16.15
3 SHAIKH SALMAN HIGHWAY 7684 512 719 | 8841 718 677
NORTH AWALI RDT. NORTHBOUND| 11:00-12:00 15:00-16:00 § SOUTHBOUND| 07:00-08:00 14:00-15:00
4 AL ZALAQ HEY 8103 808 570 ’ 6676 431 594
EAST SAKAIR AVE EASTBOUND 06:00-07:00 15:00-16:00 WESTBOUND 07:00-08:00 14:00-15:00
5 MAJLIS AL TOWN 20050 1792 1609 , 24218 1729 1728
EAST MAMEER PELICAN EASTBOUND 06:45-07:45 15:15-16:15 WESTBOUND | 06:15-07:15 13:30-14:30
6 - OMAN AVENUE 12279 875 973 7165 382 701
WEST TS.22 EASTBOUND 06:45-07:45 15:45-16:45 WESTBOUND 11:00-12:00 13:15-14:15
7 ESTEGLAL HWY 17384 1094 1316 16645 1334 1159
NORTH SANAD RDT. NORTHBOUND{| 11:00-12:00 15:00-16:00 § SOUTHBOUND| 06:00-07:00 13:00-14:00
8 SHAIKH SALMAN HIGHWAY 25183 1772 1835 23474 1549 1587
SOUTH ISA TOWN GATE RDT. NORTHBOUND| 10:00-11:00 15:15-16:15 § SOUTHBOUND| 10:45-11:45 13:00-14:00
9 % SALMANIYA AVENUE ( NEAR TS.6) 24386 1486 1606 22581 | 1308 1570
| THE HIGHHEST MONTH (PECEMBER)| EASTBOUND 06.45-07.45 18.30-19.30 WESTBOUND 11.00-12.00 12.45-13.45
11 SHAIKH SALMAN HIGHWAY 49222 3968 3586 45813 3516 3347
NORTH BAHRAIN GAS RDT. NORTHBOUND| 07:00-08:00 16:00-17:00 § SOUTHBOUND| 07:00-08:00 13:00-14:00
13 BUDAIYA HWY - EAST X.25 18688 1570 1463 18260 1229 1520
THE HIGHHEST MONTH (DECEMBER)| EASTBOUND 06.30-07.30 15.45-16.45 WESTBOUND 11.00-12.00 13.15-14.15
14 XHIBITIONS AVE.(NEAR L&PASPORT] 15601 952 986 17976 1281 1171
THE HIGHHEST MONTH (NOVEMBER)| NORTHBOUND| 10.30-11.30 12.15-13.15 SOUTHBOUND| 10.45-11.45 17.45-18.45
15 KUWAIT AVENUE (SOUTH TS.6) 21173 1438 1592 13870 811 1019
THE HIGHHEST MONTH (NOVEMBER){NORTHBOUND| 06.45-07.45 15.45-16.45 SOUTHBOUND| 06.45-07.45 12.30-13.30
16 SH ISA AVE. (SOUTH ANDALUS RDT.) 11241 658 702 12514 756 893
THE HIGHHEST MONTH (DECEMBER)| NORTHBOUND| 10.15-11.15 12.30-13.30 SOUTHBOUND| 11.00-12.60 12.30-13.30
17 BANI1 OTBAH AVE (NORTH TS.43) 5946 323 415 6627 430 421
THE HIGHHEST MONTH (NOVEMBER)| NORTHBOUND| 07.00-08.00 12.30-13.30 SOUTHBOUND| 06.45-07.45 12.30-13.30
18 ALFATEH HWY 23221 1391 1449 17566 1129 1124
NEAR AL FATEH MOSQUS NORTHBOUND| 07:15-08:15 17:45-18:45 SOUTHBOUND| 06:30-07:30 12:45-13:45
19 SH HAMAD C.WAY 28308 2432 1933 33912 1843 2789
THE HIGHHEST MONTH (DECEMBER)| WESTBOUND 6.30-7.30 15.15-16.15 EASTBOUND 11.00-12.00 13.30-14.30
20 ARADOUS HWY. - NEAR AD DAIR 2971 181 229 2887 169 189
(NEAR SCHOOL) ‘ WESTBOUND 07:00-08:00 18:00-19:00 EASTBOUND 11:00-12:00 17:00-18:00
21 HAIKH ISA BIN SALMAN CAUSEWAY 11810 1456 893 12164 660 1240
SOUTHBOUND| 06:30-07:30 15:30-16:30 ENORTHBOUND| 06:30-07:30 13:30-14:30
22 RIFFA AVENUE 8564 478 647 8982 916 567
(NEAR MUASKAR HWY.) WESTBOUND | 11:00-12:00 15:00-16:00 EASTBOUND | 06:00-07:00 16:00-17:09
23 SEHLA AVENUE 15836 1007 1214 16551 1355 1107
NORTH SEHLA RDT. NORTHBOUND| 06:45-07:45 16:15-17:15 SOUTHBOUND| 06:30-07:30 12:45-13:45
24 MAJLIS AL TAWON HWY. 24188 1586 1909 23492 1957 1621
THE HIGHHEST MONTH (DECEMBER)| NORTHBOUND| 06.45-07.45 15.30-16.30 § SOUTHBOUND 6.30-7.30 13.30-14.30
25 SHAIKH ISA AVENUE ( MUHARRAQ ) 6130 382 517
SOUTH TSX.2 NORTHBOUND| 10:15-11:15 20:15-21:15
26 SH. KHALIFA BIN SALMAN HWY. 15141 1640 1183 12707 910 1186
NEAR CAMAL CROSSING NORTHBOUND| 06:30-07:30 15:45-16:45 SOUTHBOUND| 06:30-07:30 | 15:45-16:45
27 SH. KHALIFA BIN SALMAN HWY. 12509 1255 901 i 13750 1055 %46
SOUTH BUDAIYA FLYOVER NORTHBOUND| 07:00-08:00 17:00-18:00 SOUTHBOUND| 06:00-07:00 14:00-15:00
28 SH. KHALIFA BIN SALMAN HWY. 20560 1922 1417 16450 870 1443
NORTH BUDAIYA FLYOVER NORTHBOUND| 07:00-08:00 17:00-18:00 § SOUTHBOUND{ 10:00-11:00 18:00-19:00
29 AIRPORT AVENUE 16334 1143 1062 14875 1253 1146
EAST X.7 WESTBOUND | 06:36-07:30 18:15-19:15 EASTBOUND | 06:30-07:30 13:00-14:00
30 A'ALI - BURI AVE. 1843 137 131 1329 98 106
WEST TANNAL EASTBOUND 11:00-12:00 16:00-17:00 WESTBOUND | 11:00-12:00 13:00-14:00
31 H. KHALIFA B. S. HWY.(NEAR SANABI 26869 2361 1832 28444 1583 2338
THE HIGHHEST MONTH (DECEMBER)| EASTBOUND 06.45-07.45 15.45-16.45 WESTBOUND | 11.00-12.00 13.30-14.30
32 SH, SALMAN HWY. - NEAR TS.26 19726 1379 1478 . 22810 1433 1513
THE HIGHHEST MONTH (JUNE) EASTBOUND 06.45-07.45 17.00-18.00 WESTBOUND | 10.45-11.45 12.30-13.30
33 AVENUE 35 19129 1231 1426 14689 912 1014
( NEAR ZINJ) NORTHBOUND| 10:00-11:00 17:00-18:00 § SOUTHBOUND| 11:00-12:00 12:00-13:00
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SH.ISA B.SALMAN HWY. - NEAR TS.28

. DIRECTION (2)

22076

1277

34 30472 2109
THE HIGHHEST MONTH (NOVEMBER)| EASTBOUND 6.45-7.45 16.00-17.00 WESTBOUND | 11.00-12.90 13.15-14.15
35 TUBLI SERVICE ROAD - NEAR TS.28 12088 769 873 13259 748 1062
THE HIGHHEST MONTH (DECEMBER)] EASTBOUND 09.30-10.30 15.30-16.30 WESTBOUND | 11.00-12.00 13.30-14.30
36 ARAD HIGWAY 15688 1630 1270 15163 799 1301
EAST X.22 WESTBOUND | 06:30-07:30 16:00-17:00 EASTBOUND 11:00-12:00 13:30-14:30
37 HAWAR HIGHWAY 6257 451 698 6731 1007 513
NEAR ALBA RDT. NORTHBOUND| 11:00-12:00 15:00-16:00 § SOUTHBOUND| 06:00-07:00 14:00-15:00
38 KING FAHAD C.WAY 4242 238 237 4571 246 218
NEAR CAUSEWAY GATE EASTBOUND 08:00-09:00 12:00-13:00 WESTBOUND | 04:00-05:00 12:00-13:00
39 WALT AL AHEDHWY. 5928 726 350 6195 391 554
NEAR HAMALA NORTHBOUND| 06:00-07:00 17:00-18:00 SOUTHBOUND| 10:00-11:00 13:00-14:00
40 16 DECEBER HWY. 7396 738 637 ] 6827 733 625
NEAR BIN KHALDOON SHCOOL WESTBOUND 07:00-08:00 13:00-14:00 EASTBOUND 07:00-08:00 13:00-14:6C
41 MUASKAR HWY 5847 365 429 5540 330 373
o SOUTH X.35 NORTHBOUND| 06:00-07:00 17:00-18:00 SOUTHBOUND| 11:00-12:00 15:00-16:00
42 JANABIYA HIGHWAY 7799 419 613 7443 752 459
NORTH FLYOVER NORTHBOUND| 10:00-11:00 13:00-14:00 § SOUTHBOUND| 06:00-07:00 16:00-17:00
43 BUDAIYA HIGHWAY . 20271 1354 1515 24004 1409 1798
NEAR AL QADAM EASTBOUND 07:00-08:00 17:00-18:00 WESTBOUND | 11:00-12:00 18:00-19:00
44 AL NAKEEL HWY. 2188 170 152 1635 86 123
NEAR PETROL STATION EASTBOUND 06:00-07:00 18:00-19:00 WESTBOUND | 11:00-12:00 13:00-14:00
45 SH.HAMAD AVENUE 11578 705 786 12566 795 869
(NORTH RDT. NO. i HAMAD TOWN) NORTHBOUND| 11:00-12:00 13:00-14:00 SOUTHBOUND/| 11:00-12:00 17:00-18:00
46 SAUDIA APPROCHED ROAD 8511 604 562 : 8799 578 533
EAST JANABIYA FLYOVER EASTBOUND 11:00-12:00 23:00-24:00 WESTBOUND 05:00-06:00 23:00-24:00
47 ZAID BIN OMYRAH HWY, 5505 375 453 4545 335 353
NEAR BURI RDT. NORTHBOUND| 06:00-07:00 17:00-18:00 § SOUTHBOUND| 11:00-12:00 17:00-18:00
48 ESTIGLAL HWY 11417 870 821 11705 1030 917
EAST ISA TOWN GATE RDT. WESTBOUND 07:00-08:00 15:00-16:00 EASTBOUND 07:00-08:00 13:00-14:00
49 AL QUDS AVENUE 6587 382 501 7405 374 587
WEST X.34 WESTBOUND 07:00-08:00 17:00-18:00 EASTBOUND 07:00-08:00 13:00-14:00
50 SH.SALMAN AVE. ( MUHARRAQ) 7217 497 530 10087 694 714
NORTH SH.SALMAN RDT. SOUTHBOUND! 10:00-11:00 16:00-17:00 FNORTHBOUND| 06:30-07:30 12:30-13:30
51 KING FAISAL HIGHWAY 40430 3232 2708 32890 1896 2550
) EAST CENTRAL MARKET RDT. EASTBOUND 07:00-08:00 16:45-17:45 WESTBOUND | 06:30-07:30 13:30-14:30
) BUDAIYA HIGHWAY 15032 988 1217 17934 1100 1292
NEAR INT.HOSPITAL EASTBOUND | 10:15-11:15 15:30-16:30 | WESTBOUND | 10:45-11:45 16:15-17:15
53 SH.ISA BIN SALMAN HIGHWAY 21725 1471 1449 23249 1396 1719
EAST TS.24 EASTBOUND 06:45-07:45 15:45-16:45 WESTBOUND 11:00-12:00 13:15-14:15
54 AL FATEH HIGHWAY 29769 1716 2093 22946 1469 1577
NORTH TS.13 NORTHBOUND| 07:00-08:00 13:30-14:30 § SOUTHBOUND| 06:30-07:30 12:30-13:30
S5 HALIFA AL KABEER HWY. -NORTH X 23714 2091 1639 19517 989 1730
THE HIGHHEST MONTH (DECEMBER)| NORTHBOUND 06.30-07.30 15.15-16.15 SOUTHBOUND| 11.00-12.00 13.30-14.30
56 WALI AL AHED HIGHWAY 13100 820 867 11745 689 786
NEAR B.D.F. EASTBOUND 06:00-07:00 17:00-18:00 WESTBOUND 11:00-12:00 17:00-18:00
57 KING FAISAL HIGHWAY 13992 980 1009 14780 989 1119
NEAR FIRE STATION NORTHBOUND| 07:00-08:00 16:15-17:15 ESOUTHBOUND| 11:00-12:00 13:00-14:00
59 UM AL NASSAN AVE. 10274 802 613 10577 818 ) 803
EAST TSX.37 WESTBOUND 07:00-08:00 22:00-23:00 EASTBOUND 07:00-08:00 22:00-23:00
60 NABIH SALEH AVENUE 1481 136 108 1607 111 141
NEAR POLICE STATION EASTBOUND 06:30-07:30 16:00-17:00 WESTBOUND | 11:00-12:00 17:00-18:00
61 SAAR AVENUE 7385 618 566 7112 403 619
NEAR PETROL STATION NORTHBOUND| 07:00-08:00 15:45-16:45 SOUTHBOUND| 11:00-12:00 13:00-14:00
62 AL GHOSE HWY 6181 330 467 8731 663 636
SOUTH TSX.20 SOUTHBOUND| 10:00-11:00 17:00-18:00 FNORTHBOUND| 07:00-08:00 18:00-19:00
63 ISA AL KABEER HIGHWAY 14785 1002 916 10182 626 779
BETWEEN TS.29 & TS.30 NORTHBOUND| 10:30-11:30 12:30-13:30 § SOUTHBOUND| 11:00-12:00 18:00-19:00
64 ZUBARA AVENUE 5873 353 442
IN FROM WEST EASTBOUND 10:45-11:45 18:30-19:30
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e B

DIRECTION( T

1 MUASKAR HWY -NEAR ALBA RDT. 13264 189 |
‘ THE HIGHEST MONTH (MARCH) NORTHBOUND 06.15-07.15 16.45-17.48 SOUTHBOUND | 06300730 15.15-16.15
SHAIKH SALMAN HIGHWAY 8120 435 653 8727 j 689 730
1 ? NORTH AWALI RDT. NORTHBOUND 06:30-07:30 17:15-18:15 SOUTHBOUND |  06:45.07:45 13:30-14:30
i ) AL ZALAQ HEY 9124 840 795 3533 ‘ 298 375
EAST SAKAIR AVE EASTBOUND 06.15-07.15 17:15-18:15 WESTBOUND | 07:00-08:00 13:30-14:30
| MAJLIS AL TOWN 25998 2287 1768 26993 ’ 1808 1817
! EAST MAMEER PELICAN EASTBOUND 07:00-08:00 15:00-16:00 WESTBOUND 06:00-07:00 14:00-15:00
: ] OMAN AVENUE 14180 1092 1009 7927 II 39 764
WEST T5.22 EASTBOUND 06:30-07:30 15:30-16:30 WESTBOUND 06:45-07:45 13:15-14:15
.’ ESTEGLAL HWY 17799 1127 1342 17841 1364 ‘ 125¢
! NORTH SANAD RDT. NORTHBOUND 06:45-07:45 15:30-16:30 SOUTHBOUND 06300730 | 13:30-1430
SHAIKH SALMAN HIGHWAY 23556 1650 1548 22367 1450 1564
! y SOUTH ISA TOWN GATE RDT. NORTHBOUND 09:30-10:30 16:30-17:30 SOUTHBOUND 11:00-12:00 12:1513:15
SALMANIYA AVENUE ( NEAR TS.6) 24646 1548 1646 2921 1310 1581
’ THE HIGHEST MONTH (MARCH) EASTBOUND 06.45-07.45 19.30-20.30 WESTBOUND 06.45-07.45 13.00-14.00
SHAIKH SALMAN HIGHWAY 50078 3696 3346 47292 3351 3236
o NORTH BAHRAIN GAS RDT. NORTHBOUND 07:00-08:00 16:00-17:00 SOUTHBOUND 07:00-08:00 13:90-14:00
3 BUDAIYA BWY . EAST X.25 22913 1770 171 18760 1206 1489
THE HIGHHEST MONTH (APRIL) EASTBOUND 0630-07.30 16.45-17.45 WESTBOUND 11.00-12.00 12.30-13.30
14 EXHIBITIONS AVE(NEAR L.&PASPORT) 15816 920 976 18576 | 1263 1164
THE HIGHHEST MONTH (JULY) NORTHBOUND 10.45-18.45 18.00-19.00 SOUTHBOUND 10451145 17.45-18.45
15 KUWAIT AVENUE (SOUTH TS.6) 22035 1385 1645 14467 833 988
THE HIGHHEST MONTH (APRIL) NORTHBOUND 10.00-11.00 17.00-18.00 SOUTHBOUND 11.00-12.00 12.30-13.30
16 SH ISA AVE. (SOUTH ANDALUS RDT.) 11685 658 735 13561 792 906
THE HIGHHEST MONTH (APRIL) . | NORTHBOUND 10151115 17.15-18.15 SOUTHBOUND 11.00-12.00 20.00-21.00
17 BANI OTBAH AVE ( NORTH TS.43 ) 6248 330 a19 6259 3718 390
THE HIGHHEST MONTH (APRIL) NORTHBOUND 11.00-12.00 17301830 SOUTHBOUND 06.45-07.45 | 12301330
ALFATEH HWY 32603 1755 2122 37826 2100 2461
' NEAR AL FATEH MOSQUS NORTHBOUND 10:45-11:45 17:30-18:30 SOUTHBOUND |  11.00-12.00 12:45-13:45
SH HAMAD C.WAY 29398 2381 1947 35037 | 1861 2678
THE HIGHHEST MONTH (APRIL) WESTBOUND 06.30-07.30 17.00-18.00 EASTBOUND | 11001200 | 13301430
ARADOUS HWY. - NEAR AD DAIR 4295 451 291 4529 326 346
20 (NEAR SCHOOL) WESTBOUND 06.30-07.30 17:15-18:15 EASTBOUND |  11:00-12:00 13:30-14:30
SHAIKH ISA BIN SALMAN CAUSEWAY 23672 2100 1517 18014 | 885 1414
SOUTHBOUND 07:00-08:00 20:00-21:00 NORTHBOUND |  06:00-07:00 13:00-14:00
RIFFA AVENUE 9292 1047 591 8848 504 725
e (NEAR MUASKAR HWY,) WESTBOUND 06:15-07:15 16:00-17:00 EASTBOUND 11.00-12.00 13.30-14.30
SEHLA AVENUE 17309 1017 1338 17073 1329 1143
u NORTH SEHLA RDT. NORTHBOUND 07:00-08:00 15:45-16:45 SOUTHBOUND ,  06:30-07:30 12:45.13:45
MAJLIS AL TAWON HWY. 2616} 1840 2057 26060 : 2237 1787
u THE HEGHHEST MONTH (MARCH) NORTHBOUND 06.45-07.45 1536-16.30 SOUTHBOUND 06.30-07.30 13.30-1430
SHAIKH ISA AVENUE ( MUHARRAQ )
= SOUTH TSX.2
SH. KHALIFA BIN SALMAN HAVY. 14260 1317 ! 1045 14583 910 1190
¢ NEAR CAMAL CROSSING NORTHBOUND 06:30-07:30 | 16:30-17:30 SOUTHBOUND 06:30-07:30 13:45-14:45
27 SH. KHALIFA BIN SALMAN HWY. 13378 1230 ;‘ 988 15404 1194 . I 11585
SOUTH BUDAIYA FLYOVER NORTHBOUND 06:45-07:45 | 16:4517:45 SOUTHBOUND 06:30-07:30 13:45.14:45
R ] SH. KHALIFA BIN SALMAN HWY. 21368 1826 1528 23109 1218 1687
2 | NORTH BUDAIYA FLYOVER NORTHBOUND 06:4507:45 - 17:1518:45 SOUTHBOUND 11:00-12:00 13.30-14.30
, : AIRPORT AVENUE 16772 1089 , 1064 14759 1141 1013
* | EASTX.7 WESTBOUND 06:30-07:30 19:15-20:15 EASTBOUND 06:30-07:30 12:30-21:30
A'ALI- BURI AVE. 1510 175 103 2435 28 174
% WEST TANNAL EASTBOUND | 06:30:07:30 ¢ 12:45-13:45 WESTBOUND 06:30-07:30 17:00-18:00
31 SH. KILALIFA B. S. HWY.(NEAR SANABIS) 28206 2445 1889 2750 1581 2157
THE HIGHHEST MONTH (APRIL) EASTBOUND | 06.4507.45 16.45-17.45 WESTBOUND 1.00-12.00 | 12.45.13.45
32 SH. SALMAN HWY, - NEAR TS.26 18251 ! 1299 1170 20977 1305 “ 1609
THE MIGHHEST MONTI (JANUARY) EASTBOUND | 07300830 12.45-13.45 WESTBOUND 110041200 . I3IS-1415
o AVENUE 35 T 25193 ' 1601 1811 14979 902 } 1119
» {NEARZIN ) NORTHBOUND 07:15.08:15 16:45-17:45 SOUTHBOUND 1:0612:00 ' 12:30-13:30
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34 SH.ISA B.SALMAN HWY. - NEAR TS.28 38747 2866 2658 25025 1436 1858
THE HIGHHEST MONTH (JUNE) EASTBOUND 06.45-07.45 17.00-18.00 WESTBOUND 11.00-12.00 13151415
35 TUBLI SERVICE ROAD - NEAR TS.28 12566 801 870 13638 765 1049
THE HIGHHEST MONTH (MARCH) EASTBOUND 930-10.30 1530-16.30 WESTBOUND 11.00-12.00 1330-1430
ARAD HIGWAY 16346 1583 1282 15116 823 1252
% EAST X.22 WESTBOUND 06:30-07:30 17:30-18:30 EASTBOUND 11:00-12:00 13:45-14:45
HAWAR HIGHWAY 7191 558 821 7814 1157 594
7 NEAR ALBA RDT. NORTHBOUND 06.45-07.45 14:45-18:45 SOUTHBOUND 06:00-07:00 13:45-34:45
KING FAHAD C.WAY 1396 24 378 4416 s 298
» NEAR CAUSEWAY GATE EASTBOUND 11:00-12:00 17:00-18:00 WESTBOUND 09:15-10:15 14:15-15:15
WALI AL AHEDHWY. 6349 655 101 376 374 554
¥ NEAR HAMALA NORTHBOUND 06:1507:15 17:15-18:15 SOUTHBOUND 09:00-10:00 13:15-14:15
16 DECEBER HWY. 7693 991 828 7697 997 347
0 NEAR BIN KHALDOON SHCOOL WESTBOUND 06:30-07:30 13:15-14:15 EASTBOUND 06.45-07.45 1330-14.30
MUASKAR HWY 6820 538 560 6570 615 a7
“ SOUTH X35 NORTHBOUND 06:15-07:15 15:00-16:00 SOUTHBOUND 06.45-07.45 1330-14.30
JANABIVA HIGHWAY 8570 460 660 674 851 183
.} NORTH FLYOVER NORTHBOUND 07:00-08:00 13:15.14:15 SOUTHBOUND 06:30-07:30 17:45-18:45
BUDAIYA HIGHWAY 20136 1334 1504 22081 1290 1773
e NEAR AL QADAM EASTBOUND 07:00-08:00 16:00-17:00 WESTBOUND 11:00-12:00 18:00-19:00
AL NAKEEL HWY. 2685 261 186 1636 9 129
H NEAR PETROL STATION EASTBOUND 06:30-07:30 15:45-16:45 WESTBOUND 11:00-12:00 18:00-19:00
SH.HAMAD AVENUE 16887 Y 1330 15913 1 1359
“ (NORTH RDT. NO. 1 HAMAD TOWN) NORTHBOUND 06:15-07:15 16:30:17:30 SOUTHBOUND 06.45-07.45 20:00-21:00
SAUDIA APPROCHED ROAD 9047 348 612 9697 737 646
1 EAST JANABIYA FLYOVER EASTBOUND 06:30-07:30 13:30-1:4:30 WESTBOUND 06.15-07.15 13:45-14:45
ZAID BIN OMYRAH HWY. 3579 204 277 2686 204 214
Y NEAR BURI RDT. NORTHBOUND 09:45-10:45 17:15-18:15 SOUTHBOUND 11:00-12:00 17:45-18:45
ESTIGLAL HWY 12469 1176 910 9464 923 711
® EAST ISA TOWN GATE RDT. WESTBOUND 06:30-07:30 15:30-16:30 EASTBOUND 06:30-07:30 13:15-14:15
AL QUDS AVENUE 6842 458 551 6176 481 531
@ WEST X34 WESTBOUND 06:45-07:45 16:30-17:30 EASTBOUND 06:30-07:30 12:45-13:45
SH.SALMAN AVE. { MUHARRAQ) 8359 723 452 10071 90 589
%0 NORTH SH.SALMAN RDT. SOUTHBOUND 06.30-0730 15.00-16.00 NORTHBOUND 06:30-07:30 12:30-13:30
KING FAISAL HIGHWAY 40086 2820 2686 34952 1899 2487
s EAST CENTRAL MARKET RDT. EASTBOUND 07:00-08:00 17:00-18:00 WESTBOUND 10:45-11:45 13:30-14:30
; BUDAIYA HIGHWAY 21515 1309 1608 19993 1229 1430
e NEAR INT.HOSPITAL EASTBOUND 07:15-08:15 15:45.16:45 WESTBOUND 11:00-12:00 13:00-14:00
SH.ISA BIN SALMAN HIGHWAY 24915 1910 1633 25975 1544 1808
= EAST TS.24 EASTBOUND 06:45-07:45 17:1518:15 WESTBOUND 11:00-12:00 13:15-14:15
AL FATEH HIGHWAY
i NORTH T5.13
KHALIFA AL KABEER HWY. -NORTH X10 25183 2047 1760 20476 1013 1654
5 THE HIGHHEST MONTH (APRIL) NORTHBOUND 06.30-07.30 17.00-18.00 SOUTHBOUND 11.00-12.00 13.30-1430
WALIAL AHED HIGHWAY 14860 1467 995 13887 924 tHi6
% NEAR B.D.F. EASTBOUND 06:36-07:30 13.15-14.15 WESTBOUND 06:30-07:30 13:30-14:30
i KING FAISAL HIGHWAY 14044 903 1007 15551 979 1138
¥ NEAR FIRE STATION NORTHBOUND 10:15-11:15 16:30-17:30 SOUTHBOUND 11:00-12:00 12:45-13:45
UM AL NASSAN AVE. 2891 65 808 9878 865 698
* EAST TSX.37 WESTBOUND 06:30-07:30 13:00-19:00 EASTBOUND 06:30-07:30 12:45-13:45
NABIH SALEH AVENUE 1873 153 ; 162 1673 110 153 .
& NEAR POLICE STATION EASTBOUND 06:30:07:30 | 174518145 WESTBOUND 11:00-12:00 17:00-18:00
SAAR AVENUE 8753 715 : 654 10738 720 707
o NEAR PETROL STATION NORTHBOUND 07:00-08:00 | 16:4517:15 _SOUTHBOUND 10:30-11:30 1B:15-19:15
o AL GHOSE HWY 7856 409 i 561 18655 1099 1332
- : SOUTH TSX.20 SOUTHBOUND 06:30-07:30  19:30-20:30 NORTHBOUND |  06:30-07:30 18:00-19:00
o ! 1SA AL KABEER HIGHWAY 14362 993 801 10386 ; 61 ; 793
; BETWEEN TS.29 & TS.30 NORTHBOUND 0:00-11:00 16151715 SOUTHBOUND | 06450745 | 18:00-1%:00
ZUBARA AVENUE ; =
64 .

IN FROM WEST
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24 HOURS AM & PM TRAFFIC FLOWS FOR 1998 «

DRY DOUCK HWY 5844 502 506 6341 782 46
— o NEAR PETROL STATION WESTBOUND 06:30-07:30 16:45-17:45 EASTBOUND 06:15-07:15 13:15-14:15
MAHZOORA AVENUE 10447 898 748 9757 531 791
" 5 SQUTH SANAD RDT. 7 EASTBOUND 06:30-07:30 16:15-17:15 WESTBOUND 11:00-12:00 13:30-14:30
PALACE AVENUE 17995 1132 1143 16403 932 1064
- & POLICE STATION NORTHBOUND 10:15-11:15 17:45-18:45 SOUTHBOUND 11:00-12:00 12:15-13:15
- WALI AL AHED HIGHWAY 12210 722 823 13057 819 905
o8 NEAR BURI EASTBOUND 10:45-11:45 13:00-14:00 WESTBOUND 06:15-07:15 17:00-18:00
- BAGHDAD AVENUE
¢ NEAR GIRLS SCHOOL
A.RAHMAN ALFADEL HIGHWAY 7329 609 553 7518 385 636
- ™ NEAR GARDEN SOUTHBOUND 06:30-07:30 18:00-19:00 NORTHBOUND 06:30-07:30 18:15-19:15
SUWAIFYA AVENUE 8797 775 667 11630 815 1164
2 " NEAR HOTTEEN SCHOOL NORTHBOUND 07:00-08:00 16:00-17:60 SOUTHBOUND 11:00-12:00 12:15-13:15
AVENUE 38 ( A'ALI) 5619 333 406 7828 545 521
- ” NORTH TSX.60 NORTHBOUND 11:00-12:00 13:15-14:15 SOUTHBOUND 06:30-07:30 17:00-18:00
1 s SH.SALMAN A. AL FATEH AVENUE 8603 785 693 8420 1092 597
"\ EAST TSX.43 WESTBOUND 06:45-07:45 15:45-16:45 EASTBOUND 06:45-07:45 14:30-15:30
* T SHAIKH ISA AVENUE
7 NEAR ANDALUS GARDEN
-8 SHAIKH DUAN AVENUE
- NORTH SH.HAMAD PALACE
- SH HAMAD AVENUE (MANAMA) 11160 719 718
3 NORTH BUDAIYA HWY. NORTHBOUND 09:30-10:30 16:30-17:30
SH HAMAD AVENUE (HAMAD TWON) 5033 255 ) 517 4926 837 333
- 5 SOUTH RDT. NO.22 SOUTHBOUND 06:45-07:45 13:45-14:45 NORTHBOUND 06:15-07:15 16:00-17:00
. SHAIKH ABDULLA AVE. (MUHARRAQ) 8428 536 608 3980 263 307
B EAST SH.SALMAN RDT. WESTBOUND 11:00-12:00 15:30-16:30 EASTBOUND 09:45-10:45 12:15-13:15
~ GOVERNMENT AVENUE 25731 1789 1648 11039 756 836
# NEAR NBB. WESTBOUND 10:15-11:18 12:00-13:00 EASTBOUND 10:15-11:15 19:00-20:00
JUFFAIR AVENUE 3863 3i8 340 11170 695 870
5 NEAR POWER STATION . EASTBOUND 07:00-08:00 18:00-19:00 WESTBOUND 11:00-12:00 12:30-13:30
i 86 MUHARRAQAVENUE 11000 1098 956 8567 897 770
2 NEAR TLD. NORTHBOUND 06:45-07:45 13:15-14:15 SOUTHBOUND 06:45-07:45 13:30-14:30
52 OSAMA BIN ZAID AVENUE 9509 552 599 7699 420 474
- . NEAR BRITISH BANK EASTBOUND 09:15-10:15 16:45-17:45 WESTBOUND 11:00-12:00 21:15-22:15
A T ) ;..’ KING FAISAL HIGHWAY 20551 1380 1405 24501 1599 1741
- 7 NORTH SALMANIYA RDT. NORTHBOUND 10:15-11:15 16:15-17:15 SOUTHBOUND 10:45-13:45 17:00-18:00
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Appendix 2: Total Daily Traffic between Cities (southbound —

I- Manama and Muharraq

westbound)

TDT, AM Pk Hr and PM Pk Hr between Manama and Muharraq (southbound - westbound)

Total Daily Traffic AM Peak Hour PM Peak Hour

Site No. 19 | 21 | 74 | Total | 19 | 21 | 74 | Total| 19 | 21 | 74 | Total
Years

1980 38288 38288

1984 38000 38000

1986 39000 39000

1987 40300 40300

1988 40000 40000

1990 39200 39200

1992 54929 54929

1993 49107 49107

1994 42798 42798

1995 44852 44852

199 46270 46270

1997 33912 | 12164 46076 | 1843 | 660 2503 | 2789 | 1240 4029
1998 35037 | 18014 53051 | 1861 | 885 2746 | 2678 | 1414 4092
1999 35175 | 16183 51358 | 1820 | 846 2675 | 2814 | 1434 4248
2003 38215 | 38960 77184 | 1601 | 1993 3594 | 2417 | 1973 4390
2004 20926 | 28440 | 10108 | 79474 | 2010 | 1554 | 524 | 4088 | 2829 | 2394 | 702 | 5925
2005 41502 | 26300 | 10108 | 78000 | 2364 | 1478 | 1620 | 5462 | 3631 | 2357 | 1058 | 7046
2006 36641 | 28322 | 15579 | 80542 | 2036 | 2788 | 1083 | 5907 | 3169 | 1829 | 1440 | 6438
2007 38503 | 27940 | 15999 | 82442 | 2183 | 2788 | 997 | 5968 | 2864 | 1764 | 1344 | 5972
2008 29466 | 20708 | 24904 | 75078 | 2026 | 1346 | 1346 | 4718 | 1764 | 1764 | 1764 | 5292
2010 44146 | 41200 | 22140 | 107495 | 4046 | 3561 | 2015 | 9622 | 3688 | 2334 | 1905 | 7927
2011 35845 | 39653 | 29012 | 104510 | 3166 | 4024 | 2964 | 10154 | 2395 | 2552 | 1974 | 6921
2012 41307 | 40078 | 32698 | 114083 | 3968 | 3816 | 3696 | 11480 | 2317 | 2426 | 2229 | 6972

*empty cell indicate no data were yet available.
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2- Manama and Sittra

TDT, AM Pk Hr and PM Pk Hr between Manama and Sittra (southbound - westbound)

Total Daily Traffic AM Peak Hour PM Peak Hour
Site No. 24 Total 24 24 Total 24

Years

1980 18155 18155

1984 10500 10500

1987 17000 17000

1988 18000 18000

1990 20900 20900

1991 20054 20054

1992 19839 19839

1993 21807 21807

1994 24017 24017

1995 22370 22370

1996 23442 23442

1997 23492 23492 1957 1957 1621 1621
1998 26060 26060 2237 2237 1787 1787
1999 27206 27206 2214 2214 1717 1717
2003 31632 31632 2209 2209 1992 1992
2004 29491 . - 29491 1871 1871 1767 1767
2005 37904 37904 3231 3231 2510 2510
2006 35960 35960 2414 2414 2293 2293
2007 39509 39509 2799 2799 2431 2431
2008 30050 30050 2276 2276 1855 1855
2010 35650 35650 2772 2772 1798 1798
2011 32372 32372 2682 2682 1985 1985
2012 50751 50751 4387 4387 3404 3404

*empty cell indicate no data were yet available.
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3- Manama and Isa Town

TDT, AM Pk Hr and PM Pk Hr between Manama and Isa Town (southbound - westbound)

Total Daily Traffic AM Peak Hour PM Peak Hour

SiteNo. | 1 34 35 98 Total | 11 | 34 | 35 | 98 | Total | 11 | 34 | 35 | 98 | Total
Years
1980 | 35814 35814
1984 | 28050 | 8200 36250
1986 18000 | 7300 25300
1987 22900 | 9400 32300
1988 | 34750 | 17100 | 6650 58500
1990 17800 | 7200 25000
1991 17784 | 9982 27766
1992 | 33928 | 18730 | 11579 64237
1993 | 37185 | 17924 | 8736 63845 | 2391 | 1130 | 540 4061 | 2665 | 1472 | 732 4869
1994 | 34909 | 20873 | 9094 64876
1995 | 29905 | 21875 | 11002 62782
1996 | 31777 | 21364 | 12483 65624
1997 | 45813 | 22076 | 13259 81148 | 3516 | 1277 | 748 5541 | 3347 | 1842 | 1062 6251
1998 | 47292 | 25025 | 13638 85055 1436 | 765 2201 1858 | 1049 2907
1999 | 46112 | 23967 | 14692 84771 | 3566 | 1317 | 192 5675 | 3333 | 1885 | 1038 6256
2003 | 38969 | 27531 | 16118 | 5314 | 87932 1469 | 851 2320 1926 | 1109 3035
2004 | 50344 | 26855 | 15660 | 6813 | 99672 1407 | 807 2214 1770 | 1003 2773
2005 | 64835 | 35502 | 17536 | 6813 | 124686 2182 | 1039 3221 2590 | 1265 3855
2006 | 57793 | 34048 | 15086 | 11430 | 118366 | 3701 | 1971 | 870 | 1437 | 7979 | 3625 | 2390 | 1066 | 906 | 7987
2007 406854 | 16825 423679 2235 | 1001 3236 2662 | 1143 3805
2008 - 40205 | 19681 59886 2360 | 1143 3503 2612 | 1385 3997
2010 | 56567 | 45703 | 20701 | 21671 | 144642 | 3683 | 2621 | 1199 | 1877 | 9380 | 3122 | 3812 | 1774 | 952 | 9660
2011 | 78849 | 57320 | 21706 | 18149 | 176024 | 5443 | 3300 | 1369 | 1596 | 11708 | 5389 | 4116 | 1576 | 1376 | 12457
2012 1 67159 | 73941 | 22759 | 17921 | 181780 | 5058 | 4965 | 1393 | 1425 | 12841 | 4254 | 5439 | 1741 | 1499 | 12933

*empty cell indicate no data were yet available.
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4- Manama and Buddaya

TDT, AM Pk Hr and PM Pk Hr between Manama and Buddaya (southbound -

westbound)
Total Daily Traffic AM Peak Hour PM Peak Hour
Site No. 43 44 Total 43 4 | Total | 43 44 | Total
Years
1980 10946 687 11633
1984 10350 10350
1987 18500 18500
1988 11000 700 11700
1990 19200 19200
1991 21340 21340
1992 18353 1005 19358
1993 23874 956 24830 1391 228 1619 1888 150 2038
1994 24375 980 25355
1995 23493 2387 25880
1996 22792 1423 24215
1997 24004 1635 25639 1409 86 1495 1798 123 1921
1998 22081 1636 23717
1999 24575 1781 26356 1 1455 131 1586 1849 153 2002
2003 34288 6632 40920
2004 33762 1 6389 40151
2005 36698 11016 47714
2006 31184 9792 40976 1184 670 1854 1911 749 2660
2010 48898 7404 56302 2314 705 3019 2022 757 2779
2011 18995 5986 24981 2011 622 2633 1236 412 1648
2012 31537 5982 37519 2077 546 2623 2393 411 2804

*empty cell indicate no data were yet available.
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5- Manama and Riffa

TDT, AM Pk Hr and PM Pk Hr between Manama and Riffa (southbound - westbound)

Total Daily Traffic AM Peak Hour PM Peak Hour

SteNo. 1 g a0 | 87 8 40 | 87 | 8 | 40 | 87 | 8 | 40 | 87 | 8 | 40 | total
Y ears

1980 22690 ! 4138 26828

1987 21900 21900

1988 22200 | 5000 27200

1991 17724 17724

1992 15416 § 5153 20569

1993 21305 | 4303 25608 | 1360 § 400 1760 | 1439 | 426 1865
1994 17662 | 7190 24852

1995 19424 i 6594 26018

1996 21682 ;| 7321 29003

1997 23474 | 6827 30301 | 1549 ; 733 2282 | 1587 | 625 2212
1998 22367 1 7697 30064

1999 23745 | 8529 32274 | 1524 | 935 2459 | 1684 | 807 2491
2003 26991 | 12718 | 18141 2739 | 60589

2004 30471 1 14020 | 20597 | 4574 1 69662

2005 30420 | 18616 | 20597 | 4574 | 74207

2006 20345 | 16096 | 21262 { 5984 | 63687 { 1556 { 1277 | 1377 | 667 | 4877 | 1538 | 1099 | 1537 | 435 | 4609
2010 24379 | 20002 | 26360 | 23614 | 94355 | 1769 | 1424 | 1733 | 1780 | 6706 | 2550 | 1910 | 1510 | 686 | 6656
2011 28824 | 25523 | 22734 | 20730 | 97811 | 1847 | 2135 | 2056 1703 | 7741 | 1952 { 1681 ; 1519 | 1632 | 6784
2012 34783 | 18412 | 22157 | 19299 | 94651 | 2389 | 1237 | 1626 | 1805 | 7057 | 2358 | 1488 | 1808 | 1492 | 7146

*empty cell indicate no data were yet available.
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6- Isa Town and King Fahad Causeway

TDT, AM Pk Hr and PM Pk Hr between Isa Town and King Fahad Causeway
(southbound - westbound)

Total Daily Traffic AM Peak Hour PM Peak Hour

Site No. 46 Total 46 Total 46 Total
Years

1980 5389 5389

1988 5250 5250

1992 6523 6523

1993 6523 6523

1994 3906 3906

1995 8315 8315

1996 6804 6804

1997 8799 8799 578 578 533 533

1998 9697 9697

1999 9077 9077 691 691 601 601

2003 17278 17278

2004 18189 18189

2005 22161 22161

2006 24056 24056 1495 1495 1761 1761

2010 35288 35288 2309 2309 2084 2084

2011 35703 © 35703 2399 2399 - 2575 2575

2012 36813 36813 2401 2401 2822 2822

*empty cell indicate no data were yet available.
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7- Isa Town and Hammad Town

TDT, AM Pk Hr and PM Pk Hr between Isa Town and Hammad Town (southbound -

westbound)
Total Daily Traffic AM Peak Hour PM Peak Hour
Site No. 26 Total 26 Total 26 Total

Years

1990 7900 7900

1994 12544 12544

1995 13498 13498

1996 12994 12994

1997 12707 12707 910 910 1186 1186
1998 14583 14583

1999 16448 16448 999 999 1457 1457
2003 24354 24354

2004 24054 24054

2005 43112 43112 ,
2006 35179 35179 2185 2185 2828 2828
2010 53951 53951 3562 3562 3924 3924
2011 48631 48631 2675 2675 3708 3708
2012 47668 47668 3118 3118 4543 4543

*empty cell indicate no data were yet available.
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8- Riffa and Hammad Town

TDT, AM Pk Hr and PM Pk Hr between Riffa and Hammad Town (southbound -

westbound)
Total Daily Traffic AM Peak Hour PM Peak Hour
Site No. 30 56 Total | 30 56 | Total | 30 56 | Total

Years

1988 7750 7750

1990 9500 9500

1991 6592 6592

1995 1300 12927 14227

1996 1726 12774 14500

1997 1329 11745 13074 98 689 787 106 786 892
1998 2435 13887 16322

1999 2225 12025 14250 211 524 735 160 586 746
2003 4574 22028 26602

2004 9379 23919 33298

2005 12788 29882 42670

2006 5651 24646 30297 497 1490 1987 446 1784 2230
2010 5630 31189 36819 367 2418 2785 404 2967 3371
2011 7230 37514 44744 554 2448 3002 572 2423 2995
2012 7924 35160 43084 581 2328 2909 594 2277 2871

*empty cell indicate no data were yet available.
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9- Hammad Town and King Fahad Causeway

TDT, AM Pk Hr and PM Pk Hr between Hammad Town and King Fahad Causeway
(southbound - westbound)

Total Daily Traffic AM Peak Hour PM Peak Hour
Site No. 39 Total 39 Total 39 Total

Years

1980 6132 6132

1986 9800 9800

1988 5950 5950

1990 8500 8500

1992 4606 4606

1993 5672 5672 v 461 461 747 747
1995 5924 5924

1996 5253 5253

1997 6195 6195 391 391 554 554
1998 6376 6376

1999 3856 3856 245 245 373 373
2003 224776 22476 '

2004 18656 18656

2005 24407 24407

2006 17320 17320 1210 1210 1324 1324
2010 11524 © 11524 713 713 666 666
2011 10733 10733 603 603 874 874
2012 9906 9906 650 650 795 795

*empty cell indicate no data were yet available.
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10- Buddaya Town and King Fahad Causeway

TDT, AM Pk Hr and PM Pk Hr between Buddaya and King Fahad Causeway
(southbound - westbound)

Total Daily Traffic AM Peak Hour PM Peak Hour
Site No. 42 75 Total 42 75 | Total 42 75 | Total
Years
1980 3449 3449
1984 2530 2530
1988 3400 3400
1990 4000 4000
1991 4398 4398
1992 5801 5801
1994 6693 6693
1995 7208 7208
1996 7145 7145
1997 7443 7443 752 752 459 459
1998 7674 7674
1999 8093 ) 1 8093 802 ¢ 302 512 512
2003 12719 12719
2004 14322 14322
2005 16592 16592
2006 15554 15554 1737 1737 1069 1069
2010 23737 23737 1984 1984 3005 3005
2011 18995 18995 2011 2011 1236 1236
2012 22447 2563 25010 2762 347 3109 1418 169 1587

*empty cell indicate no data were yet available.
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Appendix 3: Questionnaire

Arabic version
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English version

KINGDOM OF BAHRAIN
UNIVERSITY OF BAHRAIN
COLLEGE OF ENGINEERING
DEPARTMENT OF MECHANICAL ENGINEERING

A questionnaire on public transpiration system in Bahrain

The goal of this questioner is to explore the mode shift towards the use of public transport in Bahrain
as metro, tram, bus ... etc. All the personal details will only be used for the purpose of the research
and will be used confidentially.

PERSONAL DETAILS

2- Gender: D Male |:| Female
3- Nationality: -----------

4- Job & work Place: ------—-—-

5- Do you have a driving
license? Yes No

6- Years of driving experience: ------------—---
7- Do you have

a car? Yes No
8- Level of education: Illiterate Primary D Secondary
Postgrad
Graduate uate
9- Monthly Income ]
(BhD): 0-200 200-500 | | 500-750
1000-
750-1000 1500 || above 1500
10- Living Area (mention the block number): -
Capital Northern | | Southern
Muharraq Middle | | Block No.
11- Number of family (10&
number: (1-3) 4-6) (7-9) more)
12- Number of cars in the
house: No car 1 2
3 4 5 & more
MEAN OF TRANSPORT

If Bahrain is supposed to develop Public transportation network to link stations and main and important
areas and villages.

‘What is your opinion on:
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1- Working hours of the public transport

system:

2- Ticket pricing
system:

6am-4pm

Fixed
price

6am-
8pm

]

Sam-12mid 24
night hr.

Varying price as per travelled distance

3- Validity of the tickets for the earlier selected fare for the use of any number of

trips within :

2 hours

15 min.

1 hour

10 min

i

30 min.

one entry use only

4- If you believe that the developed public transportation system is ideal, what is the probability of
using it according to the ticket fare (per entering person):
¢) if the ticket price is one

a) if the ticket price is 500 fills:
Using it all the
time.

Using it 50% of the
time.

Using it 25% of the
time.

Using it for work
only.

Not using it at

all.

b) if the ticket price is 750 fills:
Using it all the
time.

Using it 50% of the
time.

Using it 25% of the
time.

Using it for work
only.

Not using it at

all.

dinar:

Using it all the
time.

Using it 50% of the
time.

Using it 25% of the
time.

Using it for work
only.

Not using it at

all.

d) if the ticket price is 1.5

dinar:

N Using it all the

time.

Using it 50% of the
time.

Using it 25% of the
time.

Using it for work
only.

Not using it at

all.
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Appendix 4: Detailed of others Routes

I1- Metro 1 (see chapter 6)

2- Metro 2
(Excluded hours)
Metro 2 EXCLUDED HOURS
TIME 0.00 1.00 2.00 3.00 4.00
5 380 178 117 60 161
10 289 158 82 81 182
11 449 239 115 59 213
2 127 67 40 33 83
24 477 270 195 163 248
SITE NO. 26 316 167 101 91 115
34 565 325 192 157 216
35 200 114 77 53 75
56 334 174 93 74 123
89 401 223 126 121 203
TOTAL 3538 1915 1138 892 1619
] PERCENTAGE OF EXCLUDED HOURS
5 0.009 0.004 0.003 0.001 0.004
10 0.011 0.006 0.003 0.003 0.007
11 0.010 0.005 0.003 0.001 0.005
22 0.010 0.005 0.003 0.002 0.006
24 0.014 0.008 0.006 0.005 0.007
SITE NO. 26 0.009 0.005 0.003 0.003 0.003
34 0.015 0.008 0.005 0.004 0.006
35 0.017 0.009 0.006 0.004 0.006
56 0012 0.006 0.003 0.003 0.005
89 0.011 0.006 0.003 0.003 0.006
AVERAGE PERCENTAGE 1.17% 0.64% 0.38% 20.30% 0.54%
ADJUSTED PERCENTAGE 3.12%
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3-Tram 1

(Excluded hours)

Tram 1 EXCLUDED HOURS
TIME 0.00 1.00 2.00 3.00 4.00
) 420 240 179 110 140
13 328 154 80 56 106
g 43 397 189 102 117 209
= 52 309 142 71 76 138
£ 54 944 519 464 238 217
67 337 214 261 128 104
9% 366 194 126 130 249
TOTAL 3101 1652 1283 855 1163
9 0.015 0.009 0.006 0.004 0.005
13 0.013 0.006 0.003 0.002 0.004
g 43 0.011 0.005 0.003 0.003 0.006
= 52 0.012 0.006 0.003 0.003 0.005
Z 54 0.024 0.013 0.012 0.006 0.006
67 0.020 0.013 0.016 0.008 0.006
9% 0.014 0.007 0.005 0.005 0.010
AVERAGE PERCENTAGE 1.57% 0.84% 0.68% 045% 0.60%
ADJUSTED PERCENTAGE 431%
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7- Bus 2

(Excluded hours)

Bus 2 EXCLUDED HOURS
TIME 000 | 100 ] 200 | 300 ] 400
231 219 | 103 | 64 55 83
321 79 37 1 25 31 86
63 1 272 | 151 | 150 | 88 | 110
SITE NO. 64 | 128 | 78 57 31 50
711 65 37 34 70 | 245
701 244 | 135 | 134 | 94 | 184
84 | 136 | 92 98 54 41
TOTAL 1143 | 633 | 571 | 423 | 799
23 ] 0009 | 0004 | 0.003 | 0002 | 0004
32 1 0006 | 0.003 | 0002 ] 0.002 | 0.007
63 | 0018 | 0010 | 0010 | 0.006 | 0.007
SITE NO. 64 | 0014 | 0.009 | 0006 | 0.003 | 0.006
711 0.004 | 0.002 | 0002 | 0.004 | 0016
70 ] 0.012 | 0006 | 0.006 | 0.004 | 0.009
g4 | 0010 | 0.007 | 0008 | 0.004 | 0.003
PE%"C%%AT(;%E | 1.05% | 0.59% | 0.53% | 0.39% | 0.72%
ADJUSTED
PERCENTAGE 3.40%

184
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8- Bus 3

(Excluded hours)
Bus 3 EXCLUDED HOURS
TIME 0001 100 | 200 | 300 | 400
61 153 %0 33 27 55
6| 3011 275 2971 101 7
71 3451 188 1 159 69 59
SITE NO. 771 5961 384 | 387 187 156
78 1950 | 5911 609 | 318 | 266
85 1 380 ] 178 | 151 56 53
TOTAL 2815 | 1706 | 1641 | 798 | 701
61 0009 { 0005 | 0.002 | 0002 | 0.003
161 5026 | 0018 | 0019 | 0007 | 0005
17
SITE NO. 0.024 | 0013 | 0011 | 0005 | 0.004
771 0019 | 0013 | 0013 | 0006 | 0.005
781 0022 1 0014 | 0014 | 0007 | 0.006
851 0.014 | 0007 | 0006 | 0.004 | 0.004
PE;VC%;ATCAEGE 190% | 1.15% | 1.08% | 0.50% | 0.44%
ADJUSTED .
PERCENTAGE 3.35%

187
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