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Volume 3: Public Transport Master Plan

1. Introduction

This document is part of a series of documents that

Master Plan for Ramallah-Al Bi r eh Ur ban a rteimatbe.seridgstare: d oc ume n

»  Volume 1: Scenarios and Modeling

»  Volume 2: Feasibility Analysis

»  Volume 3: Public Transport Master Plan
Other main topics are Fieldwork, Participation and Modeling; these have been described in the Mid-term
report.

Based on the evaluation and comparison between scenarios, Scenario 3 is the preferred one. Scenario 3 (A
and B) consists of the re-organization of the two corridors that provide access to the center of the city from
the north/south west corridor and the south corridor. Key is the inclusion of terminals at the ends of the

corridors which wildl have the function of receivi

city and the exits, collecting all the demand of passengers from different routes that come from both the
north, the west and the south.

A step by step approach for this preferred scenari

a mode (vehicle) component. The BRT system requires special vehicles with a higher capacity. This mode
also needs a dedicated infrastructure (lanes and stops/stations), especially designed and built for the BRT.
Of course, the investments and maintenance cost for the BRT system will be higher than for the bus system.
For the first 5 years, the (electric) bus system in this preferred scenario that will be adequate to handle the
predicted demand of passengers. All other measures mentioned in this Public Transport Master Plan (as
well as in the Traffic and Transportation Plan, 2016) will cause a shift from private cars to, by then, the
competitive public transport. All measures together (public transport improvement, P+R, pedestrian facilities,
strict parking regime, etc.) will result in a motivation to use public transport more and more. The demand for
public transport will rise beyond the modeling output. That is the moment the upgrading of the preferred
scenario from bus to BRT system has to be considered seriously. This can be achieved in approximately 7
years from now, depending on the speed with which the strategies and measures are implemented.

In this Volume 3: Public Transport Master Plan, the description of the plan concept, the current situation,
the goals, the preferred scenario and the measures, as well as the proposed action plan with time frames
are presented.

2. The Plan Concept
Step by step the Public Transport Master Plan for the future will be built. Not only the public transport system

fias sucho, al so the interaction and i mpact wi t h
circulation and parking, pedestrians, accelerator, etc. (Figure 1). For this moment it is crucial to have a good
and clear understanding how it will look like wheneverythi ng i s fAin placeo:

»  North-South/West corridor (Public Transport Boulevard)

»  Three terminals/Multi-modal Hubs on the edge of the urban area

»  Decongestion zone in the city center (no car zone, urban accelerator)

»  Modern electric vehicles (buses)

»  Other internal lines, connection close to the central corridor with good and safe pedestrian walking
routes
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Figure 1: Urban public transport corridors, lines and stops
Figure 1 shows the urban public transport corridors (in yellow), and at the end the three terminals/multi-
modal hubs. The red triangle in the middle symbolizes the integration between the corridor lines and the
other internal lines. The quality of this integration is key for the passengers that have to make an interchange.
This means a high quality of the public space for pedestrians (safe, attractive, straight, shady, smooth
surface).
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Figure 2: Integration between corridor line & other internal lines



Figure 2 is an example how this integration could be realized in the city center around Al-Manarah Square.
It will be obvious that ending the internal line on the corridor will disturb the flow and quality over there. For
safety reasons and to avoid congestion on the corridor, it is advisable that the internal busline(s) ends at the
current location and thus NOT on the corridor. For the passengers that have to transfer from an internal line
to a corridor line and vice versa: they have to take a short walk between the two stops. It is obvious that the
quality of the walking route must be good (and safe)

The central corridor and the internal | i nes al | meet in the core of the wurban
exchange between public transportation lines occur in that area. As detailed later, there are several

exchange options (between the main lines, main and secondary lines), and there are stations and stops

within the core area that facilitate such exchange.

3. Current situation of Public Transport
The public transport service in Ramallah-AlBireh Urban area is composed of buses, shared-taxis (service),
and private taxis. All public transport services and vehicles are owned and operated by the private sector.

The internal roads in Ramallah-AlBireh Urban area are generally narrow and congested especially in the
CBD area and the vicinity, with weak parking control in most streets. Terminal entrances/exits are also
narrow. Therefore, they may not be suitable for the operation of full-sized buses on regular city services. As
such, when bus services are provided for internal routes and the surrounding villages, they are small size
buses (less than 25 seats). Conventional buses are provided for few intercity long distance trips such as
Nablus.

The nature and structure of the public transport in the study area is similar to other main cities in the West
Bank. Every bus and shared-taxi requires a permit, which specifies the route on which it must operate;
private taxi licenses specify the city. The issue of new licenses is restricted but operators may increase their
level of operation by obtaining licenses for additional vehicles. Bus and taxi fares are controlled by the
government in that maximum charges are stipulated.

Buses, carrying between 20 and 50 passengers, currently play a relatively minor role in the provision of
public transport within the Ramallah-AlBireh Urban area and for long distance travel. Shared-taxis are the
predominant form of public transport on most routes.

As a general observation, there is excess capacity in the industry. The number of taxis increased over the
past years. On several main routes within the study area, approximately half of the vehicles are public
transport vehicles.

Buses and shared-taxis spend a significant proportion of their time standing at terminals waiting for
passengers to fill in the vehicles before they depart. On the other hand, most long-distance buses do not
abide to schedule, or leave the terminals at scheduled times, or sometimes earlier if they are already full.
For inter-city bus routes, fares are graduated, and vary according to the length of the journey travelled;
however, internal routes have generally flat fares. Passengers pay the driver (or the operator), who issues
tickets, before the bus leaves.

Local buses do not operate to schedule. In general, the drivers decide when to leave the terminal, based on
their experience of demand. The frequency varies during the day, and passengers have no means of
knowing when to expect a bus to arrive. Fare collection systems are basic, with a flat fare charged regardless
of journey length.



Shared-taxis normally operate non-stop on a somewhat fixed route between the starting point and
destination, departing from the terminal as soon as they have a full load of passengers. They are the primary
means of public transport. Some taxis leave with empty seats to be able to pick up passengers. There are
no regular stops along the route where passengers are picked up; taxis stop as required by the passengers.
All taxis operate on the route specified on their licenses.

Private taxis are controlled from taxi offices. Most passengers book by telephone or come to the taxi offices,
and some regular passengers have arrangements with taxi companies to carry them each day. Empty taxis
can be hailed and pick up passengers in the street. Some taxis operate for 24 hours per day.

There are seven off-street street public transport stations/terminals within the study area; their physical
conditions vary. In addition, there are on-street stops/stations for public transport services. The majority of
public transport terminals is located in the city center and its immediate vicinity; therefore, because of the
limited space may have inadequate space for all operating vehicles. This will also result in severe congestion
by public transport vehicles entering and leaving the terminals, congestion inside the terminal, and
congestion by public transport vehicles parked in the surrounding streets restricting the movement of all
traffic. Furthermore, circulation inside the terminal is generally challenging as the space is limited. Shelters
and passengersofacilities are modest in the majority of terminals.

4. Participation

Throughout the whole plan process of more than a year the approach has been an interactive and
cooperative one. The signals from the participants were very uniform and clear: the public transport system
must be changed in all its sections. So organization, hardware and software efforts must be applied.

5. Public transport in urban areas
Public transport is passenger transport that is publicly accessible. This means everybody that wants to travel
can use its services. The public companies have a contract that obliges them to transport everybody, under
the condition that the traveler pays the applicable tariff. There is a differentiation in scheduled services and
demand dependent services:

»  Scheduled services operate according to a timetable regardless of whether there are many or

few travelers.
»  Demand dependent services will adjust to the demand at any moment of the day.

The structure of a solid public transport system for a city consists of:
» A backbone (for the bigger concentrated flow i longer distances)
»  Coverage of the urban areas (medium long distances)
»  Feeder system (short distances)
»  Stations/terminals as Multi-modal Hubs
In most (European) cities this public transport system can be recognized.

The translation of the current situation, and the outcomes of the scenarios and modeling show the
following:
» The backbone for the urban areas are the corridors that connect the three terminals: North,
South and West.
»  The coverage of the different urban areas is additionally done by the existing bus lines.
»  The feeder systems operate towards the terminals and also to some stops in the bus lines.

6. The goals

Main goal

A public transport system should be a system that is continuously developing in a sustainable way, and
that contributes to improving liveability and accessibility. This mobility goal is intertwined with the policy



goals as summarized in the Spatial Development Framework Plan, Traffic and Transportation Plan of
October 2016.

Mobility goals

»  Enhance overall transportation system sustainability: Crucial to the development of the
sector, including medium to long term goals related to the public transport system management is
sustainability. In this regard, this policy goal is concerned with ensuring adequacy of institutional
technical capacities, environmental, and financial sustainability.

» Improve accessibility and coverage: Key to the public transport operation is improving access
for the efficient movement of people and goods, in addition to improving the coverage of the
different system components. In this regard, this policy goal is concerned with ensuring better
access at reduced user costs, in addition to reduced overall costs of system operations and
coverage of the public transport system.

» Reduce congestion: Within the urban built up area, the socio-economic and environmental costs
associated with congestion are a major hindrance to sound development. As such, this policy goal
is concerned with reducing traffic congestions and enhancing among others the public transport

system.

»  Enhance traffic safety: A key indicator of a sound operating traffic system is related to the
issue of traffic safety with the aim of reducing overall costs of accidents. This policy goal of
enhanced traffic safety is concerned with reducing conflicts, addressing hazardous conditions
and ensuring overall safe traffic operations.

Sub goals
»  Lead modal shift from private car to public transport and walking/cycling
»  Accessible and reliable public transport
»  Affordable public transport
»  Achieve socio-environmental benefits
»  Achieve sustainable and integrated public transport system

Doing so public transport becomes a mode that will and can compete with the private car. Besides the
better environment and accessibility, it also means a big win in the scarce urban space (Figure 3).

®
R I 0.8 m?
(J

Figure 3: Space per mode

The use of space per mode differs considerably. Figure 3 shows that walking is very efficient in terms of
needed space while the (private) car consumes the scarce space. Shown is that (good) public transport
(bus, metro) uses 6 times less space than the car.
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Ramallah-AlBireh Urban area will/can become Smart Moving with a good balance between walking and
cycling, the car and public transport.

7. The preferred scenario (modeling and phasing)

In Volume 1 Scenarios and Modeling of four scenarios have been compared and scored. The conclusion is
that scenario 3 scores best. Scenario 3 (A and B), shown in Figures 4 and 5, consists of the re-organization
of the two corridors that provide access to the center of the city from the north/south west corridor and the
south corridor. Key is the inclusion of terminals at the ends of the corridors which will have the function of
receiving and organizing the demand of usersdcirculation within the city and the exits, collecting all the
demand of passengers from different routes that come from both the north, the west and the south. Within
the triangle of these terminals the passengers will be served by the public transport route on the corridors,
which will have specific operating conditions.
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Figure 5: Scenario 3B
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A step by step approach for this preferred scenari

a mode (vehicle) component. The BRT system requires special vehicles with a higher capacity. This mode
also needs a dedicated infrastructure (lanes and stops/stations), especially designed and built for the BRT.
Of course the investments for the BRT system will be higher than for the bus system.

For the first 5 years, the (electric) bus system in this preferred scenario will be adequate to handle the
predicted demand of passengers. All other measures mentioned in this Public Transport Master Plan as well
as in the Traffic and Transportation Plan will cause a shift from private cars to, by then, the competitive public
transport. All measures together (public transport improvement, P+R, pedestrian facilities, strict parking
regime, etc.) will result in a motivation to use public transport more and more. In other words, the demand
for public transport will raise beyond the modeling output. That is the moment the upgrading of the preferred
scenario from bus to BRT system has to be considered seriously. This can be achieved in let us say a period
of 10-20 years depending on the speed with which the strategies and measures are implemented.

Figure 6 presents the route coverage of the preferred scenario and Figure 7 shows the different bus lines
per route. The colors indicate the different lines.
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Figure 6: Route coverage scenario 3
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Figure 7: Route coverage density scenario 3

For the third scenario the modification is shown on two routes specifically: to the north route 101 and to the
west route 107. It is also necessary to include a new internal route to the south, which was designed as 104a,
and which can be differentiated in Figure 8.
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Figure 8: Routes scenario 3 (main corridors)
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Figure 9: All internal routes scenario 3

The demand assignment with the established conditions is shown in Figure 10.
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Figure 10: Assignment scenario 3

8. Planning

The planning structure in this study is from big to small. First the chosen scenario with lines, terminals and
mode and then the topics like fares, crew and vehicle scheduling, infrastructure interventions like bus lanes
and bus stops.

8.1. Planning structure

The planning structure will also be guided by having in mind the synergies between three main topics, whose
interactions determine the proper functioning of a transport system. It is no longer about providing more
infrastructure; transport planning has to consider all aspects that are important (Figure 11):
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»

»

»

Orgware - a planning system that includes all the actors involved in a project. This ensures that
all visions are taken into account, resulting in strong planning strategies, laws, regulations and
guidelines

Hardware - planning, scenario development, designing and implementation of infrastructure and
systems

Software - culture, communication, information, education, health, etc.

ORGANISATION

HARDWARE
structure Culture
Education

Figure 11: The backbone of a sustainable transport system

The approach for analyzing and modelling the transportation system are based on three pillars:

»

»

»

8.2.

Physical: Includes all the elements of equipment, infrastructure, technology and operation of
public transport. They correspond to the elements evaluated under the traditional vision of public
transport studies and that are required for the physical functioning of the system.

User: Seen as the main actor of the system and of any proposed project in relation to a mobility
system. The user must be studied not only from the socioeconomic dimension and travel needs,
but also it is necessary to understand their sensory, emotional and sociocultural dimensions. This
implies, understanding their capacity and motivation to make decisions in a system that provides
increasing different alternatives.

Institutional: Seen as the set of relationships, rules of the game and functions that are adopted
among the different actors, organizations, individuals, associations and any other member that
interacts as part of the PT system. The institutional setup is characterized by being the component
in which the PT systems are planned, executed and implemented; hence, an adequate organization
is essential for the success of this plan.

Integrated Planning/Plan map

In this Public Transportation Master Plan for the Urban Area of Ramallah-AlBireh the focus is of course on

public transport. What we learned and developed in mobility planning the last decadeisthat 6 Y o u

for

canot

pl an

public transport without planning for all modeso.

In 2017 Ramallah-AlBireh Urban area developed a Traffic & Transportation Plan. This is a strategic
document that covers all modes and topics like parking, congestion, terminals, etc. in traffic & transportation.
In fact, this Public Transport Master Plan is a result of that Traffic & Transportation Plan. In addition to
enhancing accessibility within the urban study area as mentioned in this plan, it essential for economic
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development to improve the efficiency of regional and national access of the urban center. So key to ensure
regional integration is improving the quality of primary access infrastructure for different transport modes.

Three key initiatives were formulated:

»

»

»

Improve national freight access

The mobility goals for Ramallah-AlBireh Urban area are:

»

»

»

»

The three Multi-mo d a |

»

»

»

»

Provide good public transport for everybody

Improve entrances/exits to and from Ramallah-AlBireh Urban area
Improve regional public transport access

Save space in the urban area for moving people by providing a good alternative for the (private)

car

Create

an

6 u r b dhe ceatral patlofeRanaatiab-AlBirehi Unban area. The quality of

urban space should be raised. Walking/cycling and public transport will be the main modes
To be consistent with the planning ideas on a national level (Road and Transportation Master

Plan West Bank and Gaza strip). See paragraph 8.3.

Functi
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these locations passengers in the public transport system can shift from internal lines to external lines and
vice versa (Figure 12). These Hubs are also outstanding places for.
P+R locations for transfer from car to public transport
Hiring a bike or a car
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Collection Report) could be maintained for internal lines (Al-Baloo and Sateh Marhaba lines; Ein Mesbah
and Al-Tira lines; and Masyoon and Um Sharayet lines, respectively). Probably slight rerouting of some
lines might be needed to fit the path of the designated terminal and destination. The details of these lines
and stations need to be designed in a follow up design study.

8.3. Integration with the National Transport Master Plan (NTMP)

The National Transport Master Plan (NTMP) provides conceptual development schemes for the roads and

transportation systems, including public transportation in the form of BRT and light rail potentials for the

intercity level. It proposed a BRT system for majorcitesc onnecting cities6 edges with th
stations, divided over four phases. Phase 1 includes conducting detailed feasibility studies for the BRT

system, phase 2 includes implementing part of the proposed BRT systems in Nablus and Ramallah-AlBireh-

Beitunia, phase 3 includes implementing additional BRTs in the West Bank, and phase 4 includes

implementing a BRT in Gaza. All are presented conceptually.

Furthermore, the NTMP proposes two major public transportation (multi-modal) hubs within the study area
and its vicinity. These are one in the north side and the second in the south, in addition to the central station,
as shown in Figure 13. This is consistent with the proposed scenarios in this study, where BRT system is
proposed for the study area, and nationally connecting to the transportation network via the north and south
hubs.

QALANDIYA AERODROTIE ' %%
Qalandiya/al W 7

FACST IFRIICAIE

|

Figure 13: The NTMP proposed Public Transportation Network within the study area

9. Strategies and measures
In the next chapter the main strategies and measures are explained into the details.

9.1. Parking strategy

General explanation

In the Traffic and Transportation Plan the key interventions aimed at improving the overall parking conditions
in the CBD area of Ramallah-AlBireh are described as follows:
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Increase off-street parking study

This includes that on-street parking is going to disappear more and more in (central) areas. For the central

corridors and for some parts of the other internal public transport lines the on-street parking will/must

di sappear (moving to clustered |l ots). The ficleanodo streets
a certain operational speed and reliability.

Park+Ride facilities
The establishment of P+R facilities outside the CBD area, with high quality public transport to the CBD can
be a viable option.

These topics from the Traffic and Transportation Plan connect with the Multi-modal Hubs designed in this
Public Transport Master Plan.

I n the @ Pl an-modalplubs arelinroddded! places where passengers change from external bus
lines to internal bus lines. And also the locations where external car traffic can park the car and continue the
journey with public transport (Park+Ride). This is a crucial part of the parking strategy for cars in the entire
urban area. So parking on the edges of the area and leading the space consuming cars away from vulnerable
areas. The same basic principle should be repeated in the central areas; parking facilities (concentrated and
in buildings with a reasonable hourly rate) on the edge of the vulnerable area, for instance the marked
fdecongest ed arMaga Bhisaevimle méckanigml wall tring a new balance between the use of
the different modes and a better environment for walking/cycling.

Photo 1: P+R

Photo 2: Parking garage
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The availability and cost of parking space has a direct impact on the car use. By restricting the supply of or
increasing the cost of parking in the city center, the car use numbers can significantly decrease.

Design and implementation measures

Parked cars are all-over the place in the urban area; in the residential areas, in the working areas, in the city

center. This topic of parking needs an independent approach that has to start with a solid fieldwork. How

many cars are parked in the public spaces these days, where and how long? For different functions a so

called fAiparking standardo can be established. Based on t
be designed, implemented and enforced. For this Public Transport study, the focus is on places where public

transport operates; in other words, the Multi-modal Hubs (P+R), the central corridors and the internal bus

lines.

Central area

The central area (corridor including no-car zone) should be dominated by pedestrians; in other words,
parking facilities for cars are concentrated in parking garages around this area. On the central corridors no
more on-street parking. The result is (quality) space for pedestrians; and also for those who come from and
go to the public transport stops (see also 9.5.9).

CORRIDOR LINE

THROUGH DOWNTOWN _————— MANARAH SQUARE

PRIVATE TRAFFIC —— g7 ——  —— REDUCED PARALLEL
GREATLY DIMINISHED — ———_——<___ 5 £ PARKING ON STREETS

_~ EXPANDING PEDESTRIAN

INCREASED TREES & B
> FRIENDLY ZONES

GREEN SPACES

~ RETAIL DEVELOPMENT

CORRIDOR LINE ——_ AT PEDESTRIAN LEVEL

DESIGNATED STOPS

QUALITY OF
URBAN SPACE
CORRIDOR LINE
TO YAFA STREET ™

Figure 14: Quality of urban space

The bird eye view, Figure 14, is just an idea of how it will look like when everything is put in place according
to this Public Transport Master Plan. This area will become more attractive for business, for shopping, for
restaurants and terraces, etc. It could also be a space for cultural, societal activities and public gathering for
different activities and purposes. And it will also have a positive effect on the wider surrounding area (Urban
Accelerator). In short, it will be one of primary destination points in the urban area. Therefore, it must be
properly designed to reflect the local taste and culture, as well as the proper function of this area.
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Parking strategy/parking management will be established in a step-by-step approach done by municipalities,
police, PT body and traffic committee.

9.1.1  P+Rlocations

In section 9.5.8 the Multi-modal Hubs are described; the terminal of the future. The ones related to public
transport are the North, the West and the South terminal. Drivers from and to outside the urban area
could/should park their car over there and continue by public transport (or bike). Convenient for the travelers
is an integrated system for parking and using public transport.

Evaluation indicators
» lllegal parking is reduced to a minimum
»  Revenues from parking fees increase for the municipalities
»  80% level of occupancy of parking
»  30% of reduced traffic in the city centers
» 50% |l ocal residentsd comfort for transport and parkin

Costs of the measure
»  Build P+R: 800,000 $ each

Timeline
»  Establish the strategy: (continuous for) 15 years
»  Build P+R: 5 years

Responsibilities
»  Local municipalities, police, PT regulatory body and traffic committee

9.2.  Pedestrian Strategy

General explanation

Walking for people (pedestrians) is very efficient: in terms of used space, environmental impact, healthy and
cheap. Due to longer distances and the need of travelling other modes like the (private) car and all forms of
public transport have displaced the pedestrians. During the last decade the policy is more and more: give
the city back to the pedestrian. Especially in vulnerable areas like the inner city, parks and their surroundings
and of course also in the living areas.

In relation to this Public Transportation Plan a few things are important for pedestrians. The road network of
Ramallah-AlBireh Urban area is categorized. The bus lines follow the flow roads and in some cases the
activity streets (Figure 15).

P Intersection  Junction
Basic

Flow road . —)

Activity street —l =N

ROad DeSign Street residential area =S =P =\

characteristics

Figure 15: Basic road characteristics
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Flow roads process the bigger flows of motorized transport. For that reason, there is priority for this category
on the junction and on the intersection. Of course, safe facilities for cycling and walking should be provided.
Activity streets connect the flow roads with the different areas, (preferably 30 km/h zones) of the urban
area. On the intersections motorized transport has priority (right of way), on junctions there is an equal
position for traffic from all sides.

Streets in residential and central areas: equal position for pedestrians, cyclists and cars everywhere.

The profile of these roads and streets should consist of a proper walkway for pedestrians on both sides. Bus
stops can be reached safely, straight and in an attractive way. Bus routes use the flow roads and
(sometimes) an activity street.

The improvement of pedestrian facilities is included as part of the roadway rehabilitation program. In this
plan a no car zone is proposed in the central area. So a domain for only pedestrians and public transport.
The two elements mentioned will accelerate the process of giving more and more space back to the
pedestrians instead of keeping space for the (private) car.

9.2.1  Pedestrian infrastructure design

Design and implementation measures

Pedestrian movement should be the top of the transport hierarchy system and street design needs to be
done in such a way that walking will be accommodated and encouraged over other modes.

This can be done with the following measures:
»  Provide suitable route approaches to and from designated crossing points
»  Full pedestrian improvements should be introduced on the major bus routes as they are being
constructed
»  Introduce push button demand at pedestrian signals
»  Provide signal cycle times to reduce pedestrian waiting at signalized intersections
»  Improve access to the bus stations/stops

Infrastructure design
Pedestrian infrastructure should be designed and implemented to support the core principle of priority and
network accessibility.

Evaluation indicators
» At least 50% of the main pedestrian network has been improved
»  Walking share has increased with 10%

Costs per measure
»  Pedestrian infrastructure design and implementation: 100,000 $

Timeline
»  Establishment of the strategy: (continuous over) 15 years
»  Implementation of the infrastructure design: 5 years

Responsibilities
»  Local municipalities

9.3. Legislation
Current situation
In general, public transportation sector in Palestine suffers from several difficulties, including an outdated
bus fleet, service provision is inefficient, irregular and in some areas, inaccessible. Public transportation is
planned by the service providers. This means that bus companies, shared taxis and shared cabs have each
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set their fAinformal o rules for establ i shi nguffitientiyt es,

been controlled by the governmental agencies which hinders a proper public transport planning based on
demand. The following aspects can be highlighted:

»  Traffic Law No. 5 of 2000 from the Ministry of Transport of Palestine, regulates the requirements
for obtaining route licenses as well as the age of the public transport fleet.

»  Vehicle licenses in Palestine are issued in the form of license plates and do not expire; they are
regularly renewed.

»  The costs for acquiring a license for operating as a public transport provider for shared taxis and
shared cabs are between 20,000 and 40,000 Jordanian Dinars.

»  Currently there is not a well-established standard fare structure, which considers topics such as
vehicle depreciation, transported passengers, travelled kilometers or fuel consumption. There are
some formulas developed by MOT; however, needs to be updated and to include the various
factors. Payments are done to the driver of the public transport vehicles.

»  The price of a trip is determined by the type of vehicle and the route; the costs vary from 2 to 50

Shekels and are established by the Ministry of Transport and corrected a nd a d a pdietde & otno

local conditions.

»  The bus owners and the drivers that work for the public transport derive their income directly from
passenger fares. Earnings are also invested in the maintenance of the vehicle.

» Since driver so6 mpemborhteypumpe of naespdrted paksengers, working hours
can last sometimes more than 12 hours which might reflect on insecure situations due to tiredness
of drivers.

General explanation future situation

Public transport is provided on command of the relevant authority (municipalities/governorate) as a core
service to the citizens. So, the public transport service should be under the control of the municipalities and
only the political authority must have the right to determine or change the offered services. In the case of
market approach, public transport is considered as an activity that is naturally provided by entities interested
in engaging in trade and caring risk in the pursuit of profit.

There are two different perspectives regarding the market approach: one is profit to be made by commercial
operators and the primary interest of the public authority is the regulation of the market in public interest.
The second perspective the market has ceased to function well and the public authority has intervened
through mechanism such as planning, direct operation, support financing and coordination in order to meet
urban and societal objectives.

The current market approach in Ramallah-AIBireh urban area is based on the first perspective. The future
situation must and will be based more on the second one with the public authority on board. This transition
must be carefully undertaken.

The basic lesson learned in many cases is that any attempt to improve the public transport system that is
premised on ignoring the role of the existing operators is doomed to fail. In other words, they should be on
board as partners in change.

The legislation of the public transport includes activities such as the legal relationship between the transport
operators and passengers, and between operators and public administration bodies. Itis also including fiscal
(customs duties for imported vehicles) and social(consumer) and environmental protection. Local
government have a central role to play in the development and implementation of the plan.
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931

Integrated urban transport committee

Design and implementation measures

»

»

»

»

Set up integrated urban transport authorities within the cities which covers all modes of transport
and considering issues beyond transport such as housing and land use in order to set the
institutional framework for the development the public transport plan and integrated urban
transport policies.

Develop integrated transport and land use master plans coupled with local and district
development plans in order to promote long-term urban planning

Implement a basic package of policies to push car users away from private cars, including
congestion charging, parking management, restriction/auction of license plates and promoting car-
free areas in order to set a favorable environment for the development of sustainable transport
Set up urban transport fund that oversees investment in sustainable transport, especially public
transport and non-motorized transport to ensure the adequacy of financial resources availability.

National government has a key role to play in catalyzing actions at the local level.

»

»

»

Design and implement fiscal measures such as fuel and vehicle taxes, and phase out
environmental harmful subsidies.

Implement regulatory measures such as vehicle efficiency standards and fuel standard.

Promote private investment in more environmentally efficient vehicle and technologies through tax
cuts/rebates and subsidies for research and development.

Evaluation indicators

All public vehicles should register in the system

Decrease car traffic especially in the city center and main corridors
Standardization of the all-public transport vehicles

Promotion of private investments

per measure

Establishment of the integrated urban transport committee: 10,000 $
Operational cost: 15,000 $ per year

Timeline

»

»

Establishment of the strategy: (continuous over) 10 years.
Establishment of the integrated urban transport committee: 5 years

Responsibilities

»

9.3.2

Municipalities and Ministry of Transport

Establish a responsible body for local public transport organization/provision

General explanation

The success of a public transport system lies in establishing a local/regional body that has the authority to
make decisions, controls and manages the system. It can only be achieved within the desired time frame
through the appointment of a dedicated, full-time team of professionals in a carefully considered employment
structure. Locally, the municipalities are more aware of their needs. Thus, it is essential that the Ministry of
Transportdelegates the decision power at the proper level. The best way of achieving this is by creating a
transitional body (ad-hoc) in close cooperation with the Ministry of Transport which will evolve towards a new
complete entity in the conurbation or governorate.

The new entity will handle:

»

»

Public transport service planning
Public transport infrastructure
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»  Operational aspects of the service
»  Communications
»  Financing

The transitional body coul d be namiedP TiU.hoerofdbed JREU
should be structured in two levels: administrative and technical.

For its administration, the JPTU should be headed by a representative of the four municipalities. Its
membership includes key staff (for example, mayors or managers) representing the four municipalities,
MOT, and Ministry of Local Government. And it should also include representatives from the Union of Bus
Owners, Union of Taxis, private sector (such as the Chamber of Commerce), NGOs, and the
managing/operating company for the newly proposed bus/BRT services (Figure 16). Its main role is setting
policies, service planning, secure funding, and monitoring operational aspects of the public transport sector

Publ

in Ramallah-AlBireh Urban Area. It also should always coordinate withthe Gov er nor 6 s of fi ce.

This body should be technically supported by a technical committee, which includes in its membership the
current projectébés Technical Commi ttee, who was a
Master Plan, and be headed by the Joint Cooperation Unit, JCU. The role of this committee is the technical
aspects of the public transportation system. It includes performance monitoring, conducting studies, field
observation, etc., and submitting guidance and recommendations for the administrative body of the JPTU.

l Head of JPTU |

C

Tr

partner

VR f S Chamber of Bus
l Municipalities |l MoLG |l MOT |l Bus Union |lTaxn Union |l Commerce |l NGOs |l Company |

$t ¢ 3

Technical Committee

Figure 16: Public Transport body scheme

Design and implementation measures
»  Coordinate with the Ministry of Transport for an independent public transport body
»  Change respective laws, if necessary, and regulations for setting the new structural public
transport body

Evaluation indicators
»  Well defined public transport department at the municipalities

Costs per measure
»  Establish the responsible body: 10.000 $

Timeline
»  Establish the responsible body: 2-5 years
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»  Operational timeline: (continuous over) 15 years

Responsibilities
»  Ministry, Local municipalities and PT regulatory

9.4.  Therole of taxis

General explanation

The role of the taxi will change significantly. Taxi services will in the future feeder more and more towards
the public transport terminals and the central station. Taxis offer flexible, demand responsive and door to
door services. The reasonable price of taxi services can help to reduce the level of car ownership. Taxis
provide an essential means of transport for the vulnerable groups such as elderly and disabled. Furthermore,
they are valuable for the economy because they create job opportunities and tax revenue for the local
government.

Design and implementation measures
There are a number of measures that can be taken to improve the taxis contribution:
»  Modernizing vehicle fleets to a lower level of air pollution and carbon il
emissions /
»  Supporting the use of taxis in price setting and in communication in
word and in image. For instance, showing the same logo on all
vehicles which provide the public transport in the urban area
»  Ensuring the effective regulation of services %
»  Supporting improvements in the vehicle standard

Evaluation indicators
»  Decrease of the pollution
»  Decrease of traffic jam
»  Well organized taxi services with a well connection to the public transport system

Timeline
»  Organize the role of taxis: 2-5 years
»  Operational timeline: 10 years

Responsibilities
»  Local municipalities, PT regulatory body and private investor

9.5. Technical and operational measures
The following chapters explain all the main measures related to the technical and operational design.

9.5.1  Technical and operational design

The modeling results for each scenario are in the first place the demand and the supply for 0-5 years, 5-10
years and 10-15 years. For the preferred scenario more detailed output is provided.

The main output is about:

»  Cycle time: The cycle time is the time that a bus needs to make a round trip on the route.

»  Maximum load: The maximum load indicates the number of passengers per segment. The
maximum load explains the usage of each segment and helps to understand the destination of
passengers.

»  Capacity: The capacity is an indicator of the size of the bus in use. In this study two different
capacities are considered, 50 to 80 passengers for normal buses and 160 passengers for BRT.

»  Level of service: The level of service presents the fullness of bus capacity.
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»  Minimum interval: The minimum interval shows the time in between two buses of the same line at
the same direction; so if you just missed your bus how long do you have to wait for the next one.
The shorter the time the better the service quality.

»  Frequency: The frequency indicates the number of buses during one hour.

»  Fleet: The number of buses needed per line.

»  Boarding: The number of the passengers who are boarding. This number indicates the real
demand.

The detailed tables are shown in annex 1.

Evaluation indicators
»  Successful implementation of the new public transport system

Costs of measures
»  This is part of the planning process in the municipalities

Timeline
»  Develop a plan: 2 years

Responsibilities
»  Local municipalities and Public transport body and consultant

95.2 Elements: terminals, lines, feeders and modes

General information

Building it up towards a solid public transport system the first elements from the scenarios are the terminals
and the connecting corridor. There is a common understanding about the North and the West terminal
locations (Figures 17 and 18). The one in the South is the subject of a detailed survey. So the Plan focusses
on the North and the West terminals.
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Figure 17: Location North and West terminal
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Figure 18: Location of proposed terminals

Design and Implementation measures

These terminals will function as Multi-modal Hubs (see also section 9.5.8); crucial are the external lines that
stop here, and the internal public transport system takes over the role of moving people from and to the

urban area. The terminal will also function as P+R (Park+Ride) locations for cars. External cars will park
there and people can continue their journey with public transport.

The connection between the North and the West Station must be comfortable to use for public transport
vehicles, in other words absolutely no congestion. This will be established in two ways:

1. The bus will get priority on the route; bus lanes, priority at junctions, etc.

2. A no-car zone in the central area (central stop).

Vehicles are changing rapidly; not only in a modern appearance. The new ones are comfortable, silent, no
emissions, so electrical (photo 3 shows a modern electrical bus). The current buses in Ramallah-AlBireh
urban area have a bad image. They are the opposite of the qualifications just mentioned.
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Photo 3: Electrical modern bus

The modelling results showed that a bus with a capacity of 50 is a good mode for the urban area in the
coming period. Not only in terms of services (frequencies), but also in terms of exploitation and investments
in infrastructure. A BRT requires a fully dedicated elevated platform including the stations. When the use of
public transport increases a lot on the central corridors, a jump towards a BRT system can then be
considered.

Evaluation indicators
»  Decrease congestion
»  Higher speed of the bus system
» Increase the usage of the bus system by 30%

Costs of measure
»  Corridor rehabilitation: 3,600,000 $ based on the Feasibility Analysis

Timeline
»  Corridor rehabilitation: 5 years

Responsibilities
»  Local municipalities and public transport body

9.53  Fleet

General explanation

The fleet numbers indicate the number of buses needed for the city. The operational design for the first 5
years is composed of all routes that go from the outer terminals to the center operated by buses of 80 and
50 passengers.

Design and implementation measures (see Volume 1 for details)
»  The fleet numbers for the first 5 years during the rush hours are 100 to 123 and during the off peak
63 to 78.
»  The fleet numbers for the second 5 years during the rush hours are 119 to 147 and during the off
peak 61 to 91.
»  The fleet numbers for the third 5 years during the rush hours are 147 to 175 and during the off peak
78 to 113.
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Evaluation indicators

> The fleet should be monitored regularly by the authority to make sure they work properly and
provide enough capacity.

The new brand bus vehicles for the whole city

v

M

Costs per measure
»  First 5 years: 25,750,000 $
»  Second 5 years: 9,800,000 $
»  Third 5 years: 3,350,000 $
»  Total over 15 years: 38,900,000 $

Timeline
»  For the whole process: 15 years including the planning process

Responsibilities
»  Local municipalities and Bus companies

9.5.4  Bus stops and coverage

General explanation

The lines of the Public Transportation Plan in the urban area of Ramallah-AlBireh cover the area as good as
possible, giving the geographic structure, the living areas, the working areas and the central areas. In other
words, the current internal lines have originated in the last decades to serve all parts of the urban area as
good as possible. The introduction of proper bus stops on all internal lines will improve the coverage for the
exiting areas. Future expansions should be unlocked by using the existing lines (for instance extension 106).
Figure 16 shows the urban area lines (corridors plus other internal lines) with an indication of bus stops. For
locations thatarefidi f f i c u | (futhre and exiatiog} @taxsservice (feeder) towards one of the (main)
terminals and/or other bus stops is a design option.

In combination with the bus stops, this will result in a coverage by public transport of the essential areas.
The bus stops are located at obvious and safe places. The distances between the bus stops is approximately
300 m. In Figure 20 the bus stops are projected for each line. With a radius around each stop and terminal
of 350 m (the walking distance to/from public transport) we see the quality of the coverage, for the urban
area as a whole and for each part of the area (neighborhoods).
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Figure 19: Urban public transport corridors, lines and stops
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Figure 20: Coverage of public transport

During the last decades the (internal) lines were shaped, based on servicing a good demand (clients on
board). So it is obvious that the coverage map of the urban area shows that approximately 80% of the living
areas are within the influence lines of the public transport system in the near future. One of the monitoring
tasks of the Public Transport Body will be to keep this percentage at this level or even improve it. Also, when
new functions (work/living) will be added to the urban area the Public Transport Body will design and decide

30



what the best way is to serve the new passengers, given the existing public transport services (lines, stops,
buses, taxis, etc.). The knowledge and the tools gathered thanks to this Master Plan will be used for an
update of the network.

Design and implementation measures
For the design of a good interchange these factors need to be considered:

»

»

»

»

»

»

»

»

Walking distance should be as short as possible.

Elevator and escalators are required for comfort and speed in case of a change of the level.

To improve orientation, safety and the visibility between the main destinations inside the
interchange must be provided.

Consider requirements for the elderly persons, disable persons and passengers with luggage,
pram etc.

Weather protection, natural and artificial light and cleanliness and good maintenance are the main
factors for the users feeling comfort and safety.

Short waiting time

Harmonized ticketing system

Reliable information system

Photo 5: Escalator for buses
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Figure 21: Desired dimensions bus stop along the roadway (in meter)
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Figure 22: Bus stop in the roadway (in meter)
Evaluation indicators
»  Increase use of the bus system by 30%
»  Increase use of the bus system for vulnerable citizens

Costs per measure
»  Build one stop: 7,500 $

Timeline
»  Implement all the stops: 15 years

Responsibilities
»  Local municipalities, private investor, PT regulatory body

9.5.5  Flow measures

General explanation

Public transport will operate based on time tables; this means that the travelers can rely on arriving and
departing on ti me. Organizing this whole system
the modern techniques. Even small delays can be recovered within the system.

A big problem is congestion caused by private cars in (central) areas/streets where the public transport has
to operate too. The roads are shared by all kinds of modes, movements etc. A completely separated public
transport system will solve this congestion issue. In urban areas with the size of Ramallah-AlBireh it is not
feasible to create a (fully) separated public transport system. It can be separated on some (central) corridors.
In the rest of the network Aflow measureso wild.l
congestion. In other words, public transport (bus, minibus, vans) will get priority over cars.

Design and Implementation measures
Measures can be:

»  Bus lanes; this bus lane can reach out over a long stretch or just a few hundred meter to guide the
public transport along the jammed cars.

»  Priority at traffic lights; public transport vehicles give a signal on arrival at the junction. The
equipment switches to green as fast as possible. The congested row of cars can also pass the
junction thanks to the green light. Another solution is to design and build a (short) bus lane that
starts at a point before the end of the row of congested cars.

» A bus that halts in a bus stop along the roadway gets priority to re-enter the road. This is an
arrangement in the traffic law, so a legislation measure.
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»  For the central corridor it is possible to make a total design of flow measures, one-way system

(which already exists on mostroads), nocarzone,et ¢c. These will result i
speed of public transport of around 30 km/h.
» This reconstruction of the central corridor wil

A circulation for this mode must be designed.

The detailed design (next phase) will probably result in an almost dedicated space for public transport and
pedestrians in the city center. Closer to the three main terminals there will also be car traffic on the same
road/profile. On those sections public transport gets priority by means of the bus lanes as explained before,
priority at junctions etc. The physical elements for the proposed scenarios are shown in Figure 23 A and B.
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Figure 23A: Physical elements for the proposed scenarios
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Figure 24B: Lane distribution with the core area

Based on available right-of-way for the roadway network in the core area, the vicinity and their extension,

some roads would accommodate two lanes for buses and one lane for (commercial loading and unloading)

cars (such as Al Et hada St rSeeetl. Somd are already| aadhwoukdtremaie,t a n d
one-way; therefore, would accommodate one lane for bus and one lane for car (Nahda Street, Main Street),

Others are wide enough to accommodate two lanes for buses and at least two lanes for cars (the extension

of Jerusalem Street, Yafa Street, a'medbus Fahes dhduld beduatherSt r e e t
detailed in the Detailed Design Phase. Tentative layout options for the bus lanes are provided in Annex 2.

The main reasons of priorities are:
»  Journey times according to the timetable
»  Reliable service
»  7-10% cost reduction and no more congestion for public transport
»  Increase safety for all modes
»  Better use of urban infrastructure; balance between public transport/walking and cycling/car.

These measures need to be considered to implement a bus priority system:
Design of road infrastructure including public transport
Detailed design of the main corridors in order to implement the dedicated bus lanes and pedestrian

v
M

v
M

facilities.
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Photo 6: Bus lane

To summarize the flow measures:
»  Inthe decongested zone (with the corridor lines) the design will be in a way that the public transport
bus has almost absolute priority.
»  Then further towards the main terminals the corridor lines will be facilitated with measures like bus
lanes and priority on junctions (with and without traffic signs).
»  Decent bus stops for the passengers (next to the road if this is necessary given the size of the
traffic flow). And also with enough shade (trees) and seats.

Evaluation indicators
»  Monitoring of the timetable times
»  Congestion only incidentally (accidents)
»  Decrease the number of accidents
»  Reduction of fuel use / charging

Costs per measure
»  Rehabilitation of the corridor: 300,000 $ per kilometer based on Feasibility Analysis

Timeline
»  Design of rehabilitation of all the corridors: 5 years
»  Implementation: 10 years
»  Local municipalities, PT regulatory body

9.5.6  Car circulation

As mentioned in fAthe current situat i oindhe (itgteatgrtawr 3) t he
congested during rush hours and even beyond that time. It is also clear that today public transport causes

its own problem; many taxis using the same routes.

The new public transport system:will ease this problem in
» A shift from car drivers to the new public transport system because of a better quality of the system
» A significant shift from small vehicles to large vehicles (BRT), which means fewer vehicles
»  According to the National Transport Master Plan the new car infrastructure in the Ramallah-AlBireh
urban area will also be a kind of an eastern ring road. This ring road also connects the three multi-
modal hubs. So many car trips can/will use the ring roads instead of the central roads.

The exercise with the MOVE Meter shows that this ring road will be needed to relieve the center area.
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(The Public Transport modeling was done with the software package TransCAD. It does not describe multi-
modal situations. To model this multi-modality is really expensive. Therefore, we used the car data from the
2016 Mobility study to determine the impact of car reduction on the central corridor, Figures 24 and 25).

) 7 if \

\ \g
E,

Ramallah Test 1

Figure 25: Data from 2016 Mobility study is used to show the existing traffic flow

The red colored road/street (Figure 25) will have far too much traffic without the ring road alternative.
Exercises like these should be done in another study needed, described in section 10.
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Figure 26: The same 2016 data when the central corridor is downgraded for the car system in favour of the
Public Transport corridor.

9.5.7  Electrification of public transport
General explanation
An electrical bus is a vehicle which uses electricity rather than fuel or gasoline. The electrical bus relies on
electric power only. The main benefits of electric buses are:
»  Eco-friendly: The electrical buses are environmentally friendly because they use electricity and
have zero emissions.
»  Quiet operation: The electrical bus operates far more quietly than other types of buses.
»  Minimal maintenance: The electrical bus does not need oil change, change of air filters, smog
testing, replacing coils or spark plugs and transmission maintenances.

Design and implementation measures

Formalize and implement a long-term infrastructure plan: Charging infrastructure is a key for a
successful electrical bus system. So it is important to create a site plan to address the reality of land scarcity,
analyzing and defining technical specification of charging stations, exploring innovative charging mechanism
such as smart charging and developing a plan to deal with power outages.

Electric bus: There are different types of buses depending on the way they are charged: plug-in charging,
battery swapping, and wireless charging (Figure 26).

Plug-in charging

The cost of plug-in charging facilities is the lowest and simplest among the charging types, because the
vehicle battery is charged by using an electric plug. However, plug-in charging is very slow and additional
electric buses would be required to maintain the bus headway.
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Characteristic Plug-in Charging Battery Swapping Wireless Charging

Charging power 200 kW 200 kW 200 kW
Charging time 20-30 min 40 s (battery replacement) 3040 min
Charging efficiency 0.95 0.95 0.75
Installation location Route end points Route intersections 5-15% of the operating route

=

Mlustration E Q

Figure 27: Types of charging electrical buses

A battery-swapping

A battery-swapping electric vehicle is supplied by a detachable battery mounted on the bus, avoiding the
necessity of additional buses as the battery can be replaced in a very short time. However, the infrastructure
construction costs that are associated with this type of vehicle are the highest among the presented charging
types. To mitigate this economic impact, the charging stations can be installed at the intersections of multiple
routes to distribute the construction costs over the operation rate of the routes.

Wireless charging

A wireless-charging vehicle transforms the electromagnetic field generated by the electric wires buried under
the road into electrical energy by employing a current collector mounted underneath the vehicle. Therefore,
battery charging can be achieved while driving the electric vehicle. This technology has not been
implemented yet, but research suggests it as a promising solution. Despite its convenience, dynamic
charging retrieves a lower efficiency than static charging. Therefore, as electric buses travel long distances,
static wireless charging would be preferred.

One of the main challenges of the public transportation services is satisfying the users with limited resources.
To face this challenge, it is important to define the network strategies. Development of the heavy trunk line
service with high frequencies, flow measures and heavy demand has the highest priority. Therefore, in this
study the main corridor is introduced as Public Transport Boulevard. The second level of the service is about
the service level in the rest of the city and region with a more flexible and dispersed form of operations that
will provide improved public transport access.

Charging stations with multiple charging ports can help minimize the space requirements, depending on
the physical characteristics of the parking area. Other electrical equipment, such as distribution transformers
and substations, also require physical space that may not be readily available. Thus, the distribution of e-
buses across potential parking locations should be based in part on the availability of physical space. Of
course the Multi-modal Hubs will also be main charging stations.
»  Technical specification
Considering charging standards, power requirements, safety standards and communication
mechanisms. There is no globally accepted charging standard for e-buses but many companies
use the same protocol.
»  Power requirements
It is important to determine the power rate for charging an e-bus. A 50-kilowatt charging station is
the minimal range. Lower than that may not ensure a full overnight charge. The determination of
the power charge is based on the charging time necessary to ensure adequate vehicle availability.
The power rating available from charging station manufactures the power rating available from the
existing electricity network and potential downtime for the charging facilities due to maintenance
and other activities. There should always be a back-up power system.
»  Smart Charging
Smart charging is enabling charging by a system which manages the schedules and load profile
for each station.
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»  Bus route network smart charging

To optimize the cost for the whole system the bus route network charging can be used. Buses

may charge during the off peak hours.

Evaluation indicators
»  Battery power monitoring
»  Predict real time e-bus range and long term use of battery life
»  Maintenance of buses

Cost per measure:
»  Charging point cost: 100,000 $ per charging point based on Feasibility Analysis
»  Vehicle cost: 450,000 $ for a bus based on Feasibility Analysis

Timeline
»  Implementation of the charging points: 3-5 years
»  Buying of new vehicles: (continues over) 15 years

Responsibilities
»  Local municipalities, PT regulatory body and private investor

9.5.8 Multi-modal Hub
General information

Worldwide we see a process of bringing more options, more quality, more convenience etc. for people that

wantto/have totravelfor short and | onger distances.

Design and Implementation measures
»  Proper parking places for cars (Park+Ride) and buses
»  Clear information about Public Transport
»  Ticketing services
»  Alternatives like e-bikes
»  Small shops related to the trips
»  Repair shop
»  Charging point
»  Restaurant/meeting place

Nowadays these are called Mult-mod al Hubs. Coul d be fully

covered

means

by

a

t

he

P owbdPE

o o

Sustainable (solar energy)

Restaurant/waiting place

Small shops related to trips

Charging points for electric cars,

buses, bikes

Multi-modality in one location

Green space, meeting area

7. Ticketing services, information for
all modes

8. Park+Ride

Figure 28: Multi-modal Hub
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As mentioned in section 9.1 Parking strategy, P+R locations should be designed at the terminals North,
West and South. Given the other functions (multi) car parking is not only related to public transport travel. It
is advised to start with a reasonable number (50 places) with a flexibility in the design to extend easily.
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AND REGIONAL TRAFFIC FUTURE TERMINAL
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Figure 29: Multi-modal Hub future terminal

Figure 28 shows how the West terminal can look like as a Multi-modal Hub. Again it is just an imagination;
one thing is clear 7 it should be an integration of all functions mentioned in Figure 27 and of course the
corridor line and the internal line(s) are connected at these terminals.

Evaluation indicators
»  Usage of parking space by 80%
»  Multi-modal hubs profitability
»  Operating revenues per unit
»  Satisfaction of the users

Costs per measure
»  Build the multimodal hubs: 52,250,500 $ (includes land acquisition and construction, including P+R)
based on the Feasibility Analysis

Timeline
»  Design a multimodal hub: 2-5 years

»  Building of multimodal hubs: 5-10 years

Responsibilities
»  Local municipalities, PT regulatory body and private investor
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9.5.9  Central Station/Urban Accelerator
Where is the heart of this city? That is a crucial topic and many (inhabitants and visitors from outside) will
answer: fAThis is the placeo.

Why is this important? Well, ithe place to bedo is intere
Every city has those fAur ban arbansphcer atorso, with a high qu
It is essential that thereisfino congestiono on the Public Transport corri

West terminal. The central part of the North-West corridor Jaffa Street corridor to the west and north through
Al Et h a 0 ahe [setarrobtleeturban area. This further extends to the south corridor as well.
Nowadays it is the place where:

»  People meet

»  People want to walk

»  Investors/commercials want to do business

»  Too many private cars block the system

»  Buses and taxis are struggling

»  Pedestrians and pedestrian crossings have no quality of space

Design and Implementation measures

This special place must have good public transport; this is provided by the North-South-West corridors. The

congestion of cars and taxis will disappear thanks to the corridor measures; pedestrians and public transport

wi || be in the majority. Public transport must have a fAm
Central Station.

Figure 29 shows a suitable location for the central station.
» It is a perfect location for the public transport Central Station with many people using it. It is a
publicly owned land.
»  The public transport stop will be properly designed with very good accessibility, waiting places,
information for the area and the public transport, shade, etc.
» Itis a good location in the network of streets and roads to create an (almost) no-car zone, to bring
some air and space in this vulnerable area
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»  Pedestrians/cyclists get the space they need/deserve

»  Quality of urban space will flourish

»  The whole surrounding area will accelerate in terms of quality. Investment, livability, etc.

» It will bring people from the outside to this central location; therefore, business and commercial
sector will highly benefit, and will not be negatively hurt by not allowing cars to enter the central
zone.

»  Special attention for later on in the detailed design is needed for the delivery of goods and people
by car in this area.
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Figure 30: No-car zone

Photo 7: Potential central stop

This is how the central stop could look like; of course it needs a local touch.
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Figure 31: Decongested zone

Figure 30 shows the potential effect of an urban accelerator. The start of an urban accelerator has a rippling
effect. Like a stone in the water. These accelerators have much more meaning and can enforce
developments that will determine the successes of the city. This central urban accelerator will be established
based on the elements mentioned in the Public Transport Master Plan. Decongestion in the central area is
a key ingredient.

In Figure 31 an exercise with the MOVE Meter is shown. The percentage of short car trips is very high (up

to 95%). This indicates that those car users can also use another mode like walking/cycling or shift to public
transport.
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Figure 32: Share of short car trips (output MOVE Meter)

The basic idea shown in the National Plan and the Plan map support the shift from car to public transport
and walking/cycling. Of course, in the detailed designs the service route, supply timeframe and parking
accommodations must be figured out and designed.

This central area can/should be identified asffeitur ban acce
like a stone in the water. These places have much more meaning and can enforce developments that will

determine the successes of the city. These nodes/places/areas that could become an accelerator are limited;

they will be recognized by everybody and they will have their own character and identity.

Evaluation indicators
»  Decrease of congestion by 30%
» Increase of public transport by 30%
» Increase of walking in the city center by 30%

Costs per measure
»  Redesign the city center: 375,000 $ based on the Feasibility Analysis

Timeline
»  Design a car free zone: 3 years
»  Implementation of a car free zone: 5-7 years

Responsibilities
»  Local municipalities, PT regulatory body and police

9.5.10 Information system

General explanation

One of the necessities of a public transport system is having an accurate real time information system. Not
only for guiding passengers, also for safety reasons and to enable the control center to take action on time.
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People need accurate information to access the public transport services. Correct and reliable information
need to be available during and before travelling. The following information needs to be provided to the
passengers:

»  Schedules and network maps, which are clear and coherent

»  Real time and mode specific arrival and departure times

»  Information inside the vehicles about the route number, destination, the following stops and

possible connection to other modes/lines
»  Information about car parking and Park+Ride

Vertrek

Photo 9: Bus stop information on a solar powered panel

Design and Implementation measures
There are different ways of presenting the information:
»  Via variable message signs (VMS), on information boards and on loudspeakers at the stops or
inside the vehicles
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»  Viathe internet

» At customer service centers

» In printed brochures

»  On touch screens at different locations in the city

»  Via telephone

»  Via mobile phones by using SMS or via mobile apps

In order to implement the information system different steps are necessary:

»  Understanding the state of the art of available information technologies, organizational structure
and stakeholders

»  Analysis of specific user needs such as OD patterns, the needs of the vulnerable group

»  Establish a close relationship between the different stakeholders

»  Design the overall system architecture such as defining the technical and function of the system,
define the format of the information and select the media and locations

»  Call for tenders

»  Developing the data center, designing the software, marketing and monitoring and evaluation
strategies

» Installing the system

Adoption of advanced information technology requires significant financial investments, which have to be
assured from the beginning of the project (e.g. by the regional or municipal transport authority). To assure
the economic sustainability of the measures after the implementation, a specific business plan should be
designed that includes costs and revenues generated from advertising, internal cost reductions, and sales
of specific customized information services, (e.g. selling this to other travel service providers). It is also
recommended to ensure that the original tender includes adequate technical back-up to ensure long term
operation of the system. Often the technical equipment for offering real time information at each bus shelter
of a city is not possible for financial reasons. Therefore, it is reasonable to initially install such equipment at
the main transfer stations and important stops. Less important stops can also be covered by mobile phone
services. The public transport operator is committed to pay for the equipment at the stops and on the vehicles
as well as for the hard- and software of the system. Financial support should be given also by the city council
or the public transport authority.

Evaluation indicators
»  Monitoring the reliability and accuracy of the data provided
»  Assessment of customer satisfaction
»  Definition of precise routes and stops for the proposed routes
»  Reliability and accessibility
» I nformation qualified by the public as

=1

goodo

Costs per measure
»  Design and implementation costs: 350,000 $

Timeline
»  Design and implementation: 5 years

Responsibilities
»  Local municipalities, PT regulatory body and private investor
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9.5.11 Ticketing and fare collection

General explanation

In general, the total revenues earned by the public transport service should be sufficient to cover the total
costs and a reasonable profit. Basis for collecting the total fares is a solid, reliable and attractive system.
Furthermore, an attractive ticketing system will generate more use of the public transport system.

The pricing should be reasonable and easy to understand. Tickets and payment facilities should be available
through the city, at ticketing vending machine (bus stops, stations), on internet or via mobile phone. A well-
defined ticketing system helps the city to have a huge valuable data base because the ticketing process can
collect the data from the passengers which can be used in the management system of the public transport.

Design and implementation measures
Main steps to implement a ticketing system are:
»  Define the price
»  Design the ticket products
» ldentify framework condition for the availability, registration and payment delivery of tickets
»  Connect the central management system for the ticket integration
»  Adopt the software
»  Implement the ticketing machines

Different types of the transport tickets:
»  Single ticket (zonal or OD)
»  Single ticket (time limited)
»  Single mode or single operation
»  Multi journey (5,10, 20)
»  Season ticket (day, week, month, year)
»  Value ticket (pass as you go)
»  Off-peak ticket
»  Combined ticket (with Park+Ride)
»  Group ticket
»  Family ticket

Ticketing payment:
» Cash
»  Tokens
»  Paper tickets
»  Magnetic strip ticket
»  Contact based smartcards
»  Contactless cards
»  Mobile ticketing

To collect the fare, the passenger needs to buy a ticket on board, and pay in cash. More and more this
system of payment will transform towards paying with a contactless card. Probably this card will be covering
the whole of Palestine in the future.

Evaluation indicators
»  User satisfaction
» Increase of the bus system by 30%
»  Profitability for the municipality and bus company
»  Revenue transparency
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Costs per measure
Implementation of a ticketing system: 100,000 $

»

Timeline
»

»

Design: 2-3 years
Implementation: 5-7 years

Responsibilities
Ministry of Transport, Local municipalities, PT regulatory body and private investors

»

10. Other studies needed

A city can be compared in a proper way with a very good apple pie. If you forget one ingredient or you add
one too many it will not taste at all. So to implement this public Transport Plan other studies are needed to
find the right mix. From a mobility point of view, we can mention the next three studies:

Detailed designingof t he Master Plan outcome. I f there is
financially, the central corridor must be designed in detail (1:500, some parts 1:100)

»

»

»

»

»

The central corridor. Measures for public transport, not only with regard to driving also with
regard to the central place and the other stops. Included must be the routes and crossings
for pedestrians, the flow through measures for buses.

The three terminals/Multi-modal Hubs

Integration points. Internal lines/feeders with the central corridor.

The impact of the public transport measures on the car circulation. Nowadays the central corridor
is a crucial link for car traffic. Therefore, downgrading this one must be done carefully. In the first
place we know that the current public transport with small vehicles (taxis) causes its own problem
(see also car circulation). With the MOVE Meter different scenarios can be judged very easily and

fast.

It should be noted that the detailed design and the car circulation are interconnected; therefore, they
could be done together.
Parking study

»

»

Where is parking allowed/where illegal parking?

How many vehicles are parked in the city
What is the motive of the parked car (work, shopping etc.)?

How long are cars parked at different stages?

Alternative? Like central parking garages

Feasibility Study

The Master Plan provided a preliminary feasibility (financial, social and environmental) analysis.
However, before proceeding with the implementation phase, a detailed feasibility study should
be prepared. This study will provide a clear picture for the private sector investment
opportunities, the fare structure, impacts, challenges, etc. The content of such a study is
provided in the final Master Plan report i Volume 2. The social impact part of the study is also
interconnected with items 3 and 4 (above). The study could be conducted in collaboration with
the private sector/potential investor.

11. Kick-off, timelines and costs

After (political) approval of this Public Transport Master Plan a lot of things have to be done.

The Public Transport Body must be put in place so they can introduce themselves to the
municipalities, the public transport businesses, the public and other (Organization).

The Ministry must be informed about the intentions of the municipalities; a good link with the
ministry is essential. Not only about financials but also to align technical and legislations issues on
a Palestinian scale (Organization).

»

»
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» On a short notice a meeting with the transport sector with follow-ups is crucial; they are the
Aipartners in changeodo in this process (Organization).

»  The sooner the inhabitants and visitors of the urban area of Ramallah-AlBireh will be informed
about what will happen regarding public transport and when, the better. Websites, newspapers
and a flyer can be used to explain what the look and feel of the public transport will be.
Use a logo for recognition (Software).
An eye catcher will be a mock-up future vehicle on a central place in the city which will be open
for the public. Children can sit behind the steering wheel, others can try out the seats, judge the
colors etc. The effect will only be positive with questions and remarks like: WHEN IS IT COMING!
(Software).

»  The Feasibility studies as well as the other studies needed (detailed design of the corridors, the
terminals and the stops on the other internal lines, parking study and car circulation) must start
soon..

In Figure 32 the timeframe of measures and strategies are described, starting with the short term measures,
increasing to medium term and long term and ending with the various strategies which will start in 2021 and
continue until 2036. It should be noted that the plan would be operational in the first five years, and it would
continue upgrading over the 15-year horizon.

In Table 1 Time frame and strategies (mainly) the hardware projects are put in place in short, medium and
long term. For the different measures the costs are summarized.

11.1. Summary of the Plan

Short Term

On the short term (0-2 years), the plan should be approved by the relevant bodies and the JPTU as well as
the integrated urban transport committee should established. Parallel to this, the detailed follow-up studies
should be initiated. The JPTU should establish the indicated strategies (parking, pedestrian, legislation, etc.)
within two years, and this would be a continuous effort of reviewing and updating over the 15-year horizon.

Within the first 5 years, the following items should be established
»  Pedestrian infrastructure and design
»  Terminal design and partial construction including land acquisition and P+R.
»  Fleet purchase (for the first phase)
»  Bus stop and coverage (partial)
»  Flow measures (partial)
»  Central station/Urban accelerator (partial)
»  Information system (partial)
»  Ticketing and fare collection (partial)

Total estimated cost for the short term is $56,501,800.

Medium Term
On the medium term (6-10 years), several activities will continue from the short term phase. These include:
»  P+R (partial)
» Terminal, lines feeders and modes
»  Fleet purchase (for the second phase)
»  Bus stop and coverage
»  Flow measures
»  Central station/Urban accelerator
»  Information system
»  Ticketing and fare collection

Total estimated cost for the medium term is $35,337,000
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Long Term
On the long term (11-15 years), this is primarily a maintenance of the system established in the short and

medium terms. This includes:
» P+R
»  Fleet purchase (for the third phase)
Total estimated cost for the long term is $4,610,000.

The estimated cost for the overall is $96,448,800.
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2010 2021 2036
Technical and operational design Plan
2021 2022 2036
Feasibility Study
2021 2022 2036
Detailed designing of the Master Plan
2021 2022 2036
Parking Study
2021 2022 2036
e impact of the public transport measures on the car circulation
2021 2022 2036
Pedestrian infrastructure design
2021 2024 2036
Design ticketing and fare collection
2021 2024 2036
Design information system
2021 2026 2036
Design Multi modal hubs
2026
2021 2036
Establish responsible body taxis
2021 2026 2036
of the i urban port ¢
2021 2026 2036
P+R
2022 2032 2036
Central station / Urban accelerator =
2024 202
. 028 2036
Implementation of charging points
2024 2031 2036
Implementation of ticketing fare collection -
2024 2031 2036
Implement information system Be
2026 2036
Building Multi modal Hubs =
2026 2036
Implementation of flow measures .
2026 2036
Operation timeline the role taxis
2026 2036
Operation of a responsible body for local public transport organization -
2021 2036
Purchase new vehicles &
2021 2036
Fleet needed .
2021 2036
Bus Stop and coverage
2021 2036
Establishment of Parking Strategy o
2021 2036
Establishment of the Pedestrian Strategy N
2021 2036
of the L 8! =
2021 2036
Organizing the role of Taxis
2021 2036

Establish the technical and operational design

@ Parking Strategies
@ Pedestrian Strategies

@D Legislation Strategies
The Role of Taxis

@ Technical and Operational Design Strategies and Strategies

@D studies Needed

Figure 33: Timeframe Measures
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Table 1: Timeframe and strategies

Parking strategies

Establishment of the strategy

Local municipalities, police, PT

Organization

15 years
regulatory body and traffic committee y Software
P+R Local municipalities, police, PT Organization
regulatory body and traffic committee 1,200,000 | 1,200,000 | 2,400,000 5-15 years Software
Hardware
Pedestrian strategies [Establishment of the strategy [Local municipalities Organization
15 years
Software
Pedestrian infrastructure and [Local municipalities Design: 1 year
design 100,000 100,000 Implementation: 4 Hardware
years
Legislation Establishing the strate Municipalities and Ministry of
9 g a9y P i Organization
Transport 40,000 60,000 60,000 160,000 15 years
Software
Establishment of the Municipalities and Ministry of L
integrated urban transport Transport 10,000 10,000 5 years Organization
, ' ’ Software
committee
Establish a responsible body [Ministry, Local municipalities and PT 5 years to establish Organization
for local public transport regulatory 10,000 10,000 |10 years operational Sgo frware
organization timeline
The role of taxis Establish responsible body [Local municipalities, PT regulatory 2-5 years to establish Organization
body and private investor 10,000 10,000 |10 years operational
y and private inv : ' years operal Software
timeline
Technical and Establish the technical and  [Local municipalities, PT regulatory Organization
operational design operational design strategies |body and private investor 15 years Sgo frware
strategies
Technical and operational Local municipalities and Public Master plan —
. Organization
design transport body and consultant has been 2 years
- Software
finalized
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Terminal, lines feeders and

Local municipalities and Public

Design and land

modes transport body 28,144,300 21,314,000 49,458,800 acquisition: 2-5 years Hardware
Build 3-10 years
Fleet needed Public transport body and private
companies 25,750,000 9,800,000 | 3,350,000 | 38,900,000 15 years Hardware
Bus stop and coverage Local municipalities, private investor, 150,000
PT regulatory body (7,500 p/bus| 150,000 300,000 15 years Hardware
stop)
Flow measures Local municipalities, PT regulatory Design: 3 years
body 1,200,000 | 2,400,000 3,600,000 Implementation: Hardware
3-10 years
Central station/Urban Local municipalities, PT regulatory Software
accelerator body and police 187,500 187,500 375,000 10 years
Hardware
Information system Local municipalities, PT regulatory Design: 3 years
body and private investor 175,000 175,000 350,000 | Implementation: 5-7 Hardware
years
Ticketing and fare collection |Ministry of Transport, Local Design: 2-3 years
municipalities and PT regulatory body | 50,000 50,000 100,000 | Implementation: 5-7 Hardware
years
Other studies needed [Feasibility studies Local municipalities, police, PT
. . 150,000 150,000 1-2 year Software
regulatory body and traffic committee
Detailed designing of the Local municipalities, pollc_:e, PT . 250,000 250,000 1-2 year Software
Master Plan regulatory body and traffic committee
Parking study Local municipalities, pOlIF:e, PT . 150,000 150,000 1-2 year Software
regulatory body and traffic committee
'The impact of the public Local municipalities, police, PT
transport measures on the  |regulatory body and traffic committee | 125,000 125,000 1-2 year Software
car circulation
[Total cost (USD) 56,501,800| 35,337,000 | 4,610,000 | 96,448,800
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ANNEX 1: Operational overview in 0-5, 5-10 and 10-15 years

Table Al: Operational overview in 0-5 years

peak until 101_Coming in 19 2527 3.3 Bus 80 0.8 1.5 40 16 | 132.00
hour 10:00  Mo1_Comingout | 17 1881 3.3 Bus 80 0.8 2 30 11 | 99.00
am 107_Coming in 25 1532 3.2 Bus 80 0.8 2.5 24 12 76.80
107_Coming out 21 978 3.2 Bus 80 0.8 4 15 7 48.00

102_Coming in 17 1183 2.8 Bus 80 0.8 3 20 8 56.00

102_Comingut 15 1016 2.8 Bus 80 0.8 4 15 5 42.00

104a_Coming in 15 1813 2.6 Bus 80 0.8 2 30 10 78.00

104a_Coming out 13 1131 2.6 Bus 80 0.8 3.5 17 6 44.57

105_coming in 16 1381 25 Bus 80 0.8 3 20 7 50.00

105_coming out 13 724 25 Bus 80 0.8 55 11 4 27.27

103_Coming in 17 1344 3 Bus 80 0.8 3 20 8 60.00

103_Coming out 16 1131 3 Bus 80 0.8 35 17 6 51.43

104_Coming in 15 614 3.2 Bus 50 0.8 4 15 5 48.00

104_Coming out 14 520 3.2 Bus 50 0.8 4.5 13 5 42.67

106_Coming in 24 654 4.2 Bus 50 0.8 3.5 17 9 72.00

106_Coming out 17 400 4.2 Bus 50 0.8 6 10 4 42.00

not peak | 10:00 101_Coming in 19 1516 3.3 Bus 80 0.8 25 24 10 79.20
hour gg-' (;8 101_Comingout | 17 1129 33 Bus 80 0.8 35 17 7 | 5657
pm 107_Coming in 25 919 3.2 Bus 80 0.8 4 15 8 48.00
107_Coming out 21 587 3.2 Bus 80 0.8 6.5 9 4 29.54

102_Coming in 17 710 2.8 Bus 80 0.8 5.5 11 4 30.55

102_Coming out 15 610 2.8 Bus 80 0.8 6.5 9 4 25.85

104a_Coming in 15 1088 2.6 Bus 80 0.8 3.5 17 6 44.57

104a_Coring out 13 679 2.6 Bus 80 0.8 55 11 4 28.36

105_Coming in 16 829 25 Bus 80 0.8 4.5 13 5 33.33

105_Coming out 13 434 25 Bus 80 0.8 9 7 2 16.67

103_Coming in 17 806 3 Bus 80 0.8 5 12 5 36.00

103_Coming out 16 679 3 Bus 80 0.8 55 11 4 3273

104_Coming in 15 368 3.2 Bus 50 0.8 6.5 9 4 29.54

104_Coming out 14 312 3.2 Bus 50 0.8 7.5 3 25.60

106_Coming in 24 392 4.2 Bus 50 0.8 6 10 5 42.00

106_Coming out 17 240 4.2 Bus 50 0.8 10 6 3 25.20

afternoon | 02:00 101_Coming in 19 2022 3.3 Bus 80 0.8 2 30 12 99.00
rush hour gg‘_ot[‘)’ 101_Coming out 17 1505 3.3 Bus 80 0.8 25 24 9 | 79.20
pm. 107_Coming in 25 1226 3.2 Bus 80 0.8 3 20 10 | 64.00
107_Coming out 21 782 3.2 Bus 80 0.8 5 12 6 38.40

102_Coming in 17 946 2.8 Bus 80 0.8 4 15 6 42.00

102_Coming out 15 813 2.8 Bus 80 0.8 4.5 13 5 37.33
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104a_Coming in 15 1450 2.6 Bus 80 0.8 2.5 24 8 62.40
104a_Coming out 13 905 2.6 Bus 80 0.8 4 15 5 39.00
105_Coming in 16 1105 25 Bus 80 0.8 3.5 17 6 42.86
105_Comig out 13 579 25 Bus 80 0.8 6.5 9 3 23.08
103_Coming in 17 1075 3 Bus 80 0.8 3.5 17 7 51.43
103_Coming out 16 905 3 Bus 80 0.8 15 6 45.00
104_Coming in 15 491 3.2 Bus 50 0.8 5 12 4 38.40
104_Coming out 14 416 3.2 Bus 50 0.8 6 10 4 32.00
106_Coming in 24 523 4.2 Bus 50 0.8 4.5 13 7 56.00
106_Coming out 17 320 4.2 Bus 50 0.8 7.5 8 3 33.60

not peak | after 101_Coming in 19 1011 3.3 Bus 80 0.8 4 15 6 49.50
hour 06:00  "51 Comingout | 17 941 33 Bus 80 08 4 15 6 | 49.50
pm 107_Conmg in 25 766 3.2 Bus 80 0.8 5 12 6 38.40
107_Coming out 21 489 3.2 Bus 80 0.8 8 4 24.00
102_Coming in 17 592 2.8 Bus 80 0.8 6.5 4 25.85
102_Coming out 15 508 2.8 Bus 80 0.8 7.5 3 22.40
104a_Coming in 15 907 2.6 Bus 80 0.8 15 5 39.00
104a_Coming out | 13 566 2.6 Bus 80 0.8 7 9 3 22.29
105_Coming in 16 691 25 Bus 80 0.8 5.5 11 4 27.27
105_Coming out 13 362 25 Bus 80 0.8 10 6 2 15.00
103_Coming in 17 672 3 Bus 80 0.8 5.5 11 4 32.73
103_Coming out 16 566 3 Bus 80 0.8 9 3 25.71
104_Coming in 15 307 3.2 Bus 50 0.8 8 3 24.00
104_Coming out 14 260 3.2 Bus 50 0.8 7 3 21.33
106_Coming in 24 327 4.2 Bus 50 0.8 7.5 8 4 33.60
106_Coming out 17 200 4.2 Bus 50 0.8 10 6 3 25.20
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Table A2: Operational overview in 5-10 years

peak until 101_Coming in 19 3576 3.3 Bus 80 0.8 1 60 24 | 198.00
hour 10:00  "j01_Comingout | 17 3051 3.3 Bus 80 0.8 15 40 15 | 132.00
am 107_Coming in 25 2496 3.2 Bus 80 0.8 15 40 20 128.00
107_Coming out 21 1461 3.2 Bus 80 0.8 25 24 11 76.80

102_Coming in 17 1324 2.8 Bus 80 0.8 3 20 8 56.00

102_Coming out 15 1112 2.8 Bus 80 0.8 3.5 17 6 48.00

104a_Coming in 15 1096 2.6 Bus 80 0.8 3.5 17 6 44.57

I04a_Coming out | 13 636 2.6 Bus 80 0.8 6 10 3 26.00

105_Coming in 16 1050 25 Bus 80 0.8 3.5 17 6 42.86

105_Coming out 13 649 25 Bus 80 0.8 6 10 3 25.00

103_Coming in 17 1180 3 Bus 80 0.8 3.5 17 7 51.43

103_Coming out 16 563 3 Bus 80 0.8 7 9 3 25.71

104_Coming in 15 686 3.2 Bus 50 0.8 3.5 17 6 54.86

104_Coming out 14 615 3.2 Bus 50 0.8 4 15 5 48.00

106_Coming in 24 1260 4.2 Bus 50 0.8 2 30 15 | 126.00

106_Coming out 17 893 4.2 Bus 50 0.8 25 24 9 100.80

not peak | 10:00 101_Coming in 19 2146 3.3 Bus 80 0.8 2 30 12 99.00
hour g%g 101_Comingout | 17 1831 33 Bus 80 0.8 2 30 11 | 99.00
pm 107_Coming in 25 1498 3.2 Bus 80 0.8 2.5 24 12 76.80
107_Coming out 21 877 3.2 Bus 80 0.8 45 13 6 42.67

102_Coming in 17 794 2.8 Bus 80 0.8 5 12 5 33.60

102_Coming out 15 667 2.8 Bus 80 0.8 6 10 4 28.00

104a_Coming in 15 658 2.6 Bus 80 0.8 6 10 4 26.00

I04a_Coming out | 13 382 2.6 Bus 80 0.8 10 6 2 15.60

105_Coming in 16 630 25 Bus 80 0.8 6 10 4 25.00

105_Coming out 13 389 25 Bus 80 0.8 10 6 2 15.00

103_Coming in 17 708 3 Bus 80 0.8 5.5 11 4 32.73

103_Coming out 16 338 3 Bus 80 0.8 10 6 3 18.00

104_Coming in 15 412 3.2 Bus 50 0.8 6 10 4 32.00

104_Coming out 14 369 3.2 Bus 50 0.8 6.5 9 3 29.54

106_Coming in 24 756 4.2 Bus 50 0.8 3 20 10 84.00

106_Coming out 17 536 4.2 Bus 50 0.8 4.5 13 5 56.00

afternoon | 02:00 101_Coming in 19 2861 3.3 Bus 80 0.8 15 40 16 132.00
rush hour gggg 101_Comingout | 17 2441 33 Bus 80 0.8 1.5 40 15 | 132.00
pm 107_Coming in 25 1997 3.2 Bus 80 0.8 2 30 15 96.00
107_Coming out 21 1169 3.2 Bus 80 0.8 35 17 8 54.86

102_Coming in 17 1059 2.8 Bus 80 0.8 3.5 17 7 48.00

102_Coming out 15 890 2.8 Bus 80 0.8 4.5 13 5 37.33

104a_Coming in 15 877 2.6 Bus 80 0.8 45 13 5 34.67

I04a_Coming out | 13 509 2.6 Bus 80 0.8 7.5 8 3 20.80

105_Coming in 16 840 2.5 Bus 80 0.8 4.5 13 5 33.33

105_Coming out 13 519 25 Bus 80 0.8 7.5 8 3 20.00
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103_Coming in 17 944 3 Bus 80 0.8 4 15 6 45.00
103_Coming out 16 450 3 Bus 80 0.8 8.5 7 3 21.18
104_Coming in 15 549 3.2 Bus 50 0.8 4.5 13 5 42.67
104_Coming out 14 492 3.2 Bus 50 0.8 5 12 4 38.40
106_Conmng in 24 1008 4.2 Bus 50 0.8 2.5 24 12 100.80
106_Coming out 17 714 4.2 Bus 50 0.8 3.5 17 7 72.00

not peak | after 101_Coming in 19 1430 3.3 Bus 80 0.8 25 24 10 79.20
hour 06:00 o1 Comingout | 17 1220 3.3 Bus 80 0.8 20 8 | 66.00
pm 107_Comingn 25 998 3.2 Bus 80 0.8 15 8 48.00
107_Coming out 21 584 3.2 Bus 80 0.8 6.5 9 4 29.54
102_Coming in 17 530 2.8 Bus 80 0.8 7.5 8 3 22.40
102_Coming out 15 445 2.8 Bus 80 0.8 8.5 7 3 19.76
I04a_Coming in 15 438 2.6 Bus 80 0.8 9 7 3 17.33
I04a_Coming out | 13 254 2.6 Bus 80 0.8 10 6 2 15.60
105_Coming in 16 420 25 Bus 80 0.8 9 7 3 16.67
105_Coming out 13 260 25 Bus 80 0.8 10 6 2 15.00
103_Coming in 17 472 3 Bus 80 0.8 8 8 3 22.50
103_Coming out 16 225 3 Bus 80 0.8 10 6 3 18.00
104_Coming in 15 274 3.2 Bus 50 0.8 8.5 7 3 22.59
104_Coming out 14 246 3.2 Bus 50 0.8 10 6 2 19.20
106_Coming in 24 504 4.2 Bus 50 0.8 5 12 6 50.40
106_Coming out 17 357 4.2 Bus 50 0.8 6.5 9 4 38.77
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Table A3: Operational overview in 10-15 years

peak hour | until 101_Coming in 19 4272 3.3 Bus 80 0.8 60 24 | 198.00
10:00am 01 Coming out | 17 3731 33 Bus 80 0.8 60 22 | 198.00
107_Coming in 25 2418 3.2 Bus 80 0.8 15 40 20 | 128.00

107_Coming out 21 2152 3.2 Bus 80 0.8 30 13 | 96.00

102_Coming in 17 1289 2.8 Bus 80 0.8 20 8 56.00

102_Coming out 15 1081 2.8 Bus 80 0.8 35 17 6 48.00

104a_Coming in 15 1949 2.6 Bus 80 0.8 2 30 10 78.00

104a_Coming out 13 1688 2.6 Bus 80 0.8 2.5 24 8 62.40

105_Coming in 16 1195 25 Bus 80 0.8 3 20 7 50.00

105_Coming out 13 1319 25 Bus 80 0.8 20 6 50.00

103_Coming in 17 1300 Bus 80 0.8 20 8 60.00

103_Coming out 16 1542 3 Bus 80 0.8 2.5 24 9 72.00

104_Coming in 15 635 3.2 Bus 50 0.8 15 5 48.00

104_Coming out 14 583 3.2 Bus 50 0.8 15 5 48.00

106_Coming in 24 1316 4.2 Bus 50 0.8 2 30 15 | 126.00

106_Coming out 17 878 4.2 Bus 50 0.8 25 24 9 100.80

not peak | 10:00 am | I101_Coming in 19 2563 3.3 Bus 80 0.8 15 40 16 | 132.00
hour ©002:00  ["101 Comingout | 17 2239 3.3 Bus 80 0.8 15 40 15 | 132.00
L 107_Coming in 25 1451 3.2 Bus 80 0.8 25 24 12 76.80

107_Conmg out 21 1291 3.2 Bus 80 0.8 3 20 9 64.00

102_Coming in 17 773 2.8 Bus 80 0.8 12 5 33.60

102_Coming out 15 649 2.8 Bus 80 0.8 10 4 28.00

104a_Coming in 15 1169 2.6 Bus 80 0.8 3.5 17 6 44.57

I04a_Coming out | 13 1013 2.6 Bus 80 0.8 4 15 5 39.00

105_Coming in 16 717 2.5 Bus 80 0.8 55 11 4 27.27

105_Coming out 13 791 25 Bus 80 0.8 5 12 4 30.00

103_Coming in 17 780 Bus 80 0.8 5 12 5 36.00

103_Coming out 16 925 Bus 80 0.8 15 6 45.00

104_Coming in 15 381 3.2 Bus 50 0.8 6.5 4 29.54

104_Coming out 14 350 3.2 Bus 50 0.8 3 27.43

106_Coming in 24 790 4.2 Bus 50 0.8 20 10 84.00

106_Coming out 17 527 4.2 Bus 50 0.8 4.5 13 5 56.00

afternoon | 02:00 pm | 101_Coming in 19 3418 3.3 Bus 80 0.8 1 60 24 | 198.00
rush hour | 10 06:00 o1 Comingout | 17 2985 3.3 Bus 80 0.8 15 40 15 | 132.00
al 107_Coming in 25 1934 3.2 Bus 80 0.8 30 15 96.00
107_Coming out 21 1722 3.2 Bus 80 0.8 30 13 96.00

102_Coming in 17 1031 2.8 Bus 80 0.8 35 17 7 48.00

102_Coning out 15 865 2.8 Bus 80 0.8 4.5 13 5 37.33

104a_Coming in 15 1559 2.6 Bus 80 0.8 2.5 24 8 62.40

I04a_Coming out | 13 1350 2.6 Bus 80 0.8 3 20 6 52.00

105_Coming in 16 956 2.5 Bus 80 0.8 15 6 37.50

105_Coming out 13 1055 2.5 Bus 80 0.8 35 17 6 42.86
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103_Coming in 17 1040 Bus 80 0.8 35 17 7 51.43
103_Coming out 16 1234 Bus 80 0.8 3 20 7 60.00
104_Coming in 15 508 3.2 Bus 50 0.8 4.5 13 5 42.67
104_Coming out 14 466 3.2 Bus 50 0.8 5 12 4 38.40
106_Coming in 24 1053 4.2 Bus 50 0.8 2.5 24 12 100.80
106_Coming out 17 702 4.2 Bus 50 0.8 3.5 17 7 72.00
not peak | after 101_Coming in 19 1709 3.3 Bus 80 0.8 2 30 12 99.00
hour 06:00 Pm o1 Coming out | 17 1492 3.3 Bus 80 0.8 2.5 24 9 | 79.20
107_Coming in 25 967 3.2 Bus 80 0.8 4 15 8 48.00
107_Coming out 21 861 3.2 Bus 80 0.8 4.5 13 6 42.67
102_Coming in 17 516 2.8 Bus 80 0.8 7.5 3 22.40
102_Coming out 15 432 2.8 Bus 80 0.8 3 18.67
104a_Coming in 15 780 2.6 Bus 80 0.8 12 4 31.20
104a_Coming at 13 675 2.6 Bus 80 0.8 5.5 11 4 28.36
105_Coming in 16 478 2.5 Bus 80 0.8 8 3 18.75
105_Coming out 13 528 25 Bus 80 0.8 7.5 8 3 20.00
103_Coming in 17 520 Bus 80 0.8 7.5 8 3 24.00
103_Coming out 16 617 Bus 80 0.8 6 10 4 30.00
104_Coming in 15 254 3.2 Bus 50 0.8 9.5 6 3 20.21
104_Coming out 14 233 3.2 Bus 50 0.8 10 6 2 19.20
106_Coming in 24 526 4.2 Bus 50 0.8 4.5 13 7 56.00
106_Coming out 17 351 4.2 Bus 50 0.8 7 9 4 36.00
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ANNEX 2: Layout options for bus lanes
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Option 1: Two-bus lanes and one car lane
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