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Foreword

The manual is intended for use by new transit staff, as well as seasoned
professionals who want to review key concepts and best practices in the transit
industry. The manual consists of two sections: Transit Planning and Transit
Scheduling. It covers material for performing essential transit tasks. Although the
focus is on the bus mode, the material also includes discussions that involve other
transportation modes. Using detailed descriptions of typical work tasks, the manual

can assist with the intricacies of transit planning and scheduling.

We believe that the availability and wide use of this manual will be a valuable
contribution to the transportation industry and help transit professionals become
more productive and effective in fulfilling their professional responsibilities. The
training manual is versatile and can easily be adapted and tailored to specific
training contexts.

We hope that you enjoy this manual and encourage you to provide feedback so that

we can further improve and update the manual in future editions.

Fabian Cevallos, Ph.D.

Transit Program Director

Associate Research Professor

Lehman Center for Transportation Research
Department of Civil and Environmental Engineering
Tel: 305-348-3144 | Fax: 305-348-2802

Email: fabian.cevallos@fiu.edu
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Introduction

Public transportation, also called mass transit, or transit, is a shared surface
transportation mode that provides mobility for the general public. It carries a higher
number of passengers than automobiles, is more energy-efficient, produces a lower
Impact on the environment, promotes sustainable development, and supports
economic growth. Considering that transit is a labor-intensive service with expenses
that can add up quickly, there is a need for efficiency in planning and scheduling.
Transit planners and schedulers play a key role in the delivery of transit services.
Their tasks and assignments, when done well, can improve the efficiency and
quality of transit service. Hence, there is a need for a practical manual that includes
key concepts for assisting transit professionals in performing the job efficiently and

effectively.

This manual is intended to provide the basic principles, methods, concepts and
techniques for transit planners and schedulers. It is envisioned to serve as a
guidance manual for many different users at transit agencies, consulting
companies, and at universities for educational purposes. This manual is composed
of two main parts: planning and scheduling. The planning portion of the manual
emphasizes the process of exploring a number of opportunities for providing an
efficient public transit service. It focuses on techniques that can help optimize the
delivery of a sustainable transit service, based on existing conditions and available
resources. The scheduling portion of the manual, on the other hand, accentuates
the process where public transit vehicles are assigned at specific times to be at
specific locations along a route. Each part of the manual contains several sections
that cover specific topics related to its respective subjects to facilitate the utilization

of this manual. For instance, the transit scheduling part of this manual covers many




different aspects of transit scheduling, including external factors such as union

contracts that the scheduler should consider when implementing a transit schedule.

This transit manual is also intended to help its users stimulate innovative thinking
and foster career development. The manual stresses the integration of service
planning and scheduling. The service planner must understand the fundamentals
of scheduling, as the schedulers need to be familiar with the service planning
process. Itis important that service planners and schedulers interact with each other
through the entire service and schedule development process rather than being two
disconnected functions. References and a glossary of terms are included at the end
of the manual to provide information on useful transit documents and common key

term definitions.
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Transit Service Planning

The Transit Service Planning section engages in step-by-step procedures as
follows:

A. Introduction: What is Transit Planning?

Transit Service Planning or Transit Planning is a key management function involving
the formulation of one or more detailed plans to achieve the optimum balance of
needs or demands with the available resources. The planning process identifies the
goals or obje’ctives to be achieved, formulates strategies to achieve them, arranges
or creates the means required, and implements, directs, and monitors all steps in
the proper sequence. It also can be the control of development by a local authority,
through regulation and licensing for land use changes and construction. Planning
increases the efficiency of an organization, reduces the risks involved in modern
business activities, and facilitates the evaluation of available time and resources.
The Plan-Do-Check-Act Cycle (PDCA) depicted in Figure 1 is a four-step model

commonly used in the planning process.

Transit and Transportation Planning

Transit service planning, transit operations planning, or transit planning is the
professional discipline responsible for developing public transport systems. It is a
hybrid discipline involving aspects of transportation engineering and

traditional urban planning. Many transit planners find themselves involved in

1



discussions about urban land use and transportation issues such as transit-oriented

w—

Act Plan

development.

Check Do

s

Figure 1 - PDCA Cycle for Planning

Transit planning is part of the transportation planning process that deals with many

modes, as graphically depicted in Figure 2.

LILY.

Figure 2 - Transit Modes (Source: PlanltMetro)

Transit planners may be involved in different transport modes such as Bus, Bus
Rapid Transit (BRT), Streetcars, Light Rail Transit (LRT), Commuter Rail, Heavy Rall,
Paratransit, Pedestrian, Bicycle, and other less common modes like People Movers

or Monorails. This manual focuses on the bus mode, which is the most common




form of public transit in the United States (2013 National Transit Summaries and

Trends, National Transit Database (NTD)).

Transportation decisions need to be made in an environmentally sensitive manner,
using a comprehensive planning process that includes the public, and considers
land use, development, safety, and security. Transportation planners in general
undertake a comprehensive analysis and evaluation of the potential impact of
transportation plans and programs while addressing the aspirations and concerns
of society. Planners examine past, present, and prospective trends and issues
associated with the demand for the movement of people and goods at local, state,

national, and international levels.

Transportation planning is a cooperative process designed to foster involvement by alll
users of the system, such as businesses, community groups, environmental
organizations, the traveling public, transportation operators, and the general public,
through a proactive public participation process. In urbanized areas, the transportation
planning process is conducted by a Metropolitan Planning Organization, in cooperation
with the State Department of Transportation and transit providers. In rural areas, the
transportation planning process can be carried out by the State, in cooperation with

local officials in non-metropolitan areas and transit providers.

Transportation planning plays a fundamental role in a state, region, or a community’s
vision for its future. It includes a comprehensive consideration of possible strategies, an
evaluation process that encompasses diverse viewpoints, the collaborative
participation of relevant transportation-related agencies and organizations, and open,

timely, and meaningful public involvement.

Long-Range Transportation Plan

The Long-Range Transportation Plan (LRTP), with a horizon of over 10 years, identifies
future needs based on population projections and travel demand. The LRTP can be

updated every year to reflect the changing dynamics of the region. To receive federal

3



funding, projects must be included in the LRTP. Creating a long-range transportation
plan usually involves two key elements: the technical process and the public

Involvement process.
The technical process involves three phases, as follows:

1) Developing transportation models that will be used to project future travel

demands.
2) ldentifying the broad transportation needs and available funding options.

3) Producing a list of projects that are financially feasible by prioritizing current
and future transportation needs, which are identified during the planning

process.

The long-range planning process also includes community feedback. The agency’s
governing board takes into consideration public input, as well as the recommendations

of transportation planners for the adoption of the LRTP.

LRTP projects address long-term transportation issues. However, there is no guarantee
that all projects will be built. Transportation projects in the long-range transportation
plan require considerable analysis and funding commitments before moving forward

to environmental assessment, preliminary design, final design, and construction.

The LRTP considers all modes of transportation, including highways, bus, rail, bicycle,
pedestrian, ports, and air. The LRTP not only outlines the region's long-range
transportation vision, but it also lists projects that the region anticipates to undertake in
the future. The LRTP includes a list of projects that are critical to the region and require
allocation of funding. Additionally, this list of transportation projects must be financially
feasible, meaning that the organization cannot plan more than the existing or expected

funding.




Medium-Range Transportation Plan

The Medium-Range Transportation Plan (MRTP) has similar goals and objectives in
regards to the transportation system as the Long-Range Transportation Plan. The key
areas are as follows:

e Livability: To minimize the impact of transportation on the quality of life.

e Economic development: To ensure that a transportation system supports and

promotes economic development.

e Land development interaction: To ensure that the transportation system is

compatible with land use and promotes regional development.

e Social equity: To ensure the equitable distribution of transportation services and

Costs.

e System performance: To maintain the effectiveness and quality of the

transportation service provided to the user.

e System implementation: To ensure effective management of the regional

transportation system.

e Public accountability: To ensure effective participation of the public in the

transportation planning process.

Medium-Range Transportation Plans cover a horizon of three to ten years. Figure 3
depicts Planning Pyramid of the commonly used time periods for the different plans:

long-range, medium-range, and short-range.




Figure 3 - Planning Pyramid

The Medium-Range Transportation Plan offers guidance in developing
transportation policies, services, and infrastructure. It borrows information from and
Is consistent with the LRTP. Long-range planning documents identify projects,
strategies, and transportation needs. Mid-range programming documents contain
a listing of prioritized projects that are expected to be ready for implementation in

the programmed years.

Projects in the Medium-Range Transportation Plan are generally found in the early
stages of the planning process. Most of these projects originate in congestion or
safety studies; some will have advanced to the environmental and engineering
analysis stage. In most cases, specific funding requirements for projects in this

phase are considered preliminary.

Short-Range Transportation Plan

The Short-Range Transportation Plan (SRTP) is what transit planners are most
familiar with. It typically involves preparing a list of potential routes and service levels
up to a period of three years. This can include the addition or elimination of routes,
changes in route frequency or alignment, or changes in service span. Of course, any

route or schedule changes are limited by the financial costs, in comparison with the
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expected agency operational funding available for the given period. The purpose of
the SRTP is to establish a coordinated action strategy to guide future investments,

monitor progress, and respond to changing conditions.

Unfortunately, in many cases, economic conditions require that changes involve
service cuts or fare increases. In situations like this, transit planners use specific

strategies to minimize ridership losses due to service cuts or fare increases.

Because public transit agencies struggle with the competing goals of generating
revenues by increasing ridership and providing mobility to all areas in the
community (even areas with low ridership), the job of a transit planner is not easy.
It is difficult to focus on providing transportation to those with no other choice, and
at the same time, attempt to be competitive. Service planning is frequently amplified
by political interference in the transit planning process, which often forces transit
agencies to operate an inefficient bus service, which can have a negative impact

on the transit agency’s budget.

Service Planning

Service planners are responsible for developing routes and networks of routes for
transit systems. This may follow one or more models, depending on the
characteristics of the communities they serve. For example, in traditional urban
areas, a system may attract enough ridership to support high frequencies of service.
In less densely developed areas, transit service may operate somewhat
infrequently. Transit service planners concentrate on short-term planning issues,
and their work Is interconnected with the work of schedulers. Transit service
planners also deal with other tasks such as providing input for budgeting and cost

analysis to offer the best transit service based on available resources.

Ridership data, either collected by surveyors or transit checkers that manually ride
the bus routes and record the data, or collected by Automated Passenger Counter

(APC) systems, are extensively used by transit planners to ensure that agency
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resources are used in the most efficient way possible. In addition to ridership data,
planners also use demographic and geographic data, often utilizing software such
as Geographic Information Systems (GIS) to identify opportunities for new routes

and service improvements.

The delivery of an efficient and effective transit service is one of the main goals that
public transportations agencies strive to achieve. To attain this goal, public transit
agencies must design their services around clear and well-defined principles, as well
as around a process to monitor the results achieved, and respond accordingly. This
requires service design standards, an effective performance measurement system, and
a systematic and continuous service evaluation methodology. The service planning
process is a loop that begins with addressing the objectives of the governing entity to

developing the service plan, and executing the operations plan (Figure 4).

Figure 4 - Service Planning Process

From the gathering of initial data such as bus ridership, population and density changes,
and new developments, to the ongoing ridership and transit trip times, transit planning

Is a fascinating but complicated field. As the main focus of this manual is on bus transit




service planning and scheduling, there is information that can help with decisions, such
as where routes should go, where bus stops should be placed, how often the routes
should operate, how schedules are written and bus driver runs assigned, and how to
reduce service when economic conditions arise. The process of planning and

designing a public transit service is called “service planning.”

There are a number of interrelated activities commonly associated with service

planning and scheduling:
e Network design
e Route design and stop layout
e Service level determination
e Timetabling
e Vehicle scheduling
e Crew scheduling

These activities are ordered in terms of a general sequence in time and depend on
higher-level activities. The general design of a transit network is the highest level activity,
undertaken only rarely or when major new systems (e.g., rail or express bus service) are
introduced. The network design then feeds an element of route design and stop layout,
in which more specific physical facilities for the routes and stops or stations are
implemented. Once routes are in place, the frequency and span of service may be
determined, and a timetable for vehicle trips along the route can be constructed. Once
the timetable is created, schedules for vehicles on the route and throughout the network
can be created. Finally, work shifts for operators can be generated, and the operators

are assigned to their weekly work schedule.




The first activities in the network and route design and frequency determination tend to
be more strategic in nature and may only be considered less frequently by transit
planners. These decisions tend to be driven in part by political and budget
considerations, and as such may require careful and strategic thinking on the part of

transit planners.

The activities of timetabling and vehicle and crew scheduling are considered more
tactical decisions, as these decisions are made as often as the transit agency may
consider reviewing or changing schedules. In many cases, these tactical activities are
assisted by software tools that can generate high quality solutions in a short period of
time, often with direct interaction between schedulers and planners. These topics are

discussed in Chapter 2 in the Transit Scheduling section.

Major Functions of a Transit Service Planner
Meet Agency Goals and Objectives

Transit agencies are increasingly incorporating a performance-based approach to
their transportation planning to support agency goals and objectives. Therefore,
service planners must develop strategies to ensure that the goals and objectives of

the agency are met.

The transit service planner must perform a thorough assessment of the service
provided to identify areas of improvement. Following service standards, the planner
must evaluate the service using performance measures. Furthermore, the planner
must know what kind of data is needed, how to collect or obtain the data, and how
to use the data to comply with service standards and to develop solutions to

problems, as well as present ideas for service improvements.

The planning process is linked to all key organizational processes such as
budgeting, capital programming, and performance measurement. Therefore, it is

important that the service planner have a good understanding of the agency’s short-
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and long-term goals and objectives, and keep a global perspective in the decision-

making and priority setting during the planning process.

Table 1 provides guidance on performance-based planning that can help agencies
meet their goals and objectives. Based on the established performance measures,
some strategies can be selected for allocation of resources and implementation. This

needs to be continuously monitored to evaluate the performance of the agency.

Table 1 - Performance-Based Planning

* Goals are broad statements that describe a desired end state, while objectives are the
specific and measurable means for achieving the goals; together they define the
agency'’s priorities and provide the foundation for the rest of the process.

¢ Performance measures should be identified with stakeholder support, particularly those
that will be providing data or will be monitored. Performance measures, which include
service standards, may need to be adjusted to reflect what information is available or
can reasonably be collected.

¢ Quantifiable targets allow an agency to track the progress toward goals more specifically.

e How agencies approach attainment of performance targets, goals, and objectives will
depend on the agency's priorities and allocated resources. The agency's budget
influences the strategies used to provide service to the public.

¢ This Implementation of strategies can be done by the agency itself or by a consultant.
Transit planning and scheduling often take the lead in this process.

¢ There should be feedback loops in place that allow for the evaluation of projects based
on their performance and achievement of objectives. Service monitoring provides
important feedback to planners on the performance of the service.
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Service Requests

It is iImportant to review and analyze service requests from various sources, including
the riding and non-riding public, operations, and stakeholders. In order to attract transit
users, the transit agency must listen to its customers and the non-riding public. In
addition, the following characteristics need to be considered:

e Concentrated trip ends: Activities related to transit should be located close to

transit stations or stops.

e Quality access system: Provide safe, direct, and easy access to transit for
pedestrians, bicyclists, and automobile users. It should also minimize distances

from transit vehicles to buildings or from transit stops to destinations.

e Transit-oriented street patterns: Allow through routing, direct service, and few

turns. Controlling automobile traffic can be done if necessary.

e Market orientation: Services are designed to maximize customer satisfaction and
needs. Operate directly between origins and destinations without transfers for
major ridership patterns, convenient schedules, competitive prices, clean,

comfortable vehicles, and good user information and customer service.

Services should be designed to meet the needs of customers. User-oriented transit

means that there is:

e Direct service from the user’s trip origin to destination
e No transfers, or no more than one transfer, if possible
e Schedules that match customer needs

e Reasonable costs

e (Good access on both ends of the trip
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Development and Updating Service Standards

The dynamic nature of development and changing travel markets in the service area
requires constant review of transit services, such as service expansion or service
reduction options. A transit service planner must be able to rationally evaluate service
changes and make adjustments to services within the budget constraints and available
resources. The service standards are guidelines for resource allocation decisions. In
general, transit service planning encompasses the design of service standards and

performance measurements to evaluate the service, as depicted in Figure 5.

Figure 5 - Transit Service Planning

Five key measures that have the greatest influence on service design are:

e Coverage
e Span of service
e Frequency of service

e Passenger flow




e Minimum productivity

Transit service standards are policies that are used to make decisions about where
transit vehicles should run and how often. They form the basis of professional
recommendations regarding routing and service proposals. The application of service

standards has two major advantages:

e |dentifies the best use of limited resources by comparing different alternatives for

these resources.

e |eads to a fair, equitable, open, and objective comparison of all requests and

proposals from the general public, elected officials, and staff.

This manual outlines the standards and guidelines applied by most transit agencies,
along with the process by which these standards are used to evaluate service changes.
In order to provide a high level of transit service that is affordable to passengers and
taxpayers, tradeoffs are required between the costs and the benefits achieved by
providing the service. Service standards provide a formal mechanism for making these
types of tradeoffs in an objective and equitable way. This process can involve both a
continuous monitoring of services and annual reviews for possible changes. It allows
for input from the general public and elected officials, and ensures that all service

changes and proposals are treated fairly and equitably.

Collect and Analyze Data

Atransit planner needs to take into account a large number of variables in order to make
good decisions about the type of service the transit agency will operate in the future. In
recent years, the types and amount of data available to transit planners has grown
considerably, although some smaller systems still continue to collect data manually.
Many planners now have demographic data (from the United States Census and
American Community Survey), geographic data (from software such as ArcGlIS),

running time and schedule adherence data (from Automatic Vehicle Location systems),
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passenger count data (from Automated Passenger Counting systems), and additional
information from advanced fare collection systems or other systems. In some cases, the
amount of data accessible to planners has become so vast that it is almost impossible
to sort through everything. Because of the volume of data, it is important that planners
spend their time wisely on the data that is most useful and relevant to what they are

trying to accomplish.

Before the advent of technology, most transit planning decisions were based on the
personal experience of transit professionals, many of whom spent years in the transit
industry. Smaller systems that do not have access to data sources may continue to rely
on this method as their primary source of information. Even with systems that can afford
the latest gadgets in transit technology, personal observations of experienced staff
should continue to play an important role in transit planning. Personal experience from
different subjects allows planners to quickly identify the required datasets to address
particular issues. Experience also helps to quickly detect errors in data collection or data

outputs.

Data sources can provide good information about the transit service. For instance, the
AVL system can help determine why a bus on a particular trip is consistently late. Is it
late because there is not enough running time on that trip, or is it because the operator
is driving too slowly? Personal observations and manual data collection are still
important when there are no data available to address a particular issue or the data is
suspicious. For example, transit agencies that acquire new passenger counters may
want to continue collecting data manually until the accuracy of the automated data is

validated and trusted.

Another source of information that transit planners should consider when creating or
modifying routes and schedules is the input from other people. This input could come
from members of the community and transit riders, or it could also come from peers
from other transit agencies or from other employees, like bus operators and supervisors.

They can all provide valuable information like the location of bus stops, bus punctuality,

15



or analyzing key performance measures. Since they are on the roads, drivers and
supervisors can also offer valuable input. They can provide personal observations on

the reasons why buses are late or identify issues at stops or stations.

Finally, community outreach is very important. Therefore, a plan should be developed
to periodically seek feedback from the public. This can give the public the opportunity
to voice their opinions on the current service provided and on expected service
improvements in the future. Common topics that can be discussed in public meetings
include route and schedule modifications, fare changes, funding needs, introduction of
new transit modes, or the willingness to pay more taxes to support a transit initiative or

fund the transit agency.

Measure Performance vs. Standards
Performance measures are used by transit agencies for three main reasons:

e They are required
e They are useful
e Others outside the agency need to know what is going on

As illustrated in Table 2, reporting, improvements, and communication are the three
major reasons for performance measurement. Performance measurement data
provide transit agency management with objective assessments of current
circumstances, past trends, existing concerns, and unmet needs. Key management use

of a performance measurement system includes:
e Service monitoring
e FEvaluation of system performance

e Service and policy changes
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Table 2 - Reasons for Performance Measurement

Reporting

Reporting and regulatory requirements will dictate a
certain number of performance measures that must be
reported. The measures that agencies are required to
collect and report to the National Transit Database serve
as examples of these requirements.

Improvement

Agencies collect other measures to help identify how
well a service is being provided to their customers, the
areas where improvements may be needed, and the
effects of actions previously taken to improve
performance. In these cases, agencies use performance
measures to help provide service as efficiently as
possible, monitor whether agency and community goals
are being met, and gradually improve service so that it
attracts new riders. Changes in policies, procedures, and
planning can result from an understanding and
appraisal of certain measures.

Communicating

Finally, decision-making bodies, such as transit boards
and funding bodies, need to have access to accurate
information to help them make decisions on where and
when service should be provided, as well as to support
actions designed to improve performance. The public is
also interested in knowing how well a service is being
provided and may need convincing that transit provides a
valuable service for them, for someone they know, or for
the community as a whole.

Gain Approval of Management and Stakeholders

A stakeholder is anyone affected by the project or has a stake in its outcome. This
includes property owners, business owners, state and local officials, community groups,
transit riders and non-riders that utilize the service or facility. Proactive and early public
involvement in the transit planning process is an obligation of government agencies,
not only because of the law, but because when properly conducted, public involvement
results in an improved solution, with increased chances for ultimate implementation.

Public involvement in the decision-making process requires agency leadership,
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creative thinking and persistence, as it can be full of surprises, as well as a source of
occasional delay. However, in the long run, addressing public concerns throughout the
process legitimizes the final solution and concludes with considerably more popular

and sustainable results.
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B. Agency Goals and Objectives

Goals are observable and measurable end results having one or more objectives to
be achieved within a more or less fixed timeframe. Objectives are specific results
that a person or system aims to achieve within a time frame and with available
resources. In general, objectives are more specific and easier to measure than
goals. They are basic tools that underlie all planning and strategic activities, and
serve as the basis for creating policies and evaluating performance. Some
examples of business objectives include reducing costs, expanding service, and
increasing revenue. Unlike goals, objectives are specific, measurable, and have a
defined completion date. They are more specific and outline the “who, what, when,

where, and how” of reaching goals.

Provide Measurable Criteria to Evaluate Service Objectively

The purpose of service standards is to ensure that the service meets customers’
needs, and that service is provided in a cost-effective manner. Table 3 presents
some of the fundamental goals, and the associated objectives provide context for

the service guidelines.

The most common goal of transit agencies is to provide the highest quality transit
service to its users at an affordable cost. Figure 6 provides an example of transit
goals and objectives. The quality of a transit system may be affected by many
factors such as reliability, affordability, accessibility, and safety. Commonly,
agencies develop and use their own service standards that will best fit their strategic
and business plans. This identifies the goals and objectives for the planning process
and relevant transit standards and performance measures. It considers a number
of data elements from different sources such as service area characteristics, transit
network, transit routes, stations and stops, transfers, operating costs, revenue
sources, and ridership. Guidance is provided on how to analyze and use collected

data and determine compliance with established service standards.
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Table 3 - Sample Agency’s Goals and Objectives

» Design a cost-effective transit service that
supports both existing and emergent origin-
destination patterns.

* Enhance the key bus networks to ensure critical
regional mobility and ensure all neighborhoods
have access to the service.

* Apply a cost-effectiveness standard while
recognizing the special needs of various customer
groups.

e Distribute services and customer amenities based
on ridership, equity, and geographic balance.

e Address customer and community service needs
and requests in a consistent, fair and thorough
manner by better engaging local communities in
the service planning and delivery process.

e Formulate a firm service evaluation process that
addresses reviewing, proposing, receiving,
screening, evaluating, recommending, and
approving service changes.

® Encourage intermodal services and connections
that maximize the trip-making options available to
customers.

» Develop sustainable service that supports the
region’s development plans and initiatives.

In cases where no standards exist, guidance on developing service standards will
be provided. Furthermore, concepts are introduced to estimate the demand,

calculate operating costs, and prepare service changes. As discussed in the TCRP
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Report 100 titled “Transit Capacity and Quality of Service,” transit quality of service is

measured by two important factors:

1. The degree to which transit service is available at given locations.

2. The comfort and convenience of the service provided to transit users.

Provide a methodology for an efficient and equitable
planning, designing, implementing, operating, and
evaluating of transit services within available resources.

\
Develop a consistent process for improving
transit service by considering potential demand
and agency resources.
J
\
Address customer and community service needs
in an appropriate manner.
J
. . \
Prepare a service evaluation process that
addresses proposing, reviewing, evaluating,
recommending, and approving service changes.
J

Evaluate and implement services consistent with
the Americans with Disabilities Act (ADA).

Figure 6 - Example of Goals and Objectives

The goals and objectives for the Short-Range Transit Plan support the vision of the
transit services that should be provided to the public. The development of the goals
and objectives is one of the first and probably one of the most important steps in the
planning process. The measures of effectiveness can be used to demonstrate
whether or not the planned goals and objectives are being met. These measures

can be either quantitative or qualitative. Quantitative measures use data and are
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evaluated on a technical basis. Qualitative measures such as public involvement,
potential sources of revenue, and project alternatives are evaluated on a policy

basis.

Transit agencies must always consider community input by conducting surveys before
implementing any project or modifying the transit service. Including transit users in the
process can help with the acceptance of new projects or support the improvements of
the system. If customers are not satisfied with the services a transit agency provides,
they will not support or use these services. The goals and objectives of the transit
agency must be supported by the community. Therefore, it is highly recommended to
conduct customer surveys to obtain community feedback and understand the issues
that are important to them. The TCRP Report 88 lists the five categories (Table 4) of a

transit user's expectations of a transit system:

Table 4 - Transit User’s Expectation

e Accessibility and use of a transit system.

¢ The users’ experience of using the transit system.

¢ The reliability of the system in terms of the length of the trip,

eFear of being involved in an accident while using the transit, or
potential criminal activities on the transit’s facility.

eImpacts of ongoing maintenance and construction programs
during the transit trips.

Following are measurements taken from the TCRP Report 100. It exhibits some

influencing factors that can be used to determine a transit agency’s goals and
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objectives. Table 5 presents an example of using performance measures to monitor
agency goals and objectives. These measurements are usually included in the

transit agency’s service standards.

Table 5 - Measurements of a Transit Agency’s Goals and Objectives

SERVICE MEASURES
Transit Stop Route Segment System
Availability Frequency Hours of Service Service Coverage
Comfort & Convenience Passenger Load Reliability Transit-Auto Travel Time

Strategic and Business Plans

A strategic plan may be defined as a step-by-step plan for achieving a predefined
goal. For an organization, it is a process of defining its progressive growth. A
strategic plan is the path set by an organization for achieving envisioned goals,

including:

e |t helps prioritize and guide the organization’s efforts by allocating resources in

areas that are needed to achieve the final goal.

e |t is helpful in developing strategies for potential issues based on past

experiences.

e [t helps monitor the day-to-day impacts on the business and provides ideas for

improvement.
e |tis arecognized approach to making important decisions.

® |t promotes better resource allocation, encourages team building, and is likely to

be accepted by everybody.
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Following is a selection of key items from the Miami-Dade Transit's (MDT's)

Strategic Plan for accomplishing its mission to providing high quality transit service:

e Provide reliable transportation
Provide reliable transit service through tracking the departmental

performance measures and key performance indicators (KPI).

e Expand public transportation
With existing funds, MDT has initiated a new bus route from Miami Beach to
Miami International Airport (MIA) (Flyer 150), as well as a rail track extension
to MIA.

e Improve mobility for people with disabilities
Provide better service for Special Transit Services (STS) individuals

depending on public transit so that they have access to their destinations.
e Ensure safety at public transit facilities

e Provide easy access to transportation information

Help passengers track real-time bus schedules with newly developed mobile

apps.
e Ensure excellent customer service to passengers

e Provide attractive, well-maintained facilities and vehicles

e County processes are improved through the use of information and

technology by the following:
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1. Replacement of transit operation systems.
2. Upgrading of net infrastructure to provide real-time transit tracking.

3. Development and implementation of automated systems with the

Human Resources division.
e Retention of excellent employees by the following:
1. Enhance employee satisfaction and reduce turnover.

2. Recognize employee dedication by awarding the employee of the

month and other recognitions.

e Training programs and workshops

Impacts of Budget and Funding on the Transit Planning Process

The issue of transit funding is of utmost importance to the transportation industry;
quite simply, without money, transit agencies cannot operate. The transit service
planner must often adjust the amount of service on the street due to budgetary and
economic conditions. Budget cuts are usually the driving force behind major service

reductions. Following are several types of transit funding categories:

e Capital and operating funding: Capital funding is used for infrastructure
such as buses, garages, and rail lines, while operating funding is used to
provide the service, such as operator salaries and fuel.

e Farebox revenues: Revenue obtained from passenger fares.
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e Farebox recovery ratio: The percentage of total operating revenues to
operating costs that passengers pay through fares. Most transit systems in
the United States have farebox recovery ratios between 25% and 35%.

e Transit subsidies: In the United States, the most common form of taxation for
transit is the sales tax. Many states also offer some portion of gas tax revenues
to transit. Property taxes, which are a more common form of transit subsidy
in Canada, support public transportation in some states. Income and payroll
taxes are rare instances, but provide important support to transit agencies in
cities like New York City and Portland.

e Federal transit support: At the federal level, a segment of the federal gasoline
tax is used to support the programs of the Federal Transit Administration
(FTA). The FTA supports transit development through such programs as
the New Starts Program, which provides funding for new rapid transit projects
and the rehabilitation of existing lines such as the Job Access and Reverse
Commutes (JARC) program, which provides funding to assist the poor with
accessing jobs in underserved communities, and operating subsidies to
transit agencies in areas with populations less than 200,000, and directly to
urbanized areas for populations at or above 200,000.

e State transit support: Most states provide some support for transit, even
though the recession in recent years has caused the support to diminish.

e Localtransit support: In recent years, mostincreases in public transit funding
support have come at the local level. Aimost all of these increases have come
in the form of higher sales taxes approved by voters, and the vast majority of

increases on the ballot have been approved by voters.

High quality public transit can provide various economical, social and
environmental benefits, including direct user benefits and various indirect and
external benefits. Residents of communities with high quality transit tend to own

fewer motor vehicles, drive less, and spend less on transportation than they would
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in more automobile-oriented locations. Governments and businesses can save on

roadway and parking facility costs. Appropriate public transit investments can

provide positive economic returns under favorable conditions. Transit investments

can provide savings and benefits that offset general costs. Therefore, public transit

service improvements are an important component of many jurisdictions’ strategic

transport plans. Although federal and state funds can often help finance a portion of

transit improvements, additional local funding is generally needed. Table 6

introduces some potential public funding options for transit agencies.

Table 6 - Potential Public Transport Funding Options

(Source: The Journal of Public Transportation)

Name

Description

Advantage

Disadvantage

Fare increases

Discounted

bulk passes

Property taxes

Sales taxes

Fuel taxes

Vehicle fees

Utility levy

Employee levy

Increase fares or change fare
structure to increase
revenues.

Discounted passes sold to

groups based on ridership.

Increase local property
taxes.

Special local sales tax.
An additional fuel tax in the
region.

An additional fee for vehicles
registered in the region.

A levy to all utility accounts
in the region.

A levy on each employee
within a designated area or
jurisdiction.

Widely applied; it is a
user fee (considered
equitable).

Increases revenue and
transit ridership.

Widely applied; greatly
distributes burden.

Widely distributes
burden.

Widely applied; reduces
vehicle traffic and fuel
use.

Applied in some
jurisdictions. Charges
motorists for costs.
Easy to apply. Widely
distributes burden.

Charges for commuters.

Discourages transit use;
considered regressive.

Increases transit service
costs and may provide
little net revenue.
Supports no other
objectives; considered
regressive.

Supports no other
objectives; considered
regressive.

Considered regressive.

Does not affect vehicle
use.

Is small, regressive and
does not support other
objectives.

Requires collection
system. May encourage
sprawl only in city centers.
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Road tolls

Vehicle-Km tax

Parking taxes

Parking levy

Expanded
parking pricing

Development
or transport
impact fees

Land value
capture

Station rents

Station air
rights

Advertising

Tolls on some roads or
bridges.

Distance-based fee for
vehicles registered in region.

Special tax on commercial
parking transactions.

Special property tax on
parking spaces throughout
region.

Public parking price increase
based on location and time
of day, e.g., on-street
parking spaces.

Fee on new development to
help finance infrastructure,
including transit
improvements.

Special taxes on properties
that benefit from the transit
service.

Collect revenues from
public/private development
at stations.

Sell rights to build over
transit stations.

Additional advertising on
vehicles and stations.

Reduces traffic
congestion.

Reduces vehicle traffic.

Applied in many cities.

Large potential. Widely
distributes burden, and
encourages compact

development.

Moderate to large
potential. Widely
distributes burden, and

reduces driving.

Changes beneficiaries.

Large potential. Charges

beneficiaries.

Changes beneficiaries.

Changes beneficiaries.

Already used.

Costly to implement. Can
encourage sprawl if only
applied in city centers.
Costly to implement.

Discourages parking
pricing and downtown
development.

Costly to implement.
Opposed by suburban
property owners.

Costly to implement. May
discourage downtown
business activity.

Limited potential.

May be costly to
implement. May
discourage Transit-
Oriented Development
(TOD).

Limited potential.

Limited potential.

Limited potential.
Sometimes unattractive.

Although some federal, state, or regional funding may be available, considerable

local funding is often needed.
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External Forces Affecting Planning

External factors are outside influences that can impact an organization. Various
external factors can affect the ability of a transit agency to achieve its strategic goals
and objectives. These external factors might include competition, or social, legal
and technological changes, as well as economic and political influences. Running
a transit system would be relatively easy if the directors, managers, and staff only
had to concentrate on running the agency. They could focus on internal decisions,
such as determining routes, timetables, and operating buses. However, because of
the external factors, the agency may need to address issues that can affect the
original strategic goals and objectives. Therefore, planners need to fully understand

these elements in order to effectively assist the agency in this process.

Many of these external changes may be completely outside the control of the
agency, such as new legislation. For instance, Title VI of the Civil Rights Act requires
that services are provided in an equitable manner and that changes do not have a
disparate impact on minorities and low-income populations. Examples of external
forces that are out of the transit agency’s control include gasoline prices, road
construction, and even natural disasters like hurricanes, tropical storms, floods,

tornadoes, or earthquakes.
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C. The Service Planning Process

A service plan may be defined as a short-range operational plan. It involves changes
in where, when, and how services run in response to changing factors like land use,

travel patterns, and resources.
Service Goals:
e To provide a network of quality transit services for citizens and tourists.
e Tomeasure the service delivered by the transit agency within the existing budget.

e To promote a positive alternative to auto travel by encouraging choice riders to
use transit, which in turn will help reduce traffic congestion, air pollution, and

energy consumption.

e To provide adequate service for the elderly, young, people with disabilities, and

low-income populations.
e Torun buses in a safe, clean, and in a convenient way.

The bus system should provide the best possible service to all citizens in the midst
of an agency’s budget constraints. Future service plans must consider the amount,

type, and cost of services.

The fixed-route bus service should recognize the travel needs of the citizens in the
service area. Planners should place emphasis on providing bus service to key
activity areas such as employment, shopping, medical, and education, with

consideration of the following elements:
e Atransit network with routes and stops consistent with current demands.

e A convenient schedule that riders can easily understand.
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e Areliable transit service.

e Coordinated transfer opportunities.

e Effective integration with other public transportation systems like BRT or LRT.
* Amenities at station and stops.

e Reasonable fares.

Park-and-ride and parking facilities, when appropriate.

Service standards and Performance Measures

The service standards of public transit systems can include specific goals,
objectives, or policies usually developed by planning departments to help evaluate
and measure the transit service provided by the agency. The standards can include
many areas, covering all parameters of a transit system. In general, they can be

broadly classified into six types:
e Classification of systems
e Service availability
e Travel time and capacity
e Service delivery
e Vehicle standards
® Service equity

Most transit agencies use service standards. For instance, a survey directed by the
Florida Department of Transportation (FDOT) found that almost 58% of transit

agencies declared they had guidelines for various types of service. There are many
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ways that transit agencies develop services, but most of them include bus routes

and stops, service levels, coverage, accessibility, and other considerations on

service performance.

Types of Bus Service

When making a decision on bus service, transit agencies develop a network system,
also known as local service, which provides transit service to the community. A local
service consists of a system of routes that run primarily on major streets, with buses

commonly running at an average speed of 12 to 15 mph.

Another type of bus service is the limited stop service. This service differs from local
service because it has less stops and operates at higher speeds. This service
operates primarily on major arterials, with direct service to increase the operating

speed.

The Bus Rapid Transit (BRT) is a form of limited stop service, which makes use of
designated lanes in order to offer fast and reliable service. BRT service is recognized
in the use of technologies such as transit signal priority, off-board payment, and

queue-jump lanes. Figure 7 shows an example of a BRT vehicle.

s
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Figure 7 - Example of a BRT Vehicle and Station (Source: The Rio Times)
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The express service links a starting point and destination point to a few stops on the

route, as well as to longer routes with non-stop service. Express service is used
primarily by commuters from a beginning point (e.g., park-and-ride lot) to a

destination point (e.g., a high-density attraction zone like a downtown area). Table

7 shows the characteristics of the most common bus modes.

Provide local
transit service to
the local
community. The
average bus
speeds are usually
between 9 and 15
mph.

Table 7 - Different Bus Modes

A form of limited
stop service, but
with higher
capacity vehicles
that run at faster
speeds than
regular bus
service.

Provide transit
service to the
community with
less stops and
faster speeds than
regular bus
service.

This service is
used mostly by
work commuters
from a beginning
pointto a
destination point.

Provide service
that is limited to a
particular area.

Run primarily on
major streets.

Makes use of
designated lanes
with branding
characteristics at

Operates mostly
on major arterials.

With few stops on
the route, the
majority of the
route is non-stop.

Naturally
functions in a loop
fashion,
occasionally with

vehicles and only one-way
stations. directional
service.

Flexible service allows for deviations from the predefined route path to provide
service to transit riders who live in surrounding areas. On request, and possibly at
an extra charge, the vehicle will deviate from the route to pick up or drop off

passengers.

Areas with a very low population density may require some level of minimal transit
service. This type of service typically operates on secondary streets. Exceptionally
low-density areas are usually served with one-hour or higher headways and may
not operate throughout the whole day or week. Their main function is to provide
service to transit-dependent residents who may not have other transportation

alternatives.




Cities or municipalities often offer another type of service called a “community-
based service.” This type of service is designed to serve a specific local community
and targets transit-dependent populations such as seniors or persons with

disabilities who are unable to use regular fixed-route transit.

Student-based transportation is another type of service. Services operated by
universities and educational institutions usually provide a high level of service with

fewer stops, conventional routes, and at specific times of the day.

Another way to classify routes in a system is based on the route design. According
to the TCRP Synthesis 10, 48% of systems set different criteria based on this
classification. The most common classifications for the routes are radial, cross-

town, circulator, feeder/shuttles, and regional routes.

Radial routes function largely along arterial streets. Radial routes characteristically
serve the Central Business District (CBD) or metropolitan core and are considered
the center of the transit network. These routes are characterized by regular stops,
shorter trips for those traveling to the core and longer for those who do not, and

relatively slow average bus speeds.

Cross-town routes or grid-like routes are non-radial in nature and do not serve the
CBD directly. Cross-town routes are used to link chief activity centers with through
routing or serve high-density corridors outside the CBD. They normally overlap
radial lines and should be coordinated to provide practical transfer networks. The
circulator provides service that is limited to a particular area, normally downtown or
residential zones. Circulators join main activity centers and allow travelers to transfer
to different routes to gain access to the rest of the network. They naturally function

in a loop fashion, occasionally with only one-way directional service.
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Feeder routes or shuttle routes provide service that caters to the high frequency of
premium service routes in the system. Routing is generally as direct as possible to

maximize traveler convenience.

Routes can also be classified by time of day. Transit systems frequently provide
varying levels of service during peak periods and non-peak periods, and evenings
and weekends. Therefore, transit systems may have different standards based on

these time periods.

The peak period service, which often persists for about three hours in the morning
and three hours in the afternoon and evening, provides a better level of service for
travelers. Non-peak service refers to the hours of service between peak periods. The
night service covers beyond normal transit operating times, and may also have a

modified route structure.

Service availability measures a commuter's ability to access and use transit.

Standards for service availability include:
e Service area characteristics
e Service coverage
e Route layout and design
e Stop location and spacing

Service area characteristics include demographic and socioeconomic information
that show the propensity to use transit. The establishment of standards in these
areas is crucial so that transit systems can provide the most adequate level of

service necessary to serve a particular area.

Demographic data from the U.S. Census Bureau is the most regularly used data

source for service area characteristics. Population density signifies the number of
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people living per square mile and is the most common measure used by agencies
to gauge possible usage of the system. Information on population density,
employment, or travel to work can be obtained from the “American Community

Survey of the U.S. Census” (see Figure 8).

Minimum levels of development should exist before giving consideration to
providing service. Transit service can be considered in residential zones with
enough density and destinations with sufficient activity such as employment
centers, shopping malls, and recreational areas. The development of service needs
to consider socioeconomic data to assess the demand for transit service. Persons
with no auto ownership have the propensity to ride transit more often than those
who can choose to drive. This group of the population is referred to as “captive”

riders, as opposed to “choice” riders who have other transportation alternatives.

American Community Survey

Information Guide

cUm(ed States

Figure 8 - American Community Survey
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Service Coverage

Service coverage measures the level of the defined area served by transit. Service
coverage is commonly determined by a percentage of the population that live within
a quarter mile of a bus stop. A quarter of a mile is the accepted distance that a
passenger is willing to walk to a bus stop to use transit service. AC Transit, which
provides service to the Alameda-Contra Costa Transit District in California, uses the

following criteria as walking distance to a transit stop:
e 20,000 persons/square mile or higher — a quarter-mile walking distance
e 10,000 - 20,000 persons/square mile —a quarter to half a mile
e 5,000 - 10,000 persons/square mile — a half mile to a three-quarter mile
e 0-5,000 extremely low density — one mile or greater

The route design within the network system can have an impact on service
accessibility. One concern is the spacing between routes, which is measured by the
average distance among parallel routes. Parallel routes operating nearer than a half
mile of each other can result in splitting the demand for transit service. In zones
categorized by low demand, this can result in a number of routes competing for the
same commuters. Therefore, a trade-off is needed to balance between the walking
distance and the frequency of the service provided in these areas. Factors affecting
route spacing include the geographical conditions, roadway layout, population

density, and activity centers.

Service directness refers to the degree of which a route deviates from the shortest
path of the route, from beginning to end. Service directness has an opposing
relationship to service coverage. A route that deviates provides greater coverage

than a less direct route, while a more direct route provides less coverage. Agencies
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often provide criteria for service directness, so that routes operate as directly as

possible to minimize travel time.

Roadways can affect the layout and design of routes. Narrow and winding
residential streets are not conducive to large bus operation. Some systems use

standards that specify the type of streets where transit can safely operate.

Service equity refers to the reasonable supply of services for all groups, in particular,
service for diverse populations such as minorities and low-income. The FTA requires
transit service policies and standards for five specific items: vehicle load, vehicle
assignment, vehicle headway, distribution of transit amenities, and transit access.
Local transit providers may develop and operate their own additional standards.

Table 8 presents the different transit networks.

Stop location and spacing is another side of service distribution. The location of bus
stops has been one of the more debated issues within the transit industry, as there
IS no consensus on which is better, far-side or near-side stops. Mid-block stops are
considered less than optimal, but they may be the best choice under certain

circumstances.

Bus bays or turnouts are also considered when designing the location of stops. Off-
street turnouts allow buses to pull out of the traffic stream. Bus bays should not be
placed at locations where there are sight distance problems. They can be an option
for stops situated near major trip generators or transfer points where a bus is likely
to have an extended stop or layover time. At bus stops with high activity (passenger
boarding and alighting), bus bays can help reduce traffic congestion, as opposed
to stopping in a through lane. However, too many stops in bus bays can slow down
a bus, as it must wait for a gap in traffic to merge back onto the roadway and

continue in service.
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Table 8- Transit Network Design

eFocuses on picking up passengers from outlying areas and bringing them to a major trip
generator (e.g., a downtown area, major employment center, or other significant
destination).

eFocuses on connecting passengers across the area. They can provide fast service
between areas along a corridor and can reach other areas by means of a transfer.

eFocuses on moving passengers between major trip generators (e.g., between
downtown and a high-density residential area, or between a major employer and
downtown).

eFocuses on picking up and dropping off passengers in smaller areas like downtown or
suburban neighborhoods. They usually provide connections to other transit systems at
predetermined stops or stations.

Bus stop spacing is the distance between service stops on a route. Transit operators

have developed standards regarding bus stop spacing as a trade-off between stops

with short walking distances and vehicle speed. Bus stop spacing has a significant

influence on the performance of a transit system. Table 9 shows bus stop spacing

in different environments.
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Table 9- Bus Stop Spacing (TCRP 19)

Central Core Areas of CBDs 300 to 1000 feet 600 feet
Urban Areas 500 to 1200 feet 750 feet
Suburban Areas 600 to 2500 feet 1000 feet
Rural Areas 650 to 2640 feet 1250 feet

Bus stop spacing is typically measured in one of two ways, either by the number of
stops per mile, or the distance in feet between stops. The spacing, no matter what
measurement is used, can vary depending on land use type, population density, or
service type. Service standards usually tend to include a range of values for stop

spacing instead of exact values.

Service Level and Schedule Design

Service frequency refers to the number of directional bus trips within a specified
period of time (e.g., 3 buses per hour). Frequency is usually expressed as the
number of trips per hour. Headway, on the other hand, refers to the amount of time
between consecutive directional trips (e.g., 20-minute headway). Headways are
usually expressed in minutes. The terms “frequency” and “*headways” are frequently
used interchangeably. However, they can be a source of confusion, as headway is
the inverse of frequency (i.e., headway = 1/frequency). That is, if a transit agency
wants to provide additional service, the frequency will increase, and the headway
will be reduced. For example, if the frequency is 3 buses per hour; the headway
would be 1 hour/ 3 buses or a bus running every 20 minutes. If the agency increases
the service from 3 to 4 buses per hour, the headway would be 1 hour / 4 buses (a
bus running every 15 minutes: 15-minute headway). A common mistake is to
communicate that the transit agency is providing more service by increasing the
headways, when in reality the opposite is true. A better way to avoid mistakes as

such is communicating that the agency will provide additional service, or a
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particular route will be running more frequently. The planner can advise that the

agency is reducing the headways to provide better service.

When dealing with headways, there are three different types to consider:
e Headways based on policy
e Headways based on demand
e Headways based on the clock-face

Policy headways are normally the maximum headways to be used, as defined by
the transit system policy, and usually vary by time of day or day of the week. They
are typically used when passenger loads do not to conform to loading standards.
Time of day is a major factor used in determining headways. A common practice is
to add more service during peak hours and reduce service during off-peak hours.
An example of policy headways can be 30 minutes during peak hours and one hour
during off-peak hours. Headways for night service and Saturdays and Sundays

usually match the off-peak headways or can be greater (less service).

Some sources state that a 30-minute peak headway is the maximum headway that
should be established to provide an adequate level of service in a dense urban area.
Headways greater than 30 minutes are generally not acceptable from the
perspective of the passenger and are insufficient to develop a solid, consistent base
of ridership. Base, peak, and weekend service should not exceed one-hour

headways.

Policy service levels are usually a compromise between economic efficiency and
the functionality of the transit agency. Services that cannot meet the policy
headways based on the minimum number of passengers per hour or other
standards should be identified as candidates for service modifications or marketing

for promoting the service. These service changes may include providing service
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with longer headways if no other feasible alternative exists. Policy headways can
also be established by the type of service. Bus Rapid Transit will typically have
shorter headways, while neighborhood-based circulators tend to have longer

headways.

Demand-based headways are based on passenger demand. This is used to provide
the best possible service to passengers based on bus loading standards. Ridership
overcapacity on a route is a sign that either bigger transit vehicles are needed, or a

demand-based headway should be implemented to provide better service.

Clock-face headways refer to setting headways, so that they can run on consistent
intervals (e.g., every hour). For instance, buses arrive at stops or stations at a given
point of the clock-face (e.g., 7:30, 8:30, 9:30, etc.). Clock-face headways make it
easier for passengers to remember the arrival times of buses at particular stops, as

times repeat during a time period or throughout the day.

Loading standards are created to ensure acceptable commuter loads on transit
vehicles. Commuter loading limits have a direct link to headways. If buses are
overloaded, then additional service may be warranted, resulting in shorter
headways. Another alternative to increasing capacity is to operate larger buses. The
load factor is an indicator of the extent of probable overcrowding or the need for
additional vehicles. It is expressed as a percent of the seating capacity of a vehicle
at the maximum load point of a specific route. By setting minimum and maximum
load factors for different services by service periods, the operating level of service
or headway should be determined by usage. Load factor calculations are the most
important variables used to assess how buses can be effectively and efficiently
allocated among different bus routes. If the load factor is set above 100 percent, it
means that the system'’s policies permit a reasonable amount of standees. Another
loading standard that may be used is a course of action that limits the number of

standees or does not allow for standees.
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Span of service is another degree that relates to the capacity of the organization.
Span of service is the number of hours and days that the service functions, i.e,, the
start of the service day until the end of the service day, as well as weekdays and
weekends. The duration of service will usually vary by route depending on service
type, the market area, and route performance. Generally, high-performing routes will
have longer service spans, and weekday spans of service are longer than
weekends. Express routes generally operate on a time-specific span of service,
often during peak period service only. To determine span of service for new routes,
the characteristics of the target market should be examined and compared with

existing services.

43



Example of Applying Loading Standards

Transit Agency XYZ has the following passenger loading standards for local bus
routes:

Time Period Maximum Load Factor
Weekday Peak 150%
Weekday Midday 120%
Weekday Evening 110%

Passenger data collected at the maximum load point of Route 123 shows the
following hourly passenger loads:

Time Period Hourly Passenger Loads
Weekday Peak 360
Weekday Midday 240
Weekday Evening 176

Route 123 has assigned 40 seat buses. The most efficient headways that meet the

loading standards for Route 123 can be determined by the following process:
a) Max. load factor x seats on bus = max. load per bus

Peak: 150% x 40 = 60 pass. per bus
Midday: 120% x 40 = 48 pass. per bus
Eve: 110% x 40 = 44 pass. per bus

Hourly load / max. load per bus = buses per hour

Peak: 360 hourly pass. / 60 pass. per bus = 6 buses per hour or 10 min. headway
Midday: 240 hourly pass. / 48 pass. per bus =5 buses per hour or 12 min. headway
Eve: 176 hourly pass. / 44 pass. per bus = 4 buses per hour or 15 min. headway

The most efficient headways that meet loading standards are:

Weekday Peak: 10 min.
Weekday Midday: 12 min.
Weekday Eve: 15 min.




Service Delivery

Service delivery standards have a direct impact on how customers perceive the

service. The standards include such aspects as:
e On-time performance
e Customer service
e Safety issues

On-time performance in the transit business is defined as the percentage of trips
that arrive/depart within a definite time-frame at a specific published timepoint. A
mainstream of systems define a route as being “late” if it departs more than five
minutes after the scheduled time. Most systems explain a route as “early” if it is one
minute early, while a few systems allow for a bus to arrive earlier without making

allowance for an earlier arrival.

Customer service standards are restricted to what can easily be measured by the
transit agency. One of the performance methods most commonly used to measure
the level of customer service is the number of complaints. Other customer service
concerns, such as commuter safety and satisfaction, are determined through
market research. Organizations are not likely to have precise criteria governing

these qualitative aspects.

Safety issues are a new area in which an organization is willing to maintain
performance measures and set standards. Safety performance measures are
generally kept on a system level and may not be accessible at the route level.
Service planning has a small role to play in safety-related criterion. The utmost
common safety measure monitored by transit organizations is the number of

accidents per miles operated.
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Vehicle standards consider various service planning characteristics of operating

transit vehicles, such as:
e Assignment of vehicles
e Utilization and efficiency
e Reliability and condition

Assignment of vehicles is fairly straightforward. In a medium-size or larger system,
standard-size buses (35-40 feet) are allotted to most routes, while smaller buses (27-
30 feet) are used in areas with a smaller number of commuters or within a zone
service. Articulated buses (60 feet) are appropriate for higher volume express
services. Systems that use automatic passenger counters (APC) for a portion of their
fleet will have procedures in place on how to assign APC-equipped buses in order

to cover all routes within a definite time period.

The utilization and efficiency of vehicles are usually tracked in a performance
observing program. Although organizations may set distinct standards, the most
common vehicle measures are revenue miles/per vehicle and revenue hours/per

vehicle.

The reliability and condition of vehicles are normally measured by vehicle miles
between road calls or the percentage of scheduled service not in operation. An
example of a vehicle dependability standard is more than 4,000 vehicle miles

between road calls.

Service standards provide a framework for guiding decisions on the services that
will best serve the customers’ varied travel needs while allowing the agency to
remain within its budgetary limits. The service standards provide a framework for a
consistent and fair evaluation of both existing and proposed services. Because

markets, customer expectations, and the agency’'s resources change over time,
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service standards are evolutionary by nature. The agency must be responsive to
these changes in order to retain current customers and achieve and sustain
ridership growth. The agency must also be able to continuously evaluate the service
and make necessary adjustments based on the available budget and resources. As
shown in Table 11, service standards assist in the agency's decision-making

process.

The service standards document also contains guidelines for stop spacing, the
distribution of facilities and customer amenities at bus stops, calculating service
costs, and the public participation process. In support of the annual budget process,
an annual service budget proposal is developed that proposes major, moderate,
and minor service changes in accordance with the agency’s goals for the following
year. Service proposals can only be implemented if supported by the budget. Table
10 describes some key transit service standards, and Table 11 explains major,

moderate, and minor changes in service.
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Table 10 - Transit Service Standards

e Determines the percentage of the population that
resides within a quarter-mile of walking distance of
a bus stop.

* The hours and days a route operates is based on a
balance of market demand and service coverage.
Services for key routes of most transit systems are
offered seven days a week, generally a minimum of
16 hours. Other routes are market-driven.

® Governs how long customers wait for service. For
example, the maximum interval between buses or
trains is 30 minutes.

e Determines how crowded the vehicle will be when
it arrives at the busiest location on a route. For
example, an average of greater than 60 customers
per bus at the busiest location or maximum load
point will require additional capacity.

e The most common productivity standards are
passengers per hour or mile and net cost or
subsidy per passenger. For example, all routes
must have at least half the system average per
hour or will be considered deficient and are
candidates for elimination.

Service proposals for changes are usually received, screened, and evaluated
throughout the year. Minor service changes and most moderate changes are
implemented during the year as schedules are revised. Major and moderate
changes that require board approval are subject to periodic review (e.g., semi-
annual) where they are ranked in terms of financial performance against other

proposals. The relationship between service standards and the budget is dynamic.
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The level of service that an agency provides to customers has a direct effect on

operating and capital budgets. In turn, service standards affect the amount of a
transit agency’s service and must be provided within the bounds of limited financial
resources. Balancing customer expectations and budget constraints is a difficult
challenge. The agency's existing services must be monitored and modified
continually to match service levels to demand, and respond to opportunities for new
or improved services. Service standards should also be adjusted in response to

changing ridership trends.

Table 11 - Service Changes

Major

Major service changes have a significant impact on customers and resources. These include route changes
affecting more than 25% of a route's passengers, route miles or vehicle miles, and changes requiring new
facilities and/or capital expenditures of a cost level that requires board approval.

Moderate

Moderate changes are small changes to service with limited impacts and modest costs. This change type
includes special event services, reroutes of less than one mile, and route extensions of up to one mile.

Minor service changes are small, routine changes to better align services with demand. These include
adjustments to intervals between buses and running time, span of service changes of % hour or less, and
changes to bus stop locations.

There are numerous performance and service criteria used in the bus route

evaluation process. These criteria serve as indicators that can help measure the




service provided by the transity agency. Bus route evaluation standards are

classified into five broad categories, as shown in Table 12.

Table 12 - Classification of Various Evaluation Standards

ePopulation density

e Employment density

¢ Spacing between other bus routes and corridors

e Limitations on the number of deviations or branches

e Equal (geographic) coverage throughout the local tax base
¢ System design considerations, such as enhancement of timed transfers
e Streamlining/reduction of routing duplications

¢ Network connectivity

e Service equity

* Route directness

¢ Proximity to residences

¢ Proximity to non-residential generators

e Limitation on the number of transfers required of riders

¢ Bus stop siting requirements

¢ Bus stop spacing requirements

e Maximum number of standees

e Maximum intervals

¢ Peak periods versus off-peak periods

* Minimum intervals

¢ Standees versus no standees

¢ Duration of standee time

e Timed meets, or time to be spent waiting at a transfer point
e Use of clock-face schedules

¢ Span of service




Table 12 - Classification of Various Evaluation Standards (cont'd.)

e Passengers per hour

¢ Cost per passenger

* Passengers per mile

® Passengers per trip

¢ Passenger miles

* Revenue per passenger per route (either in absolute dollars or as a percentage of variable cost)
¢ Subsidy per passenger

¢ Route level minimum variable cost recovery ratio

* Route level minimum costs that include semi-variable and/or fully allocated/fixed costs

¢ Route level performance relative to other routes in the system

*The criteria for this category of standards measure service reliability. Service delivery criteria
include on-time performance and headway adherence (evenness of interval). These criteria
measure a route's service as actually delivered to a passenger. As will be reported later in this
synthesis, some transit systems use these criteria at a system, not bus route, level.

* Passenger complaints

¢ Missed trips

¢ Unscheduled extra buses or trips
e Accidents

* Passenger environment conditions (e.g., vehicle cleanliness, vehicle condition, missing
stanchions, blank destination signs)

 Special information (or special intervals) in areas where riders do not feel secure waiting for
buses

e Determine How Standards will be Applied

Service standards provide an impartial and objective set of criteria by which
services can be assessed and informed decisions made regarding transit resource
allocation. This document is a policy tool that reflects the mission and goals of each
transit agency. It is a living document that is reviewed periodically by an agency’s
board of directors. Five key measures that have the greatest influence on service

design are: coverage, span of service, frequency of service, customer flow, and
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minimum productivity. Each standard is summarized in Table 13, along with

examples.

Table 13- lllustration of Service Standards

Passenger Service frequency and passenger flow are closely related. Above the

Flow minimum service levels, service frequency is determined by customer
demand. Each bus service is evaluated in terms of passenger flow, which
is defined as the number of passengers on buses at the busiest locations
along the route, called maximum load points. A typical bus will have a
maximum load between 50 and 60 passengers on board, which includes
10 to 20 standees. On less well-utilized routes and in non-peak times,
longer intervals between buses are scheduled when justified by demand.
Passenger flow standards are revisited, as needed, particularly when new
vehicles with different seating configurations are purchased.

Service Normally, service coverage standards show the acceptable minimum

Coverage population and employment density. An example is that all areas with a
population and employment density exceeding 5,000 per square mile
will have transit service.

Span of Span of service refers to the hours that service is provided and defines

Service the minimum period of time that the service will operate at any point in
the system. For the key routes, services are offered every day, usually for
at least 16 hours. Span of service for support routes is determined by
demand. Span of service standards govern when the service is operated
by time of day and day of week, based on passenger boardings for bus
and passenger entries for rail stations.

Mlnlmu.m. Bus route productivity is reported in terms of passenger boarding per

Productivity bus hour. Services that do not meet the standard become candidates for
elimination or reduction. In its reporting of productivity, staff will provide
performance targets, such as productivity requirements for variable cost
break-even, system average productivity, and others based on the fare
and cost structures. Emphasis is placed on the change in ridership and
productivity over time for each service. Significant changes are further
evaluated for each hour of service in order to identify opportunities to
improve service and service productivity.
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e Obtain Concurrence of Stakeholders and Governing Board
Approval

The development of service standards should be open to the public, and they
should be given the opportunity for input into the process. Once the standards are
completed, they should be presented to the governing board for approval. This
process validates the standards; the board understands that standards are the
driving force for transit service decisions. Approved standards reduce political

influence and provide the structure for making transit service changes.

As part of the ongoing performance review of all routes and services and
consideration of service change proposals, moderate and major service changes
are also brought to the board for approval. Table 14 shows some examples for each

type of service changes.

Requests for service changes and new services can be proposed by anyone, including
private citizens, elected officials, the agency’s employees, and employers. Requests can
also be the result of ongoing monitoring and data collection. Often, the transit agency
has an advisory group that meet as needed for service changes to address the

following:
e |dentify issues, opportunities and concerns
e Ensure that proposed service changes will operate reliably and safely
e |dentify actions that may be needed to implement changes

All proposals must be reviewed and analyzed by the planning and development
staff. In order to efficiently screen, analyze, and evaluate the merits of service change
proposals, the service change committee should be established. The process for
evaluating and implementing service change proposals is dependent upon the

magnitude of the change.
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Table 14 - Different Types of Service Change

Type Definition Examples

Minor Small, routine changes to e Running time adjustments
better align services with
demand. e Departure time adjustments

e Span of service changes of % hour or less
e Bus re-routes due to street or bridge detours

e Service interval changes to match service levels
with ridership

e Train length changes to match service levels
with ridership

e Changes to bus stop locations
Moderate  Small changes to routes or e Busre-routes of less than 1 mile

service configurations with
limited impacts and modest e Route extensions of 1 mile or less

costs.
e Service changes to reflect changes in street
patterns
Major Changes that will have e Route changes that affect more than 25% of a
significant impacts on route’s passenger route miles or vehicle miles

customers and resources.
e Changes requiring new facilities and/or capital

expenditures at a cost

e Level that requires board approval

Once the service change committee receives a proposal, it is screened to see if it
warrants further study or rejection. After the committee has determined if the proposal
should proceed to the next level of analysis or be declined, the sponsor of the proposal
is notified of the decision. This notification may come after approval to conduct a full
analysis for those projects that move forward. Screening criteria could include the

following:
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e Urgency

e FEase of implementation

e Readiness for implementation

e |evel of interest (internal and external)
e Feasibility

e Capital and/or land acquisition required

e Costs involved (preliminary estimate)

Example of Bus Route Directness Calculation

Transit agencies should design bus route alignments that are as direct as possible
to minimize passenger travel time on the route. A frequent request received by transit
agencies is to deviate a route for a passenger’s convenience or to serve a trip
generator location. Service standards for potential route deviations enables transit
service planners to evaluate the request objectively. These standards can evaluate
existing and proposed route deviations. For an existing deviation, the ridership
information should be available, while an estimate is needed for a potential route
deviation. An example of a route directness or deviation standard, along with a
sample calculation, is shown below:

Standard: The total additional travel time for all through passengers will not exceed
ten minutes for each boarding or alighting rider along the route.

(Ax B)/C <10 minutes or at least (A x B) / 10 minutes =C

A = number of through riders
B = additional one-way travel time to serve deviation
C = number of riders served by deviation

Assuming a route has 12 through riders and the route deviation is 5 minutes, then
(12 x 5) / 10 minutes = 6 riders. Therefore, the route deviation must average at least
six riders either boarding or alighting for each trip to meet the standard.
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Evaluation of Service
e Compare Service Performance with Standards for Each Mode

Evaluation and monitoring are as important to providing quality of transit service as
product development and marketing are to running a successful business.
Evaluating and monitoring service performance is essential to the efficient provision
of transit to a community. Evaluation also enables managers to fine-tune services
to meet the needs of riders more effectively. Likewise, monitoring the quality of
transit service is an essential ingredient for good customer service. Since most
systems are public-funded, the transit manager needs to improve productivity and
effectiveness by providing the most rides possible with existing funds. The need for
better productivity has to be balanced with maintaining a level of service that retains
current riders and, hopefully, attracts new ones. Funding agencies, elected officials,
and transit boards increasingly insist on performance reports to ensure that public
funds are being spent wisely. State departments of transportation (DOTs) may
require performance evaluations or the reporting of performance indicators as a
condition of state funding. Table 15 summarizes the main reasons that push transit

agencies to monitor their services periodically.

Table 15 - Reasons for Monitoring Transit Service
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Performance indicators are powerful tools for monitoring and improving transit
service. While there are many possible indicators that could be used, typically a
small subset is used on a regular basis to monitor the important aspects of transit
system performance. The approach for using indicators to assess performance is
relatively easy to implement. Some of the indicators used to evaluate service
performance are readily available in most systems, and others can be collected and
analyzed as conditions warrant. A performance indicator is a measure, usually
guantitative, that reveals information about certain characteristics of a service.
Sometimes the measure is a ratio of two other measures. In a system as complex
as transit, one could probably devise hundreds of measures to assess performance.

Tables 16 and 17 describe performance indicators in much more detail.

Table 16 - Financial Indicators

« Total operating cost/Total passenger trips: This is a measure of how well the system is
serving riders with available resources.

» Total operating cost/Vehicle miles: Measures of productivity useful in setting standards
or comparing services, including the services of peer systems.

* Administrative cost/Total cost: A measure of the appropriate balance between these two
cost centers. As a rule of thumb, administrative costs should not exceed 15-20 percent.

« Total revenue/Total passenger trips: A measure of the average revenue for a passenger
trip.

« Total fare revenue/Total revenue: An indicator of the percentage of revenue accounted
for by fares.

* Revenue/Cost: Also called operating ratio or cost recovery. A measure of the degree to
which operating expenses are covered by revenues.

* Total subsidy/Total vehicle hours: The average subsidy per vehicle hour of service.

* Total Subsidy/Total passenger trips: A measure of the average subsidy for each
passenger trip.




Performance and Productivity Measures

Performance indicators provide essential information for decisions regarding transit
planning, management, and finance. Service planners use performance indicators
to make decisions regarding the increase or reduction in service frequency
regarding the addition or elimination of bus routes. Performance indicators
measured over an annual basis identify trends in costs, service output, and
ridership, and for the allocation of resources in an attempt to improve the efficiency
and effectiveness of existing services. Finally, transit agency management and
governing boards use performance indicators concerning decisions on the
allocation of public funds among existing services. Performance indicators are also

important in the long-term capital investment process.

Table 17 - Non-Financial Indicators

eTotal passenger trips/Total vehicle hours: The average number of trips served per vehicle hour. A
measure of productivity.

sTotal passenger trips/Total vehicle miles: A productivity measure useful for comparing services,
especially in rural areas or on longer suburban routes.

*Elderly passengers/Total passengers: An indicator of the use of transit by elderly passengers. May
be useful in designing stops and assigning equipment.
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*Number of Complaints/Number of Drivers: A rough measure of consumer dissatisfaction.
*Stops on-time/Total stops: A measure of on-time performance.

*Vehicle miles/Road calls: A measure of miles between road calls; a surrogate for fleet age and
maintenance effectivenes.

*Revenue miles/Revenue hours: A measure of the concentration of service.
*Vehicle miles/year: A useful measure for comparing level of service over time.

*Vehicle hours/year: A useful measure for comparing level of service over time and as an element
used in calculating additional indicators.

*Vehicle miles/Vehicle accidents: The number of vehicle miles between accidents; an important
safety indicator.

sAvoidable accidents per Year: A useful safety indicator and one often used for setting safety
standards.
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Performance indicators are usually organized into three related categories:
measures of cost-efficiency, cost-effectiveness, and service effectiveness. Cost-
efficiency indicators are calculated as the ratio of service inputs to service outputs,
measuring the efficiency of allocation and use of resources within the organization.
Cost-effectiveness indicators compare service inputs to service consumption,
providing a measure of the amount of resources versus the level of transit actually
used by the public. Service effectiveness indicators measure service consumption
relative to service outputs, providing information about the capacity utilization of the

service provided.

Service input statistics include the resources of the service, such as the number of
operators, number of vehicles, service hours, or any other type of service input. An
important measure is the total dollar cost of operating the service, using all types of
input and reducing them to a single metric. Most transit properties measure service
output in terms of revenue vehicle miles or revenue vehicle hours, while service

consumption is measured most often as the number of passengers.

Cost-efficiency and service effectiveness indicators, which incorporate measures of
service output, take into account the varying passenger capacities of the different
sizes of buses, rail cars, and other transit vehicles. For example, directly comparing
cost per bus revenue vehicle hour to cost per light rail car revenue vehicle hour does
not take into account the different vehicle capacities of the two modes. Passenger
capacity miles, incorporating seating capacity and an estimate of standing capacity
are likely to be more useful as measures of service output. Indicators of cost-
effectiveness and service effectiveness, which incorporate levels of service
consumed, provide some means to consider the varying lengths of typical
passenger trips on different modes. Tables 18 and 19 summarize performance

measures for effectiveness and efficiency, respectively.
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Table 18 - Performance Measures for Effectiveness

*|t is sometimes useful to measure the number of
passengers riding a route or a system. This may be
helpful when looking at a route’s performance over
time. However, an absolute value measure of this sort
only provides value when all other variables are held
constant. For example, comparing the number of
riders between two routes does not account for the
possibility of vastly different resources devoted to a
route (a route may have twice the riders as another,
but have three times the service hours and therefore
three times the cost).

*This measures the number of riders that board at a
particular stop. This indicator places emphasis on
the stop instead of the transit route itself. This
measure is most often used where considerable
capital investment in the station was made or in
determining the spacing between stops.

*This is an agency-wide indicator that shows the
number of transit trips per capita of a service area’s
population on an annual basis. This indicator is useful
for comparing the propensity of transit use between
regions/agencies or to compare an individual
agency’s performance over time.
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Table 19- Performance Measures for Efficiency

*This productivity measurement is similar to passengers
per revenue hour, but considers the route length as the
input instead of service hours. This reflects the desire to
capture another important input in some transit routes
since many mode types consider operating costs
based on route miles. The principal advantage of this
measure is that many transit agencies use mileage to
quantify their transit sytem. The principal disadvantage
is that it does a poor job of capturing the main cost
driver for an agency's revenue hours.

*This indicator is commonly used to determine the
proper headways for bus service and rail. Peak load
factors obtain the average load (number of riders) on
the bus at the peak segment. Peak load factors are
usually expressed in percentages. For example, a peak
load factor of 40% indicates that a bus on a particular
route will usually be 40% full.

61



Table 19 - Performance Measures for Efficiency (cont’d.)

*This is a measurement of efficiency and shows how
much it costs an agency to deploy an hour of service.
This is another indicator that incorporates the high cost of
labor. This indicator is especially important when
comparing an agency's performance over time.

*This measurement is similar to operating cost per hour
but measures the cost per mile in an attempt to account
for capital investments that conduct tracking that involves
route length.

*This is a common measurement used to find the average
fare paid per passenger. This indicator assesses the
impacts of fare policy changes or implementation of new
fare technology (such as smart cards or passes). It can
also show the long-term trend of the agency’s fiscal
performance.

*This measure is similar to the average fare per
passenger, but it also looks at the ratio from the cost
perspective. This indicator is useful for assessing the
impacts of changing cost elements (such as wage costs,
fuel costs, etc.) over time.

*This is another common measurement that shows the
ratio of operating expenses that are recovered from fares.
Farebox recovery ratios vary greatly from agency to
agency and from mode to mode. A healthy farebox
recovery ratio generally indicates service that is well-used
and is a relatively efficient service delivery.
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Examples of Performance Measures Calculations

Performance measures are developed from collected data by the transit agency.
Examples of how these performance measures are calculated are shown below:

Route 125 Weekday

Rev. Hours Rev. Miles Avqg. Bdgs (Pass.) Avg. Fare Revenue Oper. Cost
120 1,400 5,500 $6,500 $15,000

Passenger /Revenue Mile: 5,500/ 1,400 = 3.93 boardings per revenue mile
Passenger /Revenue Hour: 5,500/ 120 = 45.8 boardings per revenue hour
Operation Cost/Revenue Hour: $15,000/ 120 = $125 per revenue hour
Operation Cost/Passenger: $15,000 /5,500 - $2.73 per boarding
Average Fare Revenue/Passenger:  $6,500 /5,500 = $1.18 per boarding

Net Cost/ Passenger: ($15,000 — $6,500) / 5,500 = $1.55 per boarding

Farebox Recovery Ratio: $6,500 / $15,000 = 43%

The net cost per boarding passenger shows the amount of operating costs for each
boarding that is not covered by fares and must be subsidized with another revenue
source. The farebox recovery ratio shows the percentage or ratio of the cost of
providing service covered by the farebox revenue.

Identify Services with Performance Issues

Poor-performing services that fail to meet minimum standards may be considered
for a series of potential corrective actions, including schedule adjustments, route
modifications, or elimination. Schedule adjustments, including frequency and
service span, have minimal negative impacts. Route modifications can help

improve productivity and cost-effectiveness in many cases. Ridership should be
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closely examined at the stop level to identify unproductive segments or service

gaps. Route extensions or minor realignments may improve access to destinations.

Route consolidations or short-turns may reduce duplicative or excess service.
Service elimination may be considered if ridership is consistently underperforming
with a minimal likelihood for sufficient future growth. All alternative means of
maintaining service should be considered before proposing elimination. Elimination
does not preclude restoration of service at a later time; however, proven ridership
demand must exist before such a step is considered. Service alternatives may be
considered in low-density areas with moderate ridership potential. Demand-
response service may carry a small passenger market more cost-effectively than a
traditional fixed-route bus service. Vanpools may be a suitable alternative for feeder

or connector service.

Evaluate Areas for Potential Service Expansion

In the case of existing services, the standards are used to identify underperforming
lines that may be the subject of recommendations for improvement or elimination.
For new services, the standards are used to develop recommendations for service
refinements, modal alterations, or other potential improvements. Because the
process of identifying and solving problems is continuous, the performance
evaluation framework described here is also continuous, whereby the results of
specific actions are further evaluated using the performance measures used to

quantify the goals and objectives set for the system.

The evaluation of new service proposals will take place as proposals are received or
needs are identified. Ridership and cost projections for new and altered services should
be prepared whenever service changes are proposed. New services should meet
minimum standards within one year. Staff may make fine-tune adjustments during this
period. New services are implemented on a trial basis, with the length of the trial period

determined at the time of implementation.
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The final and most important step in the evaluation process is the corrective actions that
will be taken by the manager or policy board to increase the efficiency or effectiveness
of the system. This step is certainly the most challenging and creative part of the
process, but it also may require difficult choices regarding the level of service offered or
the resources used to provide the service. Once the corrective actions are implemented,
the evaluation cycle begins again with a review of the goals, indicators, and data
collection. Then, during the next review cycle, the results of the previously implemented
corrective actions are evaluated using the next period's performance results, and

additional corrective actions can be taken as needed.
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D. Data Collection

Types of Data and Information
Ridership

Transit agencies want people to ride transit. As more people ride transit, public
benefits increase, creating more positive impacts on communities. The agency
benefits from additional fare revenue, which when spread over the total number of

riders, reduces the average cost per rider.

In public transport, ridership is the number of passengers boarding a mode of the
public transit system. The concept should not be confused with the loading capacity
of a particular vehicle or the whole transit system. The gathered or predicted
ridership data is usually used by transit planners to change a route, as well as to

decide on the type of vehicle to be employed.

Transit ridership is the direct measurement of how well a transit system is operating.
Transit ridership is measured by the number of boardings at each stop along each
bus route or rail line. This information is collected and maintained by the agency,
which is important when considering the type and amount of service to provide.
Types of transit ridership information used by planners include ridership by system,

route, day, specific bus trip, per hour and per bus stop.

One of the most common types of service planning concepts involves the increase
of service frequencies in order to increase ridership. This type of scenario could
provide a general idea of how much ridership can expect to increase with the
increase of service frequencies to the routes on a system-wide level. Performance
measures could include estimated annual ridership, boarding per service mile, and
boarding per service hour. If boarding per service mile and boarding per service

hour increase in addition to ridership, then it is a strong indication that the proposed

66



service frequency increase may be advisable. If these measures decrease, then it is
a strong indication that the frequency increases would result in less productive

service. Table 20 shows how ridership data can be used as performance measures.

Table 20 - Ridership-Related Performance Measures

~N

* The easiest way to understand and evaluate transit service
is to look at annual ridership. Each agency can establish

_ thresholds and ranges of ridership by route category.
Total riders

J

~N

* Measures a route’s productivity and indicates whether
resources are being used efficiently. A route may have high
ridership, but due to an over allocation of resources, it can

be unproductive.
revenue hour )

Riders per

~N

* Change over time is used to judge the effectiveness of past
route changes and other factors. The agency can provide
new and restructured services with a trial or growth period

Ridership trend to obtain ridership targets.

J

Another potential scenario type is a service frequency decrease, which is not as
common as service frequency increase scenarios. In an era of reduced budgets
and the potential need to reduce service, this type of scenario can provide a

guideline of what kind of ridership losses would be sustained if cuts in service are
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required. Performance measures in this scenario include estimated annual
ridership, estimated scenario operating cost, net operating cost per service mile,
and net operating cost per passenger trip. If the costs saved by reducing service
were proportionally greater than the estimated loss of ridership, service productivity

would increase.

Public Input (Complaints and Suggestions)

Public involvement is critical for successful planning and is often required based on
agency or governmental policies. Public participation requires an understanding of
the various communication methods that the riding and non-riding public wish to
interact with, as well as a willingness to receive the public’s input. It is about being
sensitive to disparate needs and conflicting priorities. It provides the public with the

opportunity to be involved in transportation decision-making.

Public participation is an integral part of the transit planning process, which ensures
that decisions are made in consideration of and to benefit public needs and
preferences. Early and continuous public involvement brings diverse viewpoints
and values into the decision-making process. This process enables agencies to
make better informed decisions through collaborative efforts and builds a mutual
understanding and trust between the agencies and the public they serve.
Successful public participation is a continuous process, consisting of a series of
activities and actions to inform the public and stakeholders, and to obtain input from

both, which influence decisions that affect their lives.

Sources of public input that transit service planners depend on include community
meetings, correspondence with the agency, complaints and requests to customer
service representatives, observations and information received by transit drivers,
concerns through public officials, and other organizations interested in their

community’'s transit system.
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Public input activities provide more value when they are open, relevant, timely, and
appropriate for the intended goal of the service development process. Providing a
balanced approach with the representation of all stakeholders, and including
measures to seek out and consider the needs of all stakeholders, especially those
that are traditionally underserved by past and current transportation programs,

facilities, or services, is crucial to this process.

Market Research, Surveys

Passenger surveys are a critical source of information that guide decisions
regarding transit planning, marketing and customer service. Transit customer
service can be conducted in a number of ways (at bus stops, at transit centers, by
phone). However, experience has shown that an onboard survey is generally the
most effective way to capture a representative sampling of all riders. An onboard

survey can be used to collect a wide variety of data, including:
e Origin and destination information
e Transit use characteristics of passengers
e Demographic passenger profile
e Passenger satisfaction/attitudes
e Comparison/contrast of ridership segments
e Specific passenger comments

While conducting an onboard survey seems like a simple task to many, executing
a high-quality study that provides useful, representative data requires significant

effort and a high level of supervision.

69



In order to make transit more attractive to customers, it is necessary to gain a better
understanding of the needs and wants of individual customers. Given the fact that
a majority of the traveling public does not use transit and prefers other travel
alternatives, attracting riders to transit is possible only if transit services are

positioned as more desirable than the competing options.

A community-wide market segmentation study can measure the awareness,
knowledge and image of the transit system. In addition, it can assess the level of
potential for increased transit usage and identify the measures required to capture
that potential. Conducting a stratified sample and branched questionnaire in a cost-
effective manner is essential to collecting detailed, comparative information about
riders, potential riders and non-riders. In-depth profiles of each group should also
be created while maintaining an overall sample that accurately reflects the attitudes,
behavior and characteristics of the total community. Iterative analysis processes,
user-friendly reports, and results-oriented recommendations then turn the data into

useful information for transit managers, planners and marketers.

Focus groups are a cost-effective means of exploring the attitudes of a specific
target group (users, potential users, voters or employees). In-depth, personal
interviews can provide valuable perspectives on the demand for public transit
services among various constituencies. They can also gauge overall attitudes

toward transit and be useful in identifying issues to be further studied.

When focus groups are implemented effectively, community involvement is a
valuable qualitative research tool. Participation in community workshops,
stakeholder meetings and other outreach efforts is an opportunity to understand the
needs and views of all sectors of a community’s population. E-surveys can also be
conducted by target groups with high levels of internet access, such as college

students and employees at major worksites.
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Demographic and Socio-Economic Data

The assessment of demographic and social trends clearly highlights the fact that
potential transit customer markets are disaggregated, and should be viewed as
such. Transit agencies need to invest in better understanding its markets through
market segmentation and how they are likely to evolve. An understanding of
demographic trends and the future evolution of customer segments in one’s
markets are starting points in service development, especially new service. Several
demographic variables are correlated to transit planning, although the strength of

those correlations is the subject of considerable debate. These variables are:
e Overall population
e Age distribution
e Race and ethnicity
e Household composition, number of people in household and family distribution
e Household income
e Education level
e Residence location
e Personal vehicles per household

While most of the work in system-wide performance measures is focused on
business measures, such as revenue to cost ratios, there is also a need for transit
systems to use social indicators. An example of a type of social indicator is what
proportion of households without vehicles have access to transit services of a
specified quality. One particularly helpful social measure is an estimate of the

number of households with particular social characteristics in a transit district within
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a quarter mile of a bus stop (this is a five-minute walk at three miles per hour). For
example, one can determine the proportion of households without vehicles served
by daytime service, the proportion of households with direct access by transit to

grocery stores, and the proportion of jobs in the transit service territory.

Staff Input

Transit operations personnel are responsible for fleet management, maintenance
operations, and scheduling activities of the transit system. These different roles
represent a variety of individuals in the transit industry. Within the transit industry,
the person responsible for fleet management is known by many names: street
supervisor, starter, dispatcher, supervisor, traffic controller, and transportation
coordinator. This person actively monitors, controls, and modifies the transit fleet
routes and schedules on a day-to-day basis (dynamic scheduling). The
modifications will take abnormal situations into account, such as vehicle
breakdown, vehicle delay, detours around work zones or incidents (detour
management, connection protection, and service restoration), and other causes of
route or schedule deviations. Transit operations personnel are also responsible for
demand-responsive transit operation. In addition, the transit operations personnel
may be responsible for assigning vehicle operators to routes, checking vehicle
operators in and out, and managing transit stop issues. Input from transit operations
personnel is a critical component for the planning, development, and management

of transit routes and schedules.

Data Collection/Analysis Tools

APC, AVL, Farebox

An Automated Passenger Counter (APC) is an electronic device available for
installation on transit vehicles, including buses and rail vehicles, which accurately
record boarding and alighting data. This technology can improve the accuracy and

reliability of tracking transit ridership over traditional methods of manual counting
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by drivers or checkers, as well as estimation through random surveying. These
devices are becoming more common among American transit operators seeking
to improve the accuracy of reporting patronage, as well as analyzing transit use

patterns by linking boarding and alighting data with stop or station location.

APCs function through the use of infrared lights above or across the doorways of a
vehicle, as a set of invisible (to the human eye) beams of infrared light. The presence
of a person entering or exiting the vehicle breaks the beam. Except in extreme crush-
loads, the accuracy of this technology is quite high. The APC computer can also
integrate with an on-board GPS system to link passenger data to vehicle location.
This provides a wealth of data for agencies to analyze the utilization of the system
based on location, direction of travel, and time. Like many other data-collection
applications onboard transit vehicles, the information can be transmitted wirelessly
to a server when a bus is garaged for the day, or may need to be downloaded

through a physical connection, or could be uploaded in real time.

APCs also provide a wealth of information to transit service planners, including
boardings per trip, entries and exits per stop, and passenger miles. This information

has enabled planners to make decisions based on data and not intuition.

Automatic Vehicle Location (AVL) describes the use of computers and Global
Positioning Systems (GPS) in dispatching and tracking transit vehicles. AVL is
accompanied by the added costs of operating and maintaining additional computer
equipment, but transit agencies benefit from improvements to customer service
through real-time information. Because AVL is becoming commonplace, such as on
bus rapid transit systems, it is increasingly becoming a standard for fixed-route
systems. AVL systems can vary widely in cost -- from $100 to $7,000 per bus,

depending on the type of technology being used.
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AVL systems provide planners and schedulers with critical data such as on-time
performance and actual running times. AVL has a significant impact on improving

schedule reliability.

Automated fareboxes are also an important source of information for planners.
These fareboxes accept dollar bills, coins, tokens, magnetic-stripe tickets or smart
cards. Magnetic-stripe tickets are similar in size to a credit card. One side of the
magnetic ticket has a stripe that contains the encoded ticket information that is read
by the farebox. Magnetic-stripe tickets are either "dipped” or "swiped" in the farebox,
depending on the ticket type. Most transit systems, including those with APCs, base
their official ridership numbers on the automated fare collection system. Advanced
systems can provide helpful data on passenger trips such as route-to-route

transfers.

GIS, Planning and Scheduling Software

Public transit is key to meeting transportation challenges presented by rapidly
growing cities, rising fuel prices, budget constraints, and global environmental
issues. Global Information System (GIS) visualization and analysis tools can help
integrate critical information for effective public transit planning, operations,
monitoring, and delivery. For cost-effective route planning, GIS needs to take into
account the street network, ridership demand, and demographic and socio-
economic data. GIS software for the web enables online public access to interactive

maps and real-time arrival information.

Fleet and dispatch managers need to know when, where, and how quickly tasks
are completed to keep operations running smoothly and at the lowest cost. GIS
technology manages these business processes with real-time tracking, scheduling,

and optimum routing tools.
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GIS can provide transit agencies with detailed information on the demographic and

land use characteristics of all locations throughout its service area. Planners can
use this information to understand the characteristics of neighborhoods and
commercial areas within walking distance of existing and potential bus routes and
bus stops. With the insights developed from the analysis, the planner is able to make
efficient use of its resources and provide effective service to its customers. Table 21

outlines some potential benefits that a transit agency can achieve using GIS for its

planning and scheduling.

GIS and mapping software available on the web allows planners to see the aerial
and street views of a specific area, saving enormous time by not having to travel to
the site. For example, planners can view bus stops, roadways, and developments

along the route right from their workstation. Figure 9 shows an example of a real-

time bus tracker using GIS.
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Table 21 - GIS Benefits

Analyzes and displays travel patterns on the bus system in the context of
surrounding land use, demographics, and socioeconomic characteristics.

Provides staff, local officials, and the public with easy to understand graphical
information depicting service levels and system performance.

Targets the marketing of transit services to specific geographic and
socioeconomic markets.

Analyzes the characteristics of current and potential riders at each bus stop in
order to prioritize bus stops for ADA improvements.

Controls the administration of on-board surveys and analyzes survey results to
understand the travel patterns of its riders and validate ridership forecasting
models.

Evaluates new bus stop locations for relative accessibility and estimates the
ridership potential of each alternative location.

Quickly evaluates the impact of potential service changes.

Transfers information efficiently between databases on transit operations, land
use, population characteristics, and ridership patterns.
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Transportation Elasticity Models

When transport prices decline, mobility tends to increase, and if prices increase,
mobility decreases. Research has shown that transport price changes affect trip
frequency, route, mode, destination, scheduling, vehicle type, parking location, and
type of service. Planners use this information to predict how demographic and
economic trends will affect future travel activity. Policy makers and businesses can
predict how fuel tax, parking fee, road toll and transit fare changes affect travel
activities and revenues. This information is used to evaluate various Transportation
Demand Management (TDM, also called mobility management) intended to

change travel activity in order to achieve various planning objectives.

Price sensitivity is often measured using “elasticities,” defined as the percentage of
change of goods consumption caused by each one-percent change in price or
other characteristics, such as travel speed or transit service. A negative sign
indicates that the effect is opposite from the cause, for example, a -0.5 elasticity of
vehicle use with respect to vehicle operating expenses means that each 1%
expense increase causes vehicle travel to decline 0.5%. Similarly, transit service
elasticity is defined as the percentage of change in transit ridership resulting from
each 1% change in transit service, such as bus-miles or frequency. This elasticity
usually has a positive value since more service increases ridership. Elasticities can
also be calculated based on ratios, such as between transit fares and automobile

operating costs, or between vehicle costs and average incomes or wages.

Elasticity values are classified by their magnitude. Unit elasticity refers to 1.0
absolute value (1.0 or 1.0) elasticity, meaning that price changes cause proportional
consumption changes. Elasticities of less than a 1.0 absolute value are called
“‘inelastic,” meaning that prices cause less than proportional consumption changes.
Elasticity values greater than a 1.0 absolute value are called “elastic,” meaning that
price changes cause more than proportional consumption changes. For example,

both 0.5 and —0.5 values are considered inelastic because their absolute values are
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less than 1.0, while both 1.5 and -1.5 values are considered elastic, because their

absolute values are greater than 1.0.

Cross-elasticities refer to the percentage change in the consumption of a good
resulting from a price change in another related good. For example, automobile
travel is complementary to vehicle parking, and is a substitute for transit travel. As a
result, an increase in the price of driving tends to reduce the demand for parking
and increase the demand for transit travel. To help analyze cross-elasticities, it is
useful to estimate mode substitution factors, such as the change in automobile trips
resulting from a change in transit trips. These factors vary depending on

circumstances.
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Example of Fare Elasticity

Assuming a price or fare elasticity rate of -0.40, the ridership of a transit system would
be expected to decline due to a fare increase. In the simple example below, Transit
Agency XYZ has 60 million boardings per year. The calculations to determine the
ridership loss of increasing the fare from $2.00 to $2.50 are as follows:
% loss in ridership = % increase in fares x fare elasticity rate
% increase in fares: $2.50 / $2.00 = 1.25 or a 25% increase in fares
Fare elasticity rate: -0.40
25% x -0.40 = -10% change in ridership or 10% loss in ridership
Ridership: 60 million boardings per year
Loss in ridership: 60 million x -10% = 6 million boardings per year
New ridership: (60 — 6) million = 54 million boardings per year
Note that although there is a loss in ridership, the revenue will still be increased.

Original fare: $2.00

New fare: $2.50

Original revenue = 60 million x $2.00 = $120 million

New revenue = (60 — 6) million x $2.50 = 54 million x $2.50 = $135 million
Gain in revenue = $135 million - $120 million = $15 million

Therefore, after the fare increase, there will be a 6 million annual loss in ridership, and
a $15 million gain in revenue.
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Application of Data in Service Planning
Extracting the Important Data for Service Planning

Analysis can be seen as the process by which useful information is drawn from data.
This includes different ways to estimate a given measure and different measures
and displays that illuminate various aspects of the data. One purpose of this
synthesis is to summarize the types of service monitoring analyses used in transit
agencies. Particular attention is given to methods used to estimate system-level
ridership, passenger miles, service reliability, and passenger transfers. The statistical

accuracy of methods involving sampling is addressed as well.

Applying Data Properly for Good Planning Decisions

Transit-related data should be collected, maintained, managed, analyzed, and
interpreted for transit planning from a wide variety of internal and external sources.
To have an effective decision-making process, transit planner should consider the

following:
e Gather ridership and performance data for various transit services.

e Retrieve data from Automatic Passenger Counters, Automatic Vehicle Location

systems, fare boxes, and other sources.

e Develop existing data collection instruments and methodologies for improved

efficiency or accuracy.
e Ensure data integrity; research and correct the cause of inconsistencies.
e Perform database management and organization of public transit data.

e Provide statistical information and report analysis of public transit data.
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e Respond to data requests promptly and accurately for internal queries, as well

as those of local, state, and federal agencies.

e Develop, maintain, and submit monthly, quarterly, and annual operational reports
for internal, local, state, and federal agencies, such as the Federal Transit

Administration and the National Transit Database.

e Ensure requirements are met and documents are submitted for continued

eligibility for grant funding.

e Provide current detailed Geographic Information Systems data maps for a variety
of purposes, including scheduling software-based mapping, bus stop inventory,

display-quality route maps, and demographic representations.
e Develop and present complex data in an accessible and understandable form.

e Support special projects and research transit-related topics as needed.
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E. Plan Development

Service Design
Bus Service Networks and their Advantages/Disadvantages

Perhaps the most important factor in the quality and adequacy of service provided
by a fixed-route bus system is the design of the network of routes. In older cities,
where most major activities were concentrated in the downtown area, streetcar
lines typically fanned out in a radial pattern from the central business district (CBD)

into the suburbs (Figure 10).
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Oftentimes, when streetcars were phased out, buses followed the same routes,
although usually with some adjustments. As new suburbs were added, the routes
were extended. Although crosstown lines were often added, some local transit

systems still follow a basic radial pattern.

Radial patterns can continue to effectively serve work trips to downtown areas as
long as there is a reasonable concentration of employment. However, if downtown
commercial activities, such as shopping, are relocated to the suburbs, this type of
transit network may not have convenient access to the newer locations. For
example, instead of being able to go shopping downtown from every neighborhood,
access to a new shopping center by transit is possible only if a commuter happens
to live in the same transit corridor. Many urban activities have become
decentralized, including employment, medical facilities, college campuses, and
entertainment. These profound changes in land use in the typical American city
have made it difficult for a radially-oriented bus network to provide adequate service

for most urban trips. Clearly, other approaches must be considered.

Grid-type bus route networks such as the Tri-Met in Portland, Oregon (Figure 11)
feature relatively straight, parallel routes spaced at regular intervals and crossed by
a second group of routes with similar characteristics. They generally require a
minimum of geographic or topographic barriers and an evenly spaced network of
arterial streets suitable for bus operations. An example of a grid-type network can
be found in Chicago, where surface bus operations of the Chicago Transit Authority
follow a grid pattern, but interconnect with rail rapid transit and commuter railroad
lines that follow a radial pattern. Other examples include the grid bus network
operated by the Los Angeles County Metropolitan Transportation Authority, and by

the Toronto Transit Commission in Canada.

A major advantage of a grid-type system for an area that has widely scattered

activity centers is that riders can get to and from almost anywhere with one transfer,
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without having to travel back through a central point such as the CBD. Another
advantage is the relative simplicity of the system. The major disadvantage of the
grid system is that in order to get from any place, a transfer is often necessary. For
example, for a high volume of trips between two points diagonal to the grid,
passengers are required to make a transfer. In another kind of network, the high-
volume of trips between two points might be accommodated by more direct

routing.

Figure 11 - Portland Grid Network

For a grid system to work well, frequent service should be furnished on almost every
line: headways should be every 15 or 20 minutes or less. A grid system will not work
well with half-hour headways because it is mathematically impossible to schedule
more than a few key locations for convenient transfer connections. The remaining

locations will involve long waits for transfers (the theoretical average wait on a grid
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system is half of the headway). A successful grid system depends on good
connections and frequent headways. If population density or ridership is low and
will not support frequent headways, it is doubtful that a grid system will be very

successful.

One way to obtain certain characteristics of a grid system and still maintain the
benefits of a radial system is to use a modified grid system that crisscrosses the
lines and provides additional points where lines converge, such as at shopping
centers or colleges. By crisscrossing, the lines also provide grid-type transfer
opportunities to intermediate locations. Under a pure grid system, there may be no

direct service from the CBD to major activity centers.

Geographic Characteristics

Mode choice is the process where the means of traveling is determined. The means
of travel is referred to as the travel mode, which may be by private automobile,
public transportation, walking, bicycling, or other means. In most travel models,
mode choice is applied to travel that has already been estimated, meaning that
mode choice is applied to a trip, or group of trips, where the origin and destination

are already known.

There are many land use factors that impact travel mode. They include regional
accessibility, density, mixture of land use, roadway design and connectivity, and
parking supply and management. Population density, when combined with
employment density, has a significant impact on mode choice and ridership.
Roadway design that is radial with winding roads is not conducive to developing a
grid route system. However, ridership demand is more dependent on demographic
and socio-economic trends. In general, transit planners adapt their system to fit the

land use.
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A modeling mode choice with many factors is challenging. The main difficulty is the
availability of data. Even when large travel data sets are available, the relatively small
fraction of trips that are made by modes other than personal vehicle often does not
provide enough data to establish significant results. Available data can be seen as
either at the level of the individual or as aggregate data. For instance, population
densities, employment densities and mode choice data by census tract are
examples of aggregate data. Most available data on transit is aggregate, summary
level data. Individual level data is where information is available about a particular
individual's characteristics. Figure 12 presents key factors that influence mode

choice.

Level Of Service

Trip
characteristics

Accessibility

Users' socio-
demographic Land use
characteristics

Figure 12 - Factors Influencing Mode Choice
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Land use/urban design examples:
e Sidewalks
e Population density
e Employment density
e Parking fees / parking availability
e Availability of parking
e Average commute time
e Housing density
e Retail, commercial, service, industrial, employment density
e Average parcel size
e Pedestrian environment factors

Transit system service plans refine and detail the recommendations for transit
services set forth in the Five-Year Transit Development Plan. The transit service
provider in the region prepares these plans. More specifically, the plans are intended

to serve the following four major purposes:

e FEvaluate the performance of an existing transit system, including the
effectiveness of the existing bus route structure and services, and the financial
performance of the system and its component bus routes so as to identify areas
of effective and efficient transit service operation, along with areas of ineffective
and/or inefficient operation. Transit services that do not meet service standards

should be analyzed in detail to identify reasons for deficiencies.
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e |dentify the transit service needs of residents that are not being met or are not
being met well by the existing transit system, including travel that cannot be
made within reasonable travel times on the existing system, or cannot be made

on the existing system at all.

e Design and evaluate transit system improvement alternatives that address the
service problems and deficiencies of the existing system identified in the
performance evaluation and the unmet transit service needs. These needs can
often be rectified by reallocating resources from inefficient service without

increasing system costs.

e |dentifying and reducing duplicative service, which can have a positive impact

on the productivity of the system.

New Service and Service Enhancements

The service planning process starts by using service standards to evaluate current
service. Many planning and design elements are taken into account when
considering a service change. Service changes address issues of route efficiency,
cost-effectiveness, operational feasibility, and the availability of resources. Service

standards are applied in order to:
e improve route productivity while keeping customer impacts to a minimum;

e assure that service is provided in a fair, consistent, and equitable manner, with

consideration for transit-dependent areas / regions; and

e provide a baseline for the service planning of bus route alignments, and

scheduling frequencies for all transit modes.

Data collected on the agency’s service is compared with the service standards to
determine whether existing services perform at acceptable levels. Remedial action

plans are developed to bring the service up to standard if they are not acceptable.




Ridership data is collected using Automatic Passenger Counters (APC), Automatic
Vehicle Location (AVL), GPS, or manual ride checks. As part of the process, these

data are evaluated to perform the following remedial actions:
e Enhance/Reduce per-route service span
e |Increase/Decrease frequency
e Modify/Eliminate duplicative service
e Modify/Eliminate low ridership route segments
e Modify/Eliminate weekend service (Saturday, Sunday or both)
e Modify/Eliminate off-peak service

e Modify/Eliminate low productivity trips

Market/Promote low ridership routes

The service planning process identifies and documents service deficiencies. If
continued remedial actions cannot bring a service up to standard, it may be an
indication of changes in demand or travel patterns. Reallocating the resources may
be the only alternative to resolving such service deficiencies. Transit agencies
should continuously evaluate the performance of its services, analyze data and
develop recommendations for service changes as justified using service delivery
standards. Applying the service standard process assures that available resources
are deployed in the most effective manner. Although the service routes and
schedules should be evaluated continuously, major service changes (above the
25% threshold) can be implemented with the approval of the administration. Minor
changes are defined as modifications affecting less than a quarter (25%) of a route.
The 25% threshold refers to service changes that increase or decrease route miles

by 25% or change headways by 25%.
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The service planning process targets only short-range plans, which are six to eight
months into the future. Long-range plans, such as the Transportation Improvement
Program (TIP), the Transit Development Plan (TDP), and the Long-Range
Transportation Plan (LRTP), are incorporated into the short-range planning process
in order to align long-term visions with short-term goals. Transit agencies can work
toward the implementation of route and scheduling service changes with input and
collaboration from other divisions within the department. These divisions can assist
in the planning, scheduling, and implementation of the various modes of transit
service. Each division works as a team to plan the design and deliver optimal transit
services to its community. There are two main types of standards: Design standards

and Performance standards. Table 22 shows examples of these standards.
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Table 22 - Service Standards

* Route design

» Spacing
Design » Coverage
Standards << * Stop requirements

* Schedule design
» Service span

* Frequency/Headway

* Productivity
» Passengers per revenue mile
» Passengers per trip
» Farebox recovery ratio
SCUCUHNELESN G - Service delivery
Standards * On-time performance
* Passenger comfort

» Passenger loads

» Safety

» Accidents

Development of Sketch Plans Including Service Characteristics

Sketch planning is used to produce general order-of-magnitude estimates of transit
service and resource and cost impacts. Often, sketch planning involves
spreadsheet-based or GIS-based techniques that apply the similar concepts to
aggregated or generalized data. Because of their flexibility, these sketch-planning

tools are developed by agency staff or consultants for a specific project.

Developing sketch service plans to meet passenger and operational needs, as well
as resolving deficient service, provides planners with an idea of the feasibility of

each specific plan.
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Resource and Cost Estimation Process

An important task associated with transit service performance is the allocation of
costs and revenues among services. This information provides insight into the
relative performance of service and can provide the basis for making decisions
regarding transit resource allocation. Cost determination is the process of
identifying the total cost of providing the service. The goal of this process is to
produce an estimate of the revenue and expenses of a proposed service. The basic
source of information for this cost determination is the estimated change in

resource requirements for each proposal.

Expenses should be allocated to miles (maintenance wages and fringe, parts, fuel,
tires, and accidents), hours (driver wages and fringe), and vehicles (management,

advertising, legal fees, office supplies, training, overhead items, and utilities).

To create a cost model for transit planning, a variety of approaches are used,

depending on the situation, from sketch planning to the detailed budget analysis.

e Simple extreme: Average system cost per unit of service, i.e., total cost/hour or
total cost per mile, used for quick calculation, and analysis of a new system. This
method tends to overestimate the potential savings of a service cut or costs of a

service expansion since it includes fixed and variable costs.

e Complex extreme: Reschedule the whole system to look at the effects of a
change and run-cutting. This is used to implement services, as well as for

budgeting the next system change.

¢ Intermediate: Cost models with a limited number of variables per hour, per mile,

and per vehicle.

A complete performance evaluation requires revenue and expense estimates for

each individual service component being analyzed. For example, to perform a
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comprehensive diagnosis of a system's operating problems, the planner needs a
separate analysis of each service sector or type of service within the operation to
determine if one part of the operation is dragging down the performance of the

whole system.
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Example of Bus Service Change Cost Estimating

Transit service planners need to be able to determine, with reasonable accuracy, the cost of
a service change, whether it involves a new, extended, reduced, or eliminated route. The true
cost of a bus service change cannot be finalized until the schedules are built, run cut, and
rostered for the entire bus route division. During the early part of the planning process, the
service change costs can be calculated based on the difference in revenue hours. To
determine revenue hours, however, the planner must assess the difference in the buses
required for the service. An example of the cost estimating process is shown below. As a
service change becomes better defined, planners can obtain more accurate cost estimates
by including the change in revenue and deadhead hours, miles, and bus requirements.

Following is an example of the daily cost estimate on a route that is reducing its headways
(improving service) from 20 to 15 minutes on Bus Route 127.

Cost per revenue hour: $110
Round-trip (cycle) time: 180 minutes
Service span: 12 hrs. (6am — 6pm)

Current cost per day with a 20-minute headway:

1) Cycle time / headway = number of buses
180 minutes / 20 minutes = 9 buses

2) Buses x service span = daily revenue hours
9 buses x 12 hours = 108 daily hours

3) Daily hours x cost per hour = daily cost
108 hours x $110 = $11,880

Revised cost per day with 15 min. headway:
1) 180 min. / 15 min. = 12 buses
2) 12 buses x 12 hours = 144 daily hours
3) 144 hours x $110 = $15,840

Changing the headway of Route 127 from 20 to 15 minutes will increase the operating cost
by $3,960 per day.
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Demand and Revenue Estimation

Transit use is generally measured through the metrics of unlinked passenger trips
and passenger miles. These are the most commonly reported measures for public
transit use in the U.S,, as all agencies that receive federal support are required to
report to the Federal Transit Administration at least annually. Transit agencies
generally collect this information using a common device called a ride check. A
sample of the vehicle trips (trips from one route terminal to another) is selected, and
a person (the “checker”) is placed on the vehicle for the sampled scheduled trip(s).
That person records the location and the number of people who get on (board) and
who get off (alight) the vehicle at that location. Passenger counters have replaced
this manual system since most medium and large transit systems provide more

data at a lower cost.

One of the more common issues for transit planners is how to estimate demand
changes that might occur if various service characteristics or fares are changed.
There are a wide variety of tools that could be used to estimate changes in demand,
but one must be sure to apply a tool that fits the desired purpose. For a short

planning horizon and only one variable change, elasticities work reasonably well.

When introducing major projects such as a rail extension or Bus Rapid Transit, more
sophisticated demand models are needed. This is because such changes induce
much larger changes in traveler behavior, such as possible changes in overall trip-
making, origins, destinations, modes of travel, routes, and time of travel (among
others). Perhaps most controversial in the area of transit demand estimation is the
forecasting of future ridership (unlinked trips) on proposed new service. Many
forecasts have been overly optimistic in their forecasts of transit ridership, while
underestimating the actual costs. From these forecasting experiences, one might

make a few observations.
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There will be errors in any ridership forecast. Some forecasts have strongly over-
predicted the actual ridership, while others have under predicted the ridership.
There are many sources of errors in these forecasts. Either more transparency is
needed about these possible errors, or sensitivity analysis on assumptions in the

models need to be performed, which can be useful in explaining uncertainties.

In the past, there were incentives to over predict ridership to make the major transit
Investments seem more cost-effective in attracting riders to transit. This is especially
true when the federal share of the capital costs (which often range in the hundreds
of millions to billions of dollars) can be up to 80% or more. There are a large number
of factors that can be considered in developing new transit systems. Attracting new
riders to public transit remains only one of many possible factors that could
influence the political decisions of new transit systems. Specifically, political,
economic, and social welfare considerations can often weigh heavily in the

decision to develop new rail transit systems.

Fine Tuning of Plans through Approval Process

Planning decisions are made in a continuing, cooperative and comprehensive
fashion. “Continuing” means planning decisions are made and revisited over time
to ensure the decisions still make sense and are the best courses of action.
‘Cooperative” means there are many people, interest groups, agencies, and
stakeholders involved. Everyone has a right to voice their opinion on the proposed
decision. After hearing and carefully weighing all of the opinions, the decision-
making authority makes the planning decision. The decision-making authority is
usually an elected or appointed board of people that represent the public at large.
‘Comprehensive” means that all relevant information and factors are considered in

making the decision.

Public involvement in transportation planning is an integral part of the transit

planning process. Through public workshops, hearings, open houses, task forces,
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citizen committees, commission meetings and the media, the public is informed of
transportation planning issues and given opportunities to comment on such plans
or programs. In addition, the operations staff and other outside stakeholders should
be included to provide input. Figure 13 represents the major steps In the transit

service planning process.

Defining
Performanc
e Measures

Improveme
nt Program

Plan
Approval

Figure 13 - Transit Service Planning Process

Rail Service Planning Related to Capacity

Capacity analysis and planning are the processes that are the most dependable

and economical methods of operating a given rail system. Getting the most benefit
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from capital dollars requires careful planning. Adding more rail cars may eliminate

overcrowding and delays at that location.

Infrastructure in general is expensive. The rail infrastructure may not be able to
produce results defined by a market-driven schedule, resulting in delays, expenses,
and dissatisfied customers. The schedule analysis is used to investigate each step
required to provide transportation. It can be static, as in the development of the
operating plan and the customer schedules, or it can be dynamic, as in creating the
plan necessary to recover from unforeseen events ranging from an online
mechanical failure to a derailment or natural event that results in the closure of the
line for a period of time. The result is the schedule or operating plan that can be

reliably met at the least expense.

Improving Transit through Efficient Planning

All transit systems desire cost-efficient and cost-effective service that meets their
goals and uses taxpayers’ money wisely. To achieve this, transit agencies must
design their services to be consistent with their standards and policies. Monitoring
the service and identifying inefficient service, and then correcting it is essential for a

productive transit system.

Making the Tough Decisions of Service Reduction

There are some occasions when transit systems are forced to cut service, raise
fares, have layoffs, or sometimes do all of these simultaneously, despite a continued
demand for service (due to rapid increases in fuel prices resulting in increased
demand for service and increased operating costs). When a financial collapse
affects economic conditions across the country, public transit systems are
confronted with budgetary pressures, which are made even worse by declining

revenue from local, regional and state sources.
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Cutting transit service is one of the most difficult tasks undertaken by service
planners. The goal of service reduction is to reduce costs with a minimum impact
on passengers, especially those with limited or no alternative transportation. The
service planner must balance service reductions that have a major impact on a
smaller number of riders versus a minor impact on a larger number of riders. The
decision is oftentimes whether to increase the headway on a route that barely meets

standards or discontinue a poor route with fewer riders with no transit alternative.
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Example of Service Planner Decision-Making

Service planners must make decisions on the reduction of service that not only meet
standards, but can also have a significant impact on passengers. An example of this
decision-making process is shown below:

Transit System XYZ standards:

Minimum average boardings per hour: 15.0
Maximum load factor: 100%
Maximum headway: 60 minutes

For budgetary reasons, Transit Agency XYZ must reduce their vehicle requirements
by two buses. In this example, two routes will be considered.

Headway  Buses Avg. Total Avg.

Bdgs./Hr. Bdgs./Day Load Factor
Route A 10 min. 12 20.0 1,200 0.25
Route B 60 min. 2 12.0 120 0.12

A planner will notice that Route A meets the minimum standard for boardings, while
Route B does not. However, discontinuing Route B would result in no alternative
transit service for many of the 120 daily passengers. Although Route A meets the
minimum performance standard, there is an unused capacity, as the load factor is
0.25 on a 40-foot bus. Saving two buses on Route A results in the following:

Headway Buses Avg. Total Avg.
Bdgs./Hr. Bdgs./Day Load Factor
Route A 12 min. 10 24.0 1,200 0.30

Changing the headway from 10 to 12 minutes is the more appropriate service interval
for Route A, resulting in a more productive route with very little impact on the riders.
Since Route B has a 60-minute headway with two buses, reducing it to one bus or
eliminating it would have severe, negative consequences for the riders. Planners may
wish to search for other ways to make Route B productive, such as a marketing
campaign or merging it with another route.
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Improving Capacity by Increasing Travel Speed

The capacity on a bus route is the product of the route’s frequency and the number
of passengers on each bus. To obtain a higher capacity, one may increase the
frequency of buses or increase the passenger-carrying capacity of each bus, or
both. Improved speeds can result in a better headway at no additional cost if the
average speed of a route can be increased by either reducing bus stops or providing

priority to transit.

Planning and Scheduling Measures to Improve Reliability

Reliability is one of the service characteristics most important to transit customers,
while service quality and customer satisfaction have been linked to higher levels of
retention, and possibly even ridership gain. Interestingly, studies of travel behavior
suggest, depending on trip length and total travel time, the cost of unreliable service
may actually be greater than the cost of travel time. Over time, the inconvenience,
uncertainty, and added time costs of unreliable service diminish user confidence
and may result in decreased ridership. Thus, improving the consistency of transit
waiting and travel time might foster a larger, more satisfied, and more committed

base of customers.

In theory, improving transit service reliability has been linked to increases in transit
demand for particular routes and should also increase service productivity, given
accurate schedules. Reliability is the ability of the transit system to adhere to a
schedule or maintain regular headways and a consistent travel time. In other words,
reliability can be defined as the variability in the system'’s performance measured

over a period of time.

Methods for improving transit service reliability include: implementing changes in
driver behavior (through training), better matches of schedules to actual service,

Implementing control actions such as bus holding at timepoints, implementing
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transit signal priority (TSP), and modifying route design (route length, bus stop

consolidation, and relocation).

On-Time Performance

Transit agencies often use the following measures in an attempt to improve the

schedule adherence of their routes:

e Modify schedules by adding a running time, known as schedule padding. This is
the most common solution, but agencies often add a running time by cutting the
layover time, which adversely affects the ability to recover from unplanned
incidents. If the layover time is to remain the same, it may require an increased

expenditure in the system'’s budget or a slight reduction in the number of trips.

e Cutting other underperforming services. The savings generated from eliminating
or reducing other services may be used to improve service reliability on other

higher-performing routes.

e Modifying routes to a route where buses can be less obstructed, provided this

does not interfere with the ability of riders to reach their buses.

e Splitting a long route into two or more shorter ones, as shorter routes are more

likely to remain on schedule.

e Some cities have introduced bus rapid transit services or limited stop lines on
long, overcrowded routes. This involves the use of part of the route's budget to
operate another line on the same route that stops only at key points. While the
overall frequency of the original route is reduced, riders traveling over a longer

distance have the option of taking a quicker trip on the limited-stop line.

Differences also exist between how reliability is perceived by transit agencies versus
passengers. A reliable service for a passenger is one that can be easily accessed at

both the origin and destination and arrives predictably, resulting in a shorter waiting
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time, has a short in-vehicle time, and has low variance in run time. This means that
any deviation from these factors results in a decline in reliability, and the key
difference between the two perspectives is run time. In this case, an efficient transit
planning and, particularly, scheduling can improve reliability. The service planner
and scheduler must balance schedule reliability with system efficiency. For
example, increasing route recovery time can improve on-time performance, but

recovery is non-revenue time and the route becomes less efficient.

Coordination with Other Transportation Organizations

To truly serve the future transportation market, transit service will need to become
less stratified and more regional, with seamless connections for passengers
traveling between one provider and the next. Coordinating public transportation
across traditional agency or jurisdictional boundaries, in many instances, will

require new paradigms of service delivery.

A coordinated public transportation system efficiently provides comprehensive and
user-friendly public and private transportation services. Transportation programs
share resources, facilities, and information, as well as coordinate trip reservations,
scheduling, dispatching, and passenger trips. Currently, many social service
programs that serve the elderly, children, low-income, and people with disabilities
are faced with funding and/or programmatic barriers that discourage coordinated
transportation services. These barriers often result in the duplication of
transportation services, or result in riders’ unmet transportation needs. Removing
these institutional barriers is often the first step to offering coordinated transportation

services.

Coordination is not a goal in itself; it is a tool to be used in meeting the overall goal
of better mobility and an increased cost-effectiveness of services. A successful
coordination effort will lead to changes in institutional structures (e.g., numbers of

providers, funding sources used, etc.); services (e.g., service types, hours per day,
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areas covered, etc.); and performance (e.g., efficiency, effectiveness, and cost-
effectiveness). When implemented correctly, these changes will lead to the ultimate

goal of increasing consumer satisfaction through greater community mobility.

The benefits resulting from coordination efforts depend on the type and degree of
coordination and on the characteristics of the region. In developing a coordination
plan, stakeholders may want to emphasize some benefits as particular goals for

their region. Some potential benefits of transit coordination efforts are listed below:
Benefits to transit riders/travelers:
e More travel alternatives for commuters
® Increased mobility and independence for people who do not drive
e |mproved availability and convenience of medical trips
Benefits to transit providers:
e |mproved cost-effectiveness and use of resources
e Expansion of service area and client base
e |mproved visibility of transit service in the community
e Ability to leverage new funding sources
Benefits to transportation system:
e Reduction in vehicle emissions
e Additional travel capacity without building more lane miles
Benefits to employers and the workforce:

e Opportunity to attract new workers
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e Reduced need for parking facilities

e Potential element of corporate pollution-reduction programs

105



F. Implementation of Service Plans

Facilities Planning
Operating Logistics

The primary area within the street devoted to bus movements is called the “bus
zone,” which allows the vehicle to pull over to the curb for the purpose of loading
and unloading passengers. The geometry of the street should accommodate both
transit and general traffic. Bus transit requires a stop location within the roadway
that provides the vehicle sufficient space for deceleration and acceleration (to exit
and reenter traffic flow), and requires a clear area to discharge and receive

passengers efficiently and safely.

A bus terminus is a designated place where a bus starts or ends its scheduled route.
Termini can be located at bus stations, interchanges, bus garages or bus stops.
Termini can start and stop at the same place, or may be in different locations for

starting and finishing a route.

At the end of a route, a bus turnaround should be provided to enable the buses to
return to the service routes. Ideally, this should be beyond the last stop at an off-
street location. A bus turnaround is a roadway facility that expedites a bus return to
the roadway or bus route, and can be incorporated into designs for new

developments to allow the buses to operate on the site.

Bus turnaround facilities may be used as an off-street waiting and service area for
transit passengers, and should be designed so the bus can be turned in a counter-
clockwise direction for better visual capabilities for bus operators. They should also

be designed for adequate space for a bus to pass a standing transit bus.
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Bus Stop Issues

A high-quality transit stop is one that is well connected to the neighborhood or
community it serves, accommodates the needs of all transit passengers safely and
comfortably, and permits efficient and cost-effective transit operations. Stop
spacing refers to the distance between stops along a route, and reflects a trade-off
between transit accessibility (convenient access to frequent stops) and operating
efficiency. Simply put, additional stops along a route make it more accessible by
walk-up riders, but cause the route to operate more slowly for riders already in the
vehicle. This impairs the transit service's efficiency and cost-effectiveness, and

makes it less attractive to riders.

The design of bus stop waiting areas and provision of amenities that enhance
security and comfort plays a significant role in a person’s decision to use transit.
Passenger amenities are installed at selected bus stops to improve passenger
comfort and the relative attractiveness of transit as a transportation alternative. The
selection of bus stops at which to install amenities takes into account a number of

factors, including:
e Average daily boardings
e Proximity to major trip generators
e Passenger activity
e Surrounding land uses
e Planned neighborhood improvements
e Transit corridor marketing efforts

e Equity among communities in the valley
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e Proximity of other nearby sheltered areas
e Proximity to other bus stops on the opposite side of the street

e Customer and community requests

The proper location of bus stops is critical to the safety of passengers and motorists,
and to the proper operation of the transit system. Bus stops are generally located at
intersections where they maximize pedestrian accessibility from both sides of the
street and provide connections to intersecting bus routes. The first design
determination in bus stop placement is whether stops should be near-side (before
the intersection), far-side (after the intersection), or mid-block. Bus turning
movement and the location of major generators frequently dictate the placement of

stops at or near an intersection.

Far-side bus stops (Figure 14) are located immediately after an intersection,
allowing the vehicle to pass through the intersection before stopping for passenger
loading and unloading. When the bus reenters the traffic stream, the upstream
signal regularly generates gaps in traffic, allowing buses to reenter the traffic lane.
Far-side stops require shorter deceleration distances and provide for additional
right-turn capacity by eliminating bus blockage within the curb lane on the
approach to the intersection. Additionally, the location of the stop encourages
pedestrians to cross behind the bus. These safety and capacity benefits are the
reasons that far-side stops are often preferred by transit agencies if traffic signal and
geometry conditions are favorable (Bureau of Local Roads & Streets Manual,
Special Design Elements, IDOT, pg. 41-4(1), 2006).
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l J l J Far-Side Bus Stop —— bus stops

- immediately after passing
— through an intersection

Near-Side Bus Stop —— bus stops
—- immediately prior to an
—— intersection

. Midblock Bus Stop —— bus stops
within the block

Figure 14 - Far-Side, Near-Side, Midblock Bus Stop Example (TCRP 19)

During peak periods, however, when bus queuing is possible, intersections may be
blocked by buses waiting to access the bus stop. The act of accelerating at an
intersection and then immediately decelerating at the bus stop has the potential to
increase the number of rear-end collisions. Additionally, queued buses may restrict

sight distances for crossing vehicles and pedestrians.

Near-side bus stops (Figure 14) are located immediately before an intersection,
allowing for passenger unloading and loading, while the vehicle is stopped at a red
light, preventing double-stopping. When the bus is ready to reenter the traffic
stream, the intersection is available to assist in pulling away from the curb and
provides the driver with an opportunity to look for oncoming traffic and pedestrians.
Near-side stops also allow passengers to board the bus immediately adjacent to

the crosswalk, minimizing walk distances.
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During peak periods, however, queued buses may block the through lane on the
approach to the intersection, potentially disrupting traffic flow. The stop
configuration also generates conflicts with right-turning vehicles, and delays
associated with loading and unloading may lead to unsafe driving, in which right-
turning vehicles drive around the transit vehicle to make a right turn in front of a bus.

Additionally, queued buses may restrict sight distances for crossing pedestrians.

Mid-block bus stops (Figure 14) are located in between intersections, which are
generally less congested locations than intersection stop locations. As pedestrian
crossings are less common at mid-block stops, vehicle and pedestrian sight
distance concerns are typically minimized, but the distance passengers must travel
between the bus and a protected crosswalk is increased. These stops can be paired
with major mid-block generators to reduce walking distances for the majority of

transit uses at the stop.

Mid-block stops should generally be used only under special circumstances.
However, they increase walking distances for transit users crossing at the nearest
intersection, and even encourage illegal mid-block street crossings. Additionally,
mid-block stops require both deceleration and acceleration areas, requiring either
additional no-parking restrictions or increased turnout construction costs,
compared to intersection stops. Tables 23 and 24 give a better understanding of the

comparison of these types of bus stop locations.
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Table 23 - Disadvantages for Typical Stop Locations

Far-side stop

Near-side stop

Mid-block stop

*Traffic conflicts may
occur.

*A bus stopped near the
intersection may block
sight lines for
pedestrians and
vehicles.

*Can cause the bus to
double stop.

*Rear-end incidents may
be more frequent.

*Conflicts between the
bus and right-turning
vehicles may arise.

*The bus can physically
obscure general traffic
sight lines.

*Multiple buses queuing
during peak hours may
obstruct traffic.

*Crossing pedestrian
sight lines are
obstructed.

*May present a conflict

between pedestrians
and passengers.

*Can present safety
concerns.

*Requires more physical
space for the bus to
accelerate and
decelerate.

*Reduces space
availability for on-street
parking.
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Table 24 - Advantages for Typical Stop Locations

Far-side stop

Near-side stop

Mid-block stop

*Minimizes conflicts with
right-turning vehicles.

*Minimizes sight line
conflicts for drivers and
pedestrians.

*Encourages
pedestrians to cross
safely behind the bus.

*Create a shorter
deceleration zone for
the stop area.

*The gap in traffic flow
created by the signal
allows the driver room
to pull back into the
travel lane.

*Most effective stop
location for Transit
Signal.

*Priority (TSP):
preferential treatment
for transit vehicles at
traffic signals.

Park-Ride Lots

*Minimizes traffic
interference during
peak hours.

*Passengers are able to
board the bus closer to
the crosswalk.

*Bus can use the
intersection for
acceleration space.

*Avoids double stopping
for both signal and
passenger movements.

*The driver has the
advantage of the full
view of intersection
activity.

*Can allow passengers
to transfer without
crossing the street.

*Minimizes sight line
obstructions for both
driver and passengers.

*Conflicts with
intersection traffic are
minimized.

*A more spacious
waiting area may be
provided.

*Works well when a high
volume of passengers
board and alight, or the
bus has an extended
dwell time.

*Greater passenger
convenience at key
mid-block trip
generators.

Park-and-ride (or incentive parking) facilities are car parks or parking lots with

connections to public transport that allow commuters and other people headed

to city centers to leave their vehicles and transfer to a bus for the remainder of the

journey. The vehicle is stored in the car park during the day and retrieved when the
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owner returns. Park-and-rides are generally located in the suburbs of metropolitan
areas or on the outer edges of large cities. Park-and-ride is abbreviated as "P+R" on

road signs.

In theory, park-and-ride facilities allow commuters to avoid the stress of driving a
congested part of their journey and facing scarce, expensive city-center parking.
These facilities are meant to avoid congestion by encouraging people to use public
transportation as opposed to their own personal vehicles. They do so by making it
easier for people to use public transportation in an urban area with traffic
congestion. Park-and-ride facilities serve the needs of commuters who live beyond

a practical walking distance from a bus stop, which offers service to the city center.

Park-and-ride facilities may suit commuters with alternative fuel vehicles, which
often have a reduced range, since the facility may be closer to home than the
ultimate destination. They also are useful as a fixed meeting place for car-sharing
and car-pooling. Also, some transit operators use park-and-ride facilities to
encourage more efficient driving practices by reserving parking spaces for low

emission designs, high-occupancy vehicles, or car-sharing.

Many facilities provide convenient services such as passenger waiting areas and
toilets. At larger facilities, additional services such as a travel office, food shop, car
wash, cafeteria, or other shops and services may be provided. These are often
encouraged by municipal operators to improve the attraction of using park-and-

ride.

A bus station is a structure where city or intercity buses stop to pick up and drop off
passengers. It is larger than a bus stop, which is usually simply a place on the
roadside where buses can stop. It may be intended as a terminal station for a
number of routes, or as a transfer station where the routes continue. Bus station
platforms may be assigned to fixed bus lines, or vary in combination with a dynamic

passenger information system.
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Americans with Disabilities Act (ADA) Requirements

The Department of Transportation has issued regulations mandating accessible
public transit vehicles and facilities. The regulations include requirements that
specify that all new fixed-route, public transit buses be accessible, and that
supplementary paratransit services be provided for individuals with disabilities that

cannot use the fixed-route bus service.

The ADA Title Il applies to public transportation services such as public city buses
and rall transit systems, like Amtrak, commuter rails, and subway systems. Public
transportation agencies may not discriminate against individuals with disabilities.
They must also abide by a number of other ADA requirements, such as providing
disability access in new vehicles, and providing the disabled with access to bus

stops.

In addition, the ADA requires public transportation agencies to provide paratransit
services. Typically, this is a van transportation service that assists individuals who
are unable to use public transportation due to a physical or mental impairment; the
individuals are picked up and dropped off at their destinations. The paratransit
service must be comparable to the city's fixed bus system, in terms of routes and

availability.

In complying with the ADA's requirements, the United States Department of
Transportation (USDOT) has issued minimum guidelines for accessibility on public
transit vehicles. Some important vehicle regulations in assisting Americans with

disabilities are:

e Platform barriers to prevent wheelchairs from rolling off
e Strong and large handrails

e Vehicle ramps or bridge plates
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Lift equipment to load wheelchairs

Priority seating for the disabled

Proper and clear doorways and pathways in subways

Proper lighting on ramps and doorways

In addition, the ADA has several requirements for bus stops, shelters, access to

stops and transit stations, all of which the transit planner must be familiar with.

Plan Approval/Acceptance

Title VI

The Federal Transit Administration (FTA) issued Circular 4702.1A in 2007, which
defines Title VI and Environmental Justice compliance procedures for recipients of
FTA-administered transit program funds. Specifically, the FTA requires recipients to
evaluate significant system-wide service changes and proposed improvements at
the planning and programming stages to determine whether those changes have

a discriminatory impact.

According to Section 601 of Title VI, “No person in the United States shall, on the
ground of race, color, or national origin, be excluded from participation in, be denied
the benefits of, or be subjected to discrimination under any program or activity

receiving Federal Financial assistance.”

Disparate Impact: The Federal Transit Administration defines “disparate impacts”
as neutral policies or practices that have the effect of disproportionately excluding
or adversely affecting members of a group protected under Title VI, and the
recipient’s policy or practice lacks a substantial legitimate justification. If the results
of the analysis indicate a potential for disparate impacts, further investigation is

performed. This investigation uses qualitative assessments and/or the “four-fifths
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rule” to determine whether disparate impacts exist. In this analysis, if the quantitative
results indicate that the Concept Plan service changes provide benefits to
minority/low-income groups at a rate of less than 80 percent of the benefits provided
to non-minority/non-low-income groups, there could be evidence of disparate
Impacts. If disparate impacts are found using this threshold, mitigation measures
should be identified and implemented if it meets the same legitimate justification

with less disparate impact.

Management Concurrence

An agency can prepare an annual Service Implementation Plan to document route
performance and identify pending and potential changes and improvements to bus
services for the next several years. The plan identifies near-term strategies for
service improvement to implement a comprehensive plan for public transportation.
Service changes allow the modification of existing route alignments, schedules, bus
stops and facilities in order to improve overall service. For minor changes, it is typical
for the process to remain internal to the agency. No public comment or board
approval is needed. For major changes, public input, committees, and board
approval all become part of the process. Whether the changes are major or minor,
service planners must obtain the approval of management before going to the

public.

Community Meetings and Public Hearings

The components of the public input process can vary from agency to agency, but
involves some method for the public to be involved and voice concerns about any
major proposed service changes. Agencies may use public hearings (the most
common method), neighborhood meetings, open houses, and focus groups as
ways to gather interested customers together. In addition, onboard customer
surveys are another method used to gauge public opinions. Transit agencies

employ committees as a process to refine service plans, and eventually to make
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recommendations to the board. Committees can be internal to the transit agency
and can be composed of members of service planning and operations (including
bus drivers). Other transit departments may also be consulted during this process.
External committees include the Citizen’s Advisory Committees (CACs) and
Technical Advisory Committees (TACs). It may be required by the local city or county
government that agencies present service changes to these committees prior to
presenting to the board. It is nearly a universal practice among all transit systems

that major service changes must be approved by the local city or county board.

In an effort to gather input from the public and to inform transit users of all scheduled
changes to the service, the agency will gather input continually from the public
through telephone conversations, letters, e-mails, and regularly scheduled
Community Outreach meetings. In addition, surveys may be conducted for users
and employers/employees that have requested some modification to the transit

service.

Prior to finalizing any service change, an agency will conduct Community Outreach
meetings in areas that will be most directly affected by the change. When a
proposed change would eliminate a route or significantly reduce the span of service
or frequency of service along a route, the agency can actively solicit and consider
input from the affected area through neighborhood meetings and/or onboard
surveys. A significant reduction in the span of service on a route is often defined as
the elimination of a time period (such as midday service) or weekend service. A
significant reduction in the frequency of service on a route can be defined as a 100%
increase or more in the headway of the route. A major service reduction is defined

as a decrease in annualized service hours by more than 25% on a route.

Prior to each service change, the modifications are presented to the board for their

information or approval. Such meetings are open to the public.
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Staff Acceptance and Union Agreements

A Union agreement is a written, legally enforceable contract for a specified period
(usually one year), between the management of the agency and its employees
represented by an independent trade union. It sets down and defines conditions of
employment (wages, working hours and conditions, overtime payments, holidays,

and vacations benefits) and procedures for dispute resolution.

To initiate the implementation of a transit plan, agreements are made between the
parties who are either representing the transit agency or the employees. The
collective bargaining agreement must be adhered to, but implementing service

changes will go smoother if the union is involved and buy-in to the process.

Agency Coordination

Transit operators are most likely to achieve measurable improvement in the safety,
efficiency, and quality of service that users experience in their day-to-day use of
transit systems when they work together to develop strategies and tactics. The
successful conception, development, implementation, and execution of these
strategies and tactics may be used to achieve an intra-agency functionality in the

transportation system.

Collaboration should go beyond solving a problem. Its purpose should be that of
combining the knowledge, expertise, and information of many disciplines within the
agency to produce and operate an efficient transportation system. Service planning
must support operations by informing transit operators of changes in routes.
Operator training must be fully aware of upcoming service changes to advise
operating personnel. Planning also must coordinate with marketing on the best way

to provide the changes to the riding public.
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Planning Reports

Periodic Ridership and Productivity Reports

How often performance measures are compiled and reported vary widely from one
agency to another. There is no particular correlation between an agency’s size and
the frequency of reporting, except for a few larger agencies that report results daily
or weekly to a department and upper management. The most common reporting
periods are monthly, quarterly, and annually, and many agencies use more than

one reporting period. Figure 15 presents an example of a productivity report.

Bus Ridership by Service Provider, FY 2006-2013

10,000,000
8,000,000
6,000,000
4,000,000
2,000,000
o
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WCAT  mNSCU Wolfline  m *Triangle Transit W C-Tran

12,000,000

Source: National Transit Database, Transit Service Providers, 2014 *TriangleTranst includesservice inDurhamCo. and Orange Co.

Figure 15 - Example of Triangle Transit Productivity Report

Some agencies report more detailed (e.g., route-level) results only once a year, with
system-level information reported more frequently. However, others do the

opposite. Measures that require more extensive data collection (e.g., origin-
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destination or customer satisfaction surveys) tend to be evaluated no more than
once a year. However, agencies with automated equipment (e.g., electronic
fareboxes, automatic passenger counters, or automatic vehicle location units) are
able to calculate measures using those data much more frequently. In addition, the
large agencies that have passenger environment survey programs conduct surveys
on an ongoing basis with permanently assigned staff. Service planners are normally
involved in the development of ridership and productivity reports, especially since

they are the primary users.

Detailed Descriptions of All Service Change Proposals

A Service Change Proposal should include:

e The description of the problem

e Avrationale reason for the change

e A proposed solution for the problem
e Services to be changed

A complete explanation of the service change and the reasons why they are
important is necessary for public acceptance. Figure 16 shows an example of a

service change proposal.

Title VI Analysis of Service and Fare Changes

The Federal Transit Administration's Office of Civil Rights works proactively on a
collaborative basis with transit providers to ensure that the impacts of service and
fare changes are distributed equitably to minority and low-income populations and
are not discriminatory. The FTA seeks to ensure that minority, low-income, and
limited English proficient communities have an equal opportunity to participate in
the public involvement process that often precedes a decision to change service

and fares.
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Proposed changes to routes 9 and N9 at Piccadilly Circus

REGENT sTREET (9 \
Va4

X

I Proposed routes 9 and N9

- Roads that would no longer be
served by routes 9 and N9

. Bus stops served
‘ Bus stops no longer served
‘ Potential new bus stops
TPL2I27 | xxxx WP}

Figure 16 - Example of Service Change Proposal (Source: Transport for London)

The Title VI Requirements and Guidelines for Federal Transit Administration
Recipients provides service and fare equity guidance to transit agencies with 50
additional fixed route vehicles in peak service in large urbanized areas (over 200,000
iIn population). Public transportation providers must follow Title VI's guidelines prior
to the implementation of fare changes to ensure that minority and low-income
populations are not unfairly affected. The written procedures and results of service
and/or fare equity analyses shall be included in the transit provider's Title VI
Program. For service changes, this requirement applies to “major service changes”
only. Service planners conduct the analysis to determine if there are disparate

Impacts and prepares the justifications for the major service change.
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G. Transit Service Monitoring

Data Collection Plan

The two broad categories of service monitoring activities are ridership monitoring
and route/branch performance monitoring. Ridership monitoring helps control if the
service provided is adequate to the passenger demand. Data collection and
analysis activities for this type of monitoring include point checks, ride checks, and
analysis of data to determine passenger boardings. Ridership monitoring permits
quick response to demand changes. Route/branch performance monitoring
ensures the effectiveness of existing services with respect to their variable operating
costs and usage. Data collection and analysis activities for performance monitoring
include running time checks, point checks, bus productivity analysis, and analysis

of data.

The National Transit Database (NTD) was established to accumulate financial and
operating data on mass transit. A transit agency with ten or more vehicles in peak
service must submit reports to the NTD. An agency with 100 or more vehicles, or
lying within an urbanized area greater than 200,000 persons, has greater reporting
requirements than a smaller property. The Federal Transit Administration (FTA) uses
the information for many purposes, such as making “formula” grants under the
Urbanized Area Formula Program. Formula grants are apportioned according to an
agency’s operating expense, passenger miles and revenue miles. An agency should
provide annual boardings, passenger miles, revenue miles and revenue hours for

fixed-route service. There are specific requirements in seeking approval from FTA:

e Written sampling plan to clearly describe the sampling and factoring

methodology.

e Written calibration plan to identify outlying data and ensure proper counting

operation.
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e Concurrent application of NTD reporting by new and old methodologies over a

fiscal year, and a comparison between the two methods.

e Certification by a qualified statistician that the methodology meets or exceeds

FTA's prescribed confidence and precision level of 95% +/- 10%.

Once transit agencies submit their data to the NTD, an FTA contractor performs data
validation procedures to confirm that the data are complete and do not vary 10
percent more or less from the previous year's data. The contractor notifies the transit
agency of any data issues discovered during the validation process, and then the
agency reports the data (such as revenues, expenses, and transit service
characteristics) to the NTD. FTA validates transit agencies’ NTD data using
automatic checks and a manual validation process. Using NTD data, FTA runs
annual formula calculations to determine the allocation of formula grant funds to
the urbanized areas. Transit agencies in each urbanized area decide how to divide

the funding from the formula grant.

On-Time Performance

On-time performance or schedule reliability directly impacts transit passengers; it is
considered a key measure of transit service. It is a measure of system reliability and
influences customer satisfaction. On-time performance is normally calculated by
randomly sampling timepoints and recording whether the transit service is on-time,
late, or early. Some systems consider departure from scheduled time to five minutes
late to be “on-time.” However, there are no industry standards. There are systems
that consider a range from two minutes early to five minutes late to be on-time, while

others use one minute early and five minutes late.

In general, on-time performance standards for U.S. transit systems range from 75%
to 95%. Aside from the manual collection of random timepoint samples, most large

transit systems use AVL or APC data to determine on-time performance.

123



Passenger Complaints

During the normal course of providing service to the community, it is possible that
passengers and/or members of the public will desire to lodge complaints about the
quality of new or revised transit service or the manner in which transit service is
delivered. Every effort should be made to handle these issues quickly, courteously
and fairly. All employees should be reminded that everyone in the community has
the right to express concerns about transit operations. One should also remember
that the mere allegation of impropriety, however, does not establish proof that a
violation has occurred. Every effort will be made to address and resolve customer

complaints as quickly as possible.

A complaintis an allegation by a member of the public that there has been a specific
violation, misinterpretation, or inappropriate act by a member of the transit agency.
There are toll-free complaint lines (to the drivers, station managers, track workers
and other employees) for buses. Complaints are entered into a database and are
then forwarded to the relevant department for investigation. Passengers can also
go to walk-in centers or mail complaint letters to the agency’'s address (or emaill
through the agency's website). Agencies have a systemic way of handling

complaints up the chain of command.

Market Research

Market research is a key factor to maintaining competitiveness among competitors.
It provides important information that identifies and analyzes the market need,
market size and competition from both riders and non-riders. Market research,
which includes social and opinion research, is the systematic gathering and
interpretation of information about individuals or organizations using statistical and
analytical methods and techniques of the applied social sciences to gain insight or

support decision making.
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Transit agencies use market research for a variety of purposes:
e scheduling and operations planning
e |ong-range planning and design
e performance analyses
e market penetration and market segmentation analyses
e data gathering on mode choice and travel patterns
e consumer perceptions and preferences
e pricing elasticity
e customer satisfaction
e trip planning
e supply and demand

e crime mapping

new product and service evaluations

In addition, market research shows where to target resources to have the greatest
impact on maintaining and increasing ridership. Because the data are used
extensively throughout the major departments within transit agencies, reliable and

cost-effective market research is a priority.

Figure 17 shows an example of a bus rider survey used by PSTA.
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@ Bus Rider Survey

PSTA needs your help to provide improved bus service in Pinellas County. Please help us serve you better by
completing this survey and returning it to the surveyor. Thank you.

1. What time is it NOW? Hour): (Minute) (AM PM) (Please circle one)

_{

. What TYPE OF PLACE are you COMING FROM NOW? Please v'the starting place of this
ONE-WAY TRIP (Please v only one)
1__Work 4__School (K-12)
2 Medical s__College/Tech
3__Social/Personal/Church s__ Recreation

7__Shopping/Errands
s__Home

o__Other (specify)

3. Whatis the NAME of the PLACE, BUSINESS, OR BUILDING you are COMING FROM NOW?

Name of Place, Business, or Building (e.g., Dali Museum)

4. How did you get to the bus stop for this ONE-WAY TRIP? (Please v only ONE)

1__Walked mm # blocks?
2 Bicycled mmb# blocks?
3__Drove & parked map # miles?

s__Was dropped off
5 Rode with someone who parked

o__ Other (specify)

5. What TYPE OF PLACE are you GOING TO NOW on this ONE-WAY TRIP? (Please v the
ending place of this ONE-WAY TRIP) (Please v only ONE)

1__Work 4__School (K-12) 7__Shopping/Errands
2 Medical 5__Caollege/Tech 8__Home

3__Social/Personal/Church &__Recreation o__Other (specify)

6. What is the NAME of the PLACE, BUSINESS, OR BUILDING you are GOING TO NOW?

Name of Place, Business, or Building (e.g., Pier)

. After you get off the bus, how will you get to your FINAL DESTINATION ? (Please ¥ only ONE)

i__Walk ™ # blocks?
2__Bicycle mm # blocks?
3 Drive wep # miles?.

4__Will be picked up
s__Ride with someone who parked
&__ Other (specify)

8. How would you make this one-way trip if not by bus? (Please v only ONE)

4+__Wouldn't make trip
5__Bicycle
&__Ride with someone

1__Drive 7__ Other (specify)
2__Tax

a__Walk

9. What type of fare did you pay when you GOT ON THIS BUS? (Please v only ONE)

2 __ 7-Day/Weekly
4 __31-Day/Monthly Unlimited
w__Free

1__Regular Cash Fare
3 Daily Unlimited
o__ Other (specify)

PLEASE CONTINUE ON BACK OF SURVEY -
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10. How many months out of the year do you reside in Pinellas County?

1__Less than one month 2 1to 6 months 3 6to 12 months

1__ Employed full-time (35 hours or more per week)
2__ Employed part-time (less than 35 hours per week)
a__ Not currently employed

4__ Retired

12. Are you a student?

1__Not a student
2__Yes: Kindergarten through 12th Grade
3__Yes: College/Technical

13. Which three of the following service improvements would make Looper/Jolley Trolley better
for you to use? (Please ¥ THREE)

___ More frequent service
___Bus stop improvements (shelters, benches, better sidewalk access)

_ More weekend service
Add new route from
Other (specify)

1
2
4 Later service
5
T
8

Your age is?

1__15 or Under 3_ 25t0 34 5_ 4510 54 7_65to74

2. 16to 24 4_35t044 e 551064 e Over74

15. What is your gender? 1__ Male 2__Female
16. What is your race or ethnic heritage? (Please ¥ only ONE)

1__White 2__Black/African American 3__Hispanic 4__Asian
5__ Native American s__ Other (specify)

What was the range of your total household income for 20117

1__Under $5,000 s__$25,000 to $29,999
2_$5,000 to 9,999 7__$30,000 to $39,999
s__$10,000 to $14,999 s $40,000 to $49,999

+__$15,000 to $19,999 o__$50,000 or more
s $20.000 to $24,999

THANK YOU FOR COMPLETING THE SURVEY!

Figure 17 - Example of a Bus Rider Survey (Source: PSTA)
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For additional information on subjects related to transit planning, please refer to

the different sources included in the References section of this manual.
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Transit Scheduling

The Transit Scheduling section engages in step-by-step procedures, as follows:

A. Introduction: What is Transit Scheduling?

Scheduling is a profession that requires a combination of art and knowledge;
although it requires pragmatism as an inevitable part, creativity also should be
added in order to improve it. Scheduling can be performed either manually or with
the help of computer-aided software tools. Either way, the scheduler is the key
element. Since there is no specific and unique solution for scheduling, success is
reached by continuous work and analysis to maximize both efficiency and profit.
The continuity of scheduling originates from frequent changes. Even a small change
in passenger demand, service policy, or traffic condition may necessitate producing
a new schedule. Preparing accurate and efficient schedules helps to enhance the
quality of public service. A good scheduler must rationally evaluate feasible options

to maximize the efficiency of services.

Transit scheduling is a very challenging task because it requires a scheduler to have
knowledge of both internal (transit operations) and external factors (agency policies
and collective bargaining agreement). Transit schedulers should always remember
that the effectiveness of the transit schedule is heavily influenced by the agency’s
service standards and policies, which establish guidelines on how services should

be implemented. As a result, it is a time-consuming process for transit schedulers
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to create efficient and cost-effective schedules; however, there are computer-aided
tools that assist transit schedulers in finding optimal solutions presented by these
influencing factors. The most common issue of transit scheduling is vehicle and
driver assignment due to some constraints presented by labor union agreements. It
should be mentioned that computer aided tools help the scheduler speed up the
process and do the work accurately. Utilizing these tools, however, does not

eliminate the need for knowledge and understanding of the entire process.
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B. Scheduling Process

There are four steps involved in scheduling (See Figure 18):

Timetable Development

In this step, the scheduler develops a service schedule for a particular route. The
scheduler assembles information to develop a timetable, including span of service,
headway, timepoints, running times, round-trip cycle time, and layover/recovery
time. The use of reliable information is critical in this step, as it affects the quality of

service.

Blocking

Once the master schedule (document that includes the timepoints, trips, and times
along the routes) is ready, the scheduler begins the blocking process. Blocking
involves assigning trips to specific vehicles. In this step, the scheduler determines
the number of vehicles needed to operate all trips in the timetable. Once the
timetable is created, the scheduler starts to link trips together to create work
assignments that later must be assigned to vehicles. To accomplish this, schedulers
use blocking sheets as a tool to manually enter the detailed information, including
block number, pull-in times, trip numbers, departure and arrival times at terminal
points, and pull-out times. Blocking is an important process because it affects

operating costs.
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‘ Timetable Development \
Blocking
(Vehicle Assignment)
Run-cutting
(Driver Assignment)

Rostering
(Weekly Work Assignment)

Figure 18- Scheduling Process

Run-Cutting

When blocking is done, the scheduler will start the “run-cutting” process, which
involves assigning the blocks to the different operators (drivers). The scheduler

breaks up the blocks into individual driver assignment or work pieces (runs).

Rostering (Crew Assignment)

Rostering is grouping runs into packages of weekly work assignments. Depending
on agency policy and work regulations, transit agencies use either operator-
developed (cafeteria style) or agency-developed rostering. Drivers must select their
work assignments for the next time interval (called pick, line up, shake up, sign up)

during the bid process.
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Major Functions of the Transit Scheduler

Adhering to Applicable Rules, Standards, and Policies

Schedulers must adhere to agency policies, budget and collective bargaining
agreements. They should be informed of the issues surrounding their work, as well
as of the objectives and goals of the agency. Schedulers must have an
understanding of the transit agency, structures, policies, objectives and other

related issues.

Collective bargaining agreements or Union contracts contain particular
requirements that impact the scheduling process in terms of how the service is
scheduled, blocked, and cut into driver runs. Therefore, it is important that the
scheduler fully understands the labor agreement, as well as the “past practice” of

the agency concerning scheduling.

Developing Schedule Scenarios for Planning Purposes

Schedulers develop scheduling scenarios for planning purposes and participate in
the service planning process. Although service planners plan routes that meet the
required criteria, schedulers make the route work operationally. The connection
between service planners and schedulers is highly essential in order to develop

routes and schedules that are compatible with the agency’s objectives.

Building Reliable Schedules

Schedulers must develop reliable schedules. They have an important role in
providing a reliable quality service to the riding public by developing accurate

schedules.

Customer Service is directly affected by the reliability of the transit schedules.
Schedules provide essential information to riders, including departure, arrival and

trip duration times, which are required to plan a trip. Therefore, optimized and
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accurate schedules can greatly increase the level of the agency's customer

satisfaction and improve the image of the agency.

Providing Good Working Conditions in Operators
Assignments

Schedulers should prepare route schedules and operators’ assignments in a
manner that provides good working conditions for drivers. Since transit schedules
include operators’ workday assignments, providing a good schedule can minimize
operators’ level of stress and absenteeism. Since operators directly interact with
customers, running and layover times may affect this interaction. Agencies benefit

from improved quality of customer service through satisfied operators.

Supporting Other Organizational Sections

The scheduling section also supports other processes in the organization related to
the service. Scheduling provides information and data to support other sectors,
including administration, marketing, planning, operations, and many downstream
systems such as the transit call center. Therefore, the transit agency as a whole

depends on schedules to be accurate and reliable.

Estimating Service Costs and Requirements

Scheduling information is needed to estimate operating costs, vehicle
requirements, and operator staffing needs for proposed service changes. The major
expense that transit agencies deal with is operating costs. It is the responsibility of
the scheduler to be cognizant of operating resources and minimize them in such a
way that does not affect reliability in terms of required service frequency, operating

speed, and safety.
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Timetable Development

What is a Timetable?

The general idea behind timetabling is generating a schedule for services operated
by public transit vehicles. A timetable can be defined as a schedule showing the
arrival and departure times of buses from specified locations, called timepoints.
Timetables are published for public usage. Transit passengers must refer to
timetables in order to plan their trips. Traditionally, transit agencies prepare service
schedules in printed form. Nowadays, public timetables are also available in a

variety of electronic formats.

Timetable inputs require the necessary data to develop route information and
service times. This data includes the headway of service for a given route, the

expected running times between timepoints, and the span of service.

Service Standards and Policies

Each transit organization has a particular set of service standards, guidelines and
policies, all of which greatly impact the scheduling process. These standards and
policies, which vary from one organization to another, provide certain instructions,
which must be followed while timetabling, blocking, and cutting runs into operator
assignments. In other words, an agency’s standards and policies place some

restrictions on the scheduling process.

e Which sections of timetable development are mostly affected by service
standards and policies?

In terms of the timetabling process, organizational guidelines and policies greatly

affect route patterns, service frequencies, and service timing.
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Route Patterns

Before describing the different types of route patterns, we need to know the
definition of “route.” A route refers to a way or path that a transit system selects for

operating its revenue service.

Proper route selection is the key to success for a transit system. Although service
planners are often responsible for designing routes that meet certain criteria, the
way that routes operate greatly depends on the schedulers. Therefore, a
collaborative relationship between service planners and schedulers is essential in
order to enhance the quality of the route design. Such collaboration allows taking

the scheduler's expertise and incorporating it into the design phase.

A route can be either simple or complex. Routes often contain a main path called
the trunk, which may be further divided into branches. A route variation results when
the scheduled service operates on a path that deviates from the trunk. Route
deviations may add complexity to the route design. Short turns, loops, and branches

are three typical route patterns.
e lLoops

A loop-shaped route refers to an alignment or path shaped similar to that produced

by a curve that bends around and crosses itself.

It is possible that either the entire route or part of the route will be loop-shaped. An

example is shown in Figure 19.
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Loop-shaped  Route with a loop-

Route shaped end

Figure 19- Loops

e Short Turns

In public transportation, a short turn or turn-back occurs when the revenue service
ends at an intermediate point of the route and the vehicle turns before arriving to
the end of the route. Short turns are used on scheduled trips when the vehicle does
not need to operate along the full length of the route. The major function of the short
turn is adding passenger capacity to a particular part of the route. However, short
turning can be effectively used to reduce operating costs where there is a lower

demand for service along the part of the route not served by the short-turning trips.

Short turning requires access for the bus to turn around without any difficulty, along
with a layover location. This process should be done in a location where it does not

interfere with traffic. An example is presented in Figure 20.

A N I

Short Turn Long Turn

Figure 20 - Short Turns

e Branches

Some bus routes have outer route segments called branches. These distinct

branches of a route may serve a number of trips. The common portion of a multi-
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branch route is called a “trunk,” which serves the majority of trips. The following
picture illustrates a route with a main part or trunk, which is further divided into two
branches. The service headway in a trunk may differ from a service headway in
branches. Trunks often have a more frequent service. An example is displayed in

Figure 21.

Figure 21 - Branches
Running Time

‘Running time” is the scheduled time in minutes that is assigned to a revenue
vehicle to move along a route, from one timepoint to the next. The running time
includes driving time, as well as dwell time, in which a vehicle is stopped in order to
take on or discharge its passengers at a bus stop along the route. Schedulers
usually determine expected running times by retrieving actual running time data,

considering the route traffic conditions, and using their historical experience.

Layover and Recovery Time

“‘Layover” or “recovery time” is considered an out-of-service time. Terminal locations
at the end of trips are considered the most convenient place for layover and

recovery time.

In general, layover time can be described as break time, which is allocated to the
operators somewhere along the route. Often, the labor agreement or agency policy
determines the minimum amount of layover time. Recovery or layover time allows

the bus operator to catch up to the schedule when running late.
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Since layover and recovery time provide extra time, it allows operators to change
head signs, make trip sheet entries, and perform other tasks. Although layover and
recovery times are often used indiscriminately, they are different. Recovery time is a
type of time allowance, which is mainly used to maintain the schedules, and also
gives operators a break. On the other hand, a layover is a mandatory time during

which drivers are supposed to take a break.

Labor agreements and agency policies usually determine the minimum layover and
recovery time that is required for a round trip. For example, it may be stated in the
labor agreement that a minimum of a 10% layover/recovery time must be allocated
for every trip. In this case, if the round trip takes 76 minutes, at least 8 minutes must

be assigned for layover or recovery time (76 * 10% = 7.6 = 8 min).

Cycle Time

The scheduler should analyze the available data to determine the accurate
running/travel time needed for vehicles to run from one end of the route to the other
and return. The cycle time is determined after calculating the travel time (running
time) and the layover/recovery time; it is the result of the sum of the running time
and the layover/recovery time. Therefore, the total number of minutes required for
a round trip on the route is called “cycle time,” and it includes layover and recovery

time.

Cycle time = Round-trip running time + Layover/Recovery time

The general preference is that schedules maintain a constant headway or interval
time between the revenue service that move in the same direction on the route.
Schedulers usually assign a cycle time other than the agency's minimum

requirement. The new extended cycle time is known as available cycle time.
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For some routes, due to traffic or other issues, running times may vary during
different times of day. In this case, schedulers must separately calculate the cycle
time for different times of day. In addition, routes with multiple patterns will need the

cycle times determined for each pattern and each time period.

Terminal Points

“Terminal” refers to places located at the end of a line or route where vehicles begin
and end their revenue services. Operators usually take their layover/recovery times
at these locations. Terminal points serve as both convenience and safe locations

with parking spaces, restrooms and restaurants.

The number of terminal points on a route depends on several factors, including the
route pattern. For example, a loop-shaped route that only operates in one direction
may only have one terminal point. A simple route without any short turn or branch
and with a bi-directional service normally has two terminal points, one at each end
of the route. Usually, as a route pattern becomes more complex, its number of

terminal points increases. An example of terminal points is presented in Figure 22.

Loop-Shaped Route With One Route With Bi-Directional Service and
Terminal Point Two Terminal Points at the Ends

Figure 22 - Terminal Points
Intermediate Timepoints

“Timepoints” are defined as physical locations, usually at bus stops along the route,

with fixed scheduled times.

In the following route map (Figure 23), B, C, and D illustrate intermediate timepoints.

Points A and E, which are located at the end sides of the route, are terminal points.
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Figure 23 - Detailed Route Map for Route 46

The intermediate timepoints are usually placed at similar distances along the route
or at locations close to high activity centers such as shopping centers, hospitals,
schools, government facilities, etc. In order to provide a precise and valid timetable
for customers use, schedulers try to set times at each timepoint with a high
probability that the vehicle’s actual arrival or departure time will match the
scheduled time. If the bus arrives at a timepoint earlier than the scheduled time, it
needs to wait and depart at the actual time shown in the timetable to prevent
passengers from missing the bus. Specifying timepoints on the timetable is
essential for multiple reasons. First, timepoints help operators to stay on schedule
and adjust trip times if needed. Second, timepoints allow passengers to estimate
the approximate time that the bus passes by a stop. Therefore, passengers do not
need to wait long periods of time and become frustrated. Finally, timepoints are
needed for operator relief. These specified relief points allow operators to board and

disembark the vehicle at the beginning and end of their work assignments.

In computerized scheduling systems, the term “node” indicates timepoints.
Intermediate timepoints, which are located between terminals, are spaced every 6
to 15 minutes. Having a shorter intermediate timepoint may cause operators to
arrive earlier than the time scheduled and published on the timetable. In this case,
operators should wait at that point to stay on schedule, which may cause passenger
dissatisfaction. Longer intermediate timepoints may also confuse passengers about

when a vehicle will arrive at a specific stop.

Selection of intermediate timepoints should consider existing traffic congestion. For

example, well-known locations and main intersections are good choices for
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timepoints. Other good locations may be close to shopping centers, government

and employment centers and hospitals.

Internal Timepoints

An ‘“internal timepoint” is defined as particular points that are provided to help
operators adhere to the schedule. Since these points are only 3 to 5 minutes apart,
they provide more accurate and detailed information for location and timing. These
points are not shown on public timetables; they are only shown on operators’
schedules. The function of internal timepoints is to serve as a reference for operators
and supervisors to assess schedule adherence and determine if a trip is running

either early or late.

Relief Points

‘Relief points” are locations along the route where an operator's work shift
terminates and another operator begins a new work shift to operate the revenue
vehicle. Depending on the availability of relief opportunity, an operator relief point
may be scheduled to occur at a terminal point or other location along the route.
Although operators typically start their work shifts at the agency’s garage facility,
sometimes an operator is required to start their shift by relieving another operator at
a particular location along the route. Relief must occur at pre-specified relief points.
Operator relief is often planned when the scheduled number of hours for a vehicle

exceeds the number of hours an operator is scheduled to work in a day.

Transfer Points

“Transfer points” are the locations where transit routes intersect, allowing
passengers to disembark one vehicle and board another vehicle. Revenue vehicles
operating on different routes are scheduled to accommodate as many transferring
passengers as possible. In some situations, schedulers can eliminate the need to

transfer by interlining two or more routes that share a common terminal.
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Developing Routing and Deadhead Instructions

Schedulers should develop routing and deadhead instructions for the timetables.
The deadhead routing process includes evaluating and selecting the most cost-

effective path, which takes into consideration minimum distance and time for the

trip.
Trip Shifting

In some scheduling circumstances, it may be necessary to shift one or more trips
forward or backward in time. This process is known as “trip shifting” or “slipping and
sliding.” The reason behind trip shifting can be a lack of a proper place for a layover,
adjusting schedule times, or meeting circumstances like school bell time. Trip
shifting is also used to reduce bus requirements during the timetable development

and blocking steps.

Transitioning

The main concept of transitioning is implementing the changes in running time,
headway, or both, in a gradual manner. The purpose of this action is to develop a
quality schedule. For example, the headway for a specific route may be 15 minutes
during peak hours and 30 minutes during base hours. In this case, smoothing out
the process of changing the headway from 15 minutes to 30 minutes allows service

to gradually change into the new desirable pattern.

Master Schedule

A document that includes all detailed trip information by direction is called a “master
schedule.” Creating a master schedule for a route involves the inclusion of all individual

trips on that route. Master schedules contain all service days for a given route.
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What is the formation of data on a master schedule?

The master schedule can be created to display all trips and their relevant data either
horizontally or vertically. In the following exercise, all trips will be listed vertically on the

master schedule.

Terminal points and intermediate timepoints of a given route must be specified on the

master schedule.

Schedule Building Exercise

A master schedule includes all trips that must be operated on a given route, which may
have different master schedules for weekdays, Saturdays, Sundays, and holidays. In this

exercise, the intention is to create a weekday master schedule for Route 46.
Running Time

The running time between two consecutive timepoints is retrieved from the most
recent file of archived running times. The running times between two consecutive

bus stops along Route 46 are displayed in Table 25.

Table 25 - Running Times for Route 46

Running Time Running Time
(Minutes) (Minutes)

B-C
|

. 0o0E | 14 | | _BA | 10
|

Since this is a simple example and its goal is to assist in understanding schedule

building concepts, in order to avoid complexity, running times during the day and
for both directions are considered equal. However, the times are often different due

to various reasons, including traffic congestion, route configuration, and boarding
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levels along the route. For example, it may take 10 minutes for a bus to travel from
point A to point B during rush or peak-hour traffic, while the time may be shorter
during off-peak hours. The configuration of the route may also be different for
eastbound and westbound directions. Another reason for a running time difference
can be existence of a loop at the end of the route. In this case, when the vehicle

reaches the end of the route, it may take more or less time to return.

Headway

As previously mentioned, headway is the time difference between two consecutive
vehicles operating in the same direction and on the same route. Clock-face
headways are convenient for passengers because the service is consistent every
hour. Since passenger demand is higher during peak hours, the headways are
frequently smaller. Yet the opposite is true during off-peak hours, when the headway
may be greater, which is more suitable for the expected lower passenger demand.

Headway depends on the passenger load and the capacity of the vehicle.

In this exercise, Route 46 is supposed to maintain a base 60-minute headway during
the day. The service span is from 6:00 AM to 9:00 PM. Peak hours for the route are
defined as 6:00 AM to 9:00 AM and 3:00 PM to 6:00 PM. Due to an increase in

customer demand, the desired peak headway is 30 minutes.

Round-Trip Cycle Time

This is the most important part in building a schedule. As previously stated, the

formula for calculating a round-trip cycle time is as follows:

Cycle time = Round-trip running time + Layover/Recovery time
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As shown in the Cycle time formula, first there is a need to determine the round-trip

running time and the Layover/Recovery time.
e Round-trip running time calculation:

The "total round-trip running time” refers to the number of minutes in which the
vehicle is in operation and travels between timepoints. It can be calculated by using

the following formula.

Round-trip running time = Running Time from A to E + Running Time from Eto A=
(52 +52) =104

e Minimum Layover/Recovery Time:

The minimum required layover/recovery time is considered 10% of the total round-

trip running time, according to the labor agreement.
Minimum Layover/Recovery Time = 104 * 10% = 10.4 ~ 11 minutes

In this example, 10% of 104 minutes is equal to 10.4, but we need to round it up to

11, which is the next round number.

Now, if we add 11 minutes, which is the minimum Layover/Recovery time, to 104
minutes, which is the round-trip running time, we obtain 115 minutes as the

minimum cycle time (104+11=115).
Available Cycle Time

Are we able to operate the required 60-minute headway with a 115 minutes of cycle
time?

The answer is no, because the cycle time always must be a multiple of the headway.

In this example, the headway is 60, so cycle time can be 60, 120, etc.
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Consideration needs to be given to the cycle time calculated in the previous
example because it is the minimum amount required and cannot be shortened.
With this consideration, we need to change the minimum cycle time (115) to the
next highest 60-minute multiple. Thus, the cycle time will need to be changed to 120

minutes. The 120-minute cycle time is called “available cycle time.”

You may still wonder why the cycle time must be a multiple of the headway. The
reason is the number of vehicles. The formula for calculating the number of vehicles

is as follows:

Cycle Time

Number of Vehicles = -
Desired Headway

If we choose 115 minutes as the cycle time, according to the formula for calculating
the required buses to operate the service, the number of buses needed to operate
a 60-minute headway will be 1.92. Obviously, it is impossible to operate 1.92
vehicles.

. _ Cyele Thme _ 5
Therefore, to obtain a round number of vehicles, we choose a 120-minute cycle time.

Then, the number of operated vehicles will be 2.

Cycle Time _ 120 _

Number of Vehicles = =—
Desired Headway 60

Hence, in order to operate the 60-minute base headway, we need 2 vehicles. At this
point, we need to calculate the number of vehicles for peak-hours with a 30-minute

headway.

Cycle Time _ 120 _

Number of Vehicles = =
umber of Vehicles Desired Headway 30
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The answer is 4, which means that 4 vehicles are needed to operate a 30-minute
headway in peak hours. For the base headway, which is 60 minutes, two vehicles
are utilized the whole day and during the peak hours. Therefore, the route needs to

have 2 additional vehicles during the peak hours.

Applicable Layover/Recovery Time:

The 120-minute cycle time will change the 11-minute layover/recovery time to 16

minutes.

We had:
Cycle time = Round-trip running time + Layover/Recovery time
So:
Layover/Recovery time = Cycle time - Round-trip running time = 120 — 104 = 16

The applicable 16-minute layover/recovery time can also be obtained by adding the
excess layover/recovery time, which is the difference between the available cycle

time and minimum cycle time, to the minimum layover/recovery time.

Minimum Layover /recovery time = 11 minutes
Excess layover/recovery time =120 — 115 =5 minutes

Applicable Layover/recovery time = 11+ 5 = 16 minutes

Developing the Master Schedule for Route 46

Table 26 summarizes the information that we need to use in order to develop the

service schedule for Route 46.
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Table 26 - Summary of Information for Route 46

Eastbound Running Time = 52 Minutes Running Time for B-C and C-B = 15

Layover/Recovery Time = 16 Minutes Running Time for D-E and E-D = 14

Span of Service = 6:00 AM to 9:00 PM Afternoon Peak Hours = 3:00 PM to 6:00 PM

Trip Generation

As previously mentioned, Route 46 is intended to operate a 60-minute base
headway during the day. Now that we want to start generating schedule trips, the
following question emerges. Which trips must be built first (Westbound or

Eastbound)?

Various issues can affect the initiation of trip building by direction. Since the western
terminal is the main transfer point for the transit system on Route 46, we begin

generating the trips from this terminal.

First, we begin the process by preparing a table (Table 27) for trips occurring in the
eastbound direction, and name the columns. The first column on the left side shows

trip numbers. Columns A through E refer to the selected timepoints along the route.

Table 27 - Route 46 Eastbound

Routes 46 _ Eastbound

Service: Weekday

The first eastbound revenue service for Route 46 is intended to start at 6:00 AM.
Therefore, we enter 6:00 under column A, which is the western terminal point. Then,
since according to the given data the running time from timepoint A to the next one

(B) is 10 minutes, the bus arrives at timepoint B at 06:10. Again, the data shows 15-
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minutes, 13-minutes, and 14-minutes running times for B-C, C-D, and D-E, in this
order. The bus will be at timepoint C 15 minutes after 06:10. Hence, we enter 06:25
under column C. It takes 13 minutes for the bus to travel from timepoint C to
timepoint D. Then, it will be at point D at 06:38. Finally, it takes 14 minutes for the bus
to run from point D to E, which is the eastern terminal point. Therefore, it will be at

point E at 06:52. As shown in Table 28, the running time from A to E is 52 minutes.

Table 28 - Route 46 Eastbound

Route 46 - Eastbound
Service: Weekday

1E 06:00 | 06:10 06:25 06:38 06:52

Next, we start generating the second trip for the eastbound direction in the same
manner. The morning peak hour for the route starts at 6:00 AM and ends at 9:00 AM.
During this time, the headway is intended to be 30 minutes. Therefore, the second
trip starts at 06:30. Again, it takes 10, 15, 13, and 14 minutes to run between A-B, B-
C, C-D, D-E, in order. The revenue service for trip #2, in the eastbound direction, will
end at 07:22 AM, as shown in Table 29.

Table 29 - Route 46 Eastbound

Route 46 - Eastbound
Service: Weekday

|

We must continue generating trips in the same way, until 09:00 AM when the peak-

hour ends, as shown in Table 30.
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Table 30 - Route 46 Eastbound

Route 46 - Eastbound
Service: Weekday

7E 09:00 09:10 09:25 09:38 09:52

After the seventh trip, which begins at 9:00 AM, the morning peak hour ends and the
headway changes from 30 minutes to 60 minutes. Therefore, the eighth trip must

start 60 minutes later at 10:00 AM, as shown in Table 31.

Table 31 - Route 46 Eastbound

Routes 46 - Eastbound
Service: Weekday

The headway will be 60 minutes until 3:00 PM, when the afternoon peak hour starts,

as shown in Table 32.
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Table 32 - Route 46 Eastbound

Routes 46 - Eastbound
Service: Weekday

|
|
|
|

|
| 9E | 11:00 | 11:10 | 11:5 | 11:38 | 11:52 |
|

13 E 03:00 03:10 03:25 03:38 03:52

The afternoon peak hours with a 30-minute headway starts at 3:00 PM and ends at

6:00 PM, as shown in Table 33.
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Table 33 - Route 46 Eastbound

Routes 46 - Eastbound
Service: Weekday

|

9E 11:52
m
m

15 E 04:52
lm

19E ‘ 06:00 | 06:10 | 06:25 | 06:38 | 06:52

After 6:00 PM, the headway will change from 30 minutes to 60 minutes. The last trip
in the eastbound direction will leave the western terminal point A at 7:00 PM and will
arrive at the eastern terminal point E at 7:52 PM. This is depicted in Table 34. Note
that the span of service for route 46 is from 6:00 AM to 9:00 PM, so the last trip for

this route will be the westbound trip.

Table 34 shows the complete eastbound schedule of Route 46 for the entire day.
Looking at the columns, the difference between two consecutive times shows the
headway. On the other hand, in the rows, the difference between two consecutive
times is the estimated running time, which is the time (travel time) that it takes a

vehicle to operate from one timepoint to the next one.
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Table 34 - Route 46 Eastbound

Routes 46 - Eastbound
Service: Weekday

7E 09:52
| 9E | 11:00 | 11:10 | 11:25 | 11:38 | 11:52
11E 01:38 | 01:52
13 03:52
17E 05:52

Another timetable must be built in the same manner to show the route schedule for
the westbound direction. At this point, we need to determine the departure time for
the first westbound trip. Since other routes in the system converge on the western
terminal (A is the central transfer location) at :00 and :30 past the hour, trips on Route

46 must also converge there at :00 and :30 past the hour.

For the westbound trips, it also needs to be considered that no service should be
allowed to start before the span of service, which begins at 6:00 AM. In addition, the
total layover/recovery time of 16 minutes will be split in two: 9 minutes at terminal A
and 7 minutes at terminal E. Depending on the situation, the layover/recovery time

could be split or allocated at a particular terminal. Further, since the running time for
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the westbound direction is 52 minutes, the first trip in the westbound direction must
start from the eastern terminal E at 6:29 AM in order to be at the western terminal A
52 minutes later at 7:21 AM, and then after taking a 9-minute break, be ready to serve
passengers at 7:30 in the eastbound direction. The rest of the westbound trips,

depicted in Table 35, follow the same methodology as the eastbound trips.

Table 35 - Route 46 Eastbound

Routes 46 - Westbound
Service: Weekday

| |

| 20w | o759 | 0813 | 0826 | 0841 | 08:51 |

Master Schedule for Route 46

Once all eastbound-direction trips are built, we need to combine them into a master
schedule that will later be used in the blocking process, as shown in Table 36. To

generate the master schedule for Route 46, we begin with showing the trip number
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and timepoint locations horizontally along the top of the schedule in each direction.
Then, columns should be created under each direction, where the trip numbers and
times will be entered. Trip numbers and times are also displayed horizontally. In this
master schedule for Route 46, the eastbound trips are shown on the left side, and

the westbound trips are shown on the right side.

Table 36 - Route 46 Master Schedule

Eastbound
|
' 1E|06:00 | 06:10 | 06:25 | 06:38 | 06:52 | 1W | 06:29 |06:43 | 07:56 | 07:11 |07:21

|

4E|07:30

6E[08:30 09:22 |
|

(9| 11:00] 11:10 | 11:25 | 11:38 | 11:52
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Review Key Points & Useful Scheduling Formulas

An agency’s standards and policies greatly affect its scheduling process.

Timetable: Service schedule containing route and time information. The timetable

is created for use by riders.

Terminal Points: The locations at the end of a line or route, where vehicles begin

and end their revenue services.

Intermediate Timepoints: Locations along the route where a bus stops to pick up or

disembark passengers. These points are shown on public timetables.

Internal Timepoints: Hypothetical points with shorter distances used by transit
operators and service supervisors to assess schedule adherence. These points are

only shown on the operator’s schedule, not the public timetable.

Headway: Headway is the time difference between two consecutive vehicles
operating in the same direction and on the same route. Headway changes during

the day, depending on the passenger load and the capacity of vehicles.

Cycle time = Round-trip running time + Layover/Recovery time

Cycle Time

Number of required vehicles for operating desired headway = Desired Hoadway

Running Time: The time in minutes that it takes a revenue vehicle to move along a

route, from one timepoint to the next one.
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Blocking (Vehicle Assignment)

In vehicle scheduling, buses are assigned to various bus routes, and every single
bus has a fixed timesheet to follow throughout the day. Since buses can be taken
out of revenue service for various reasons, such as breakdown or scheduled
maintenance works, buses are operated in shifts. Vehicle scheduling or blocking
assignments for individual vehicles become developed in the most logical and
efficient manner. Vehicle assignments are also known as “blocks,” and include a
series of trips. These trips are linked together and assigned to a single vehicle. The
block is a daily work assignment for a specified vehicle. Each block may consist of

multiple routes or can be operated by different operators.

Why is Vehicle Scheduling/Blocking Important?

Efficient blocking is important in terms of minimizing the number of vehicles needed
to operate a given level of service. Since blocking affects the costs associated with
operating the revenue service vehicle, as well as the cost associated with work

assignments for operators, it greatly impacts an agency’s operation costs.

Setting Up the Blocking Process

As the first step in the process of blocking, setting up a complete and thorough
master schedule for each route is required. Before starting the process, the
scheduler should have detailed knowledge of all directives and policies regarding
blocking. Three agency policies that greatly affect the blocking process are layover
recovery time, layover locations, and interlining. Although a competent scheduler
considers all the aspects of scheduling throughout the process, when creating
blocks, it is extremely important to have a thorough knowledge of the regulations
related to run-cutting, which is defined as assigning work to operators. Blocks that
are “run-cut friendly” increase the efficiency of the entire scheduling process.
Therefore, the scheduler may adjust the master schedule in order to optimize

efficiency.
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Vehicle Size Consideration

Road vehicles used for public transportation range from small vans or minibuses to
double-articulated buses with a higher capacity. Each type of vehicle has a role and
at the end, they all complement each other as parts of the overall public

transportation system.

The selection of the vehicle size can be influenced by different factors, such as the
volume of traffic, passenger loads, accessibility, and the characteristics of the
roadway system. Since scheduling includes assigning vehicles to each route, the
scheduler must be familiar with the different types of vehicles and their standing
and sitting capacity. Schedulers must look at ridership data to evaluate whether
several small vehicles or one large vehicle meets the requirements of passengers

and operators more efficiently in a given situation.
Operating Range

“‘Operation range” is related to the service hours of a route, as well as the levels of
service during operating hours on weekdays and weekends. Policy headways
identify the minimum required service levels or frequency. These dictated rules are
set without considering issues such as demand and capacity. For example, the
general policy may state that all routes must operate every 30 minutes during peak

hours, when ridership is highest, and every 60 minutes during base periods.

Loading Standards

The realistic method used to identify the headway must be based on ridership
demand. In this method, passenger loads determine the required headway to be
operated on the route. Passenger loads should be analyzed for each route during
various time periods of the day. In order to calculate the standard average peak

load, planners and schedulers must evaluate ridership information in detail.
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Pull-In (From the Depot) and Pull-Out (Back to the Depot)

“‘Pull-out” refers to the time that a non-revenue vehicle is scheduled to leave the
garage to travel to the starting point of revenue service of the route. “Pull-in” refers
to the time that the revenue vehicle is scheduled to arrive at the garage after
finishing revenue service. Pull-out and pull-in allowances are the travel times
deadheading between the garage and where revenue service begins or ends. Table

37 shows an example of the time allowances for pull-ins and pull-outs.

Operator Reliefs at Relief Points

Recall that after completing the block/vehicle assignment, it must be divided into
runs for the individual operators. Since the operator is usually not working the entire
day, they may need to meet the next operator at a particular location. In a pull-relief
shift, the new operator takes a fresh vehicle out of the garage. All other shifts involve
the new operator relieving the previous operator at a relief point along the route and

then continuing to operate the revenue service.

Table 37 - Route 46 Pull-out and Pull-in Allowances

Route 46 Pull-out and Pull-in Allowances

Weekday: 00:10

Weekday: 00:10

Saturday: No Service

Sunday: No Service

A Saturday: No Service Saturday: No Service
Sunday: No Service Sunday: No Service
Weekday: 00:10 Weekday: 00:10
B

Saturday: No Service
Sunday: No Service

All relief points are at a timepoint on a particular route. Otherwise, the driver's
schedule could not be created because the vehicle would pass by the relief point at

an uncertain time. In addition, because buses may be delayed at the relief point for
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a few minutes due to the change of drivers, relief points need to meet many of the

same requirements as layover locations.

Aside the abovementioned, many transit agencies have relief points along a route
at the closest points from the garage. It results in minimizing agency costs by
reducing the time that it takes the driver to commute between the garage and relief

point.

In some circumstances, relief points may change depending on the time of day and
day of the week. For example, if connecting vehicles do not operate very often on
the weekend, then the normal relief point could be changed to something that is
easier to access on transit. Operator safety may require that some relief points are
not to be used at night. Many transit agencies stipulate that operator relief cannot

occur after a certain time.

Due to the time it takes for new drivers to set themselves up in the seat and start
operating the revenue service, from a passenger's perspective, it is better that
operator relief occurs at the route terminus. Switching drivers at the end of the route
means that the layover time can be used for setup, which helps avoid passenger

delays that occur during mid-route driver changes.

Deadheading Vs. Revenue Service

‘Deadheading” refers to the distance and time for a transit vehicle to travel from the
garage to the first stop where it picks up passengers, or to travel from the last stop
where it drops off the passengers to the garage. Sometimes deadheading is also
required when a vehicle needs to travel from one point to another point without
carrying passengers. Oppositely, revenue service refers to a time that a vehicle is in

operation along a route and is available to the public.

Unlike revenue service, deadheading does not generate benefits for agencies, and

it can be costly due to operating expenses, especially the operator cost. Although
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deadheading is costly for agencies, it is still required in order to support revenue

service.

Transit schedulers should skillfully reduce the amount of deadheading time by
grabbing the opportunity to reduce the number of times that vehicles must travel
back to the garage, reduce the distances the vehicle has to travel from the garage
to its first timepoint, and from its last timepoint back to the garage. For example, an
agency that has multiple garages can reduce the deadheading time by assigning

the closest garage for a vehicle’s return.

Interlining (Route A to Route B)

Interlining refers to the utilization of the same vehicle and operator for a block
operating on more than one route. With interlining, the operator is not required to
return to the garage before changing to another route. When a vehicle is scheduled

to move from one route to another, the routes are interlined.

Since most transit agencies operate more than one route, implementing optimal
interlining can be a benefit by reducing vehicle requirements and costs, as well as
providing ease and convenience to passengers. Interlining can be scheduled

because of the following reasons:

e Absence of a proper layover location: In some areas, it may not be feasible
for the operator to find a proper location to park the bus during a layover. In
this situation, by implementing interlining, the operator is able to postpone the
layover at a suitable location on another route.

e Obtaining optimized cycle times: When two routes that share a common
segment have unfavorable cycle times, scheduling interlining may allow for
iImproved cycle times for both routes, often resulting in cost savings.

e Declining passenger transfers: When interlining is not scheduled, there is an
iInconvenience to passengers that travel to locations that require them to

disembark from one vehicle and board another vehicle. In such situations,
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interlining the routes may offer more convenience to passengers because
they can stay in the same vehicle and not need to make the transfer. The
dotted line shown in Figure 24 visualizes the opportunity for interlining of two

routes with a common segment.

Figure 24 - Interlining Opportunity

e Reducing the amount of time and mileage: Typically, buses are scheduled
to loop around when they reach the end of the route. In such situations, if the
route shares this loop with another route, interlining through a common loop
can remove the need for looping altogether, and as result, reduces costs and

unproductivity in terms of time and bus mileage.

Assignment to Garages

Since the time and distance that vehicles spend outside of revenue service,
including pull-in, pull-out, deadhead, and layover, represent unproductive time and
mileage, schedulers must try to minimize this unproductivity. Although some transit
agencies may have one garage, some large transit systems operate several
garages. In this case, the scheduler needs to make a decision in order to clarify
which garage would be a better option for each vehicle to pull-out and pull-in and
travel to and from the revenue service. In this decision-making process to assign
routes to garages, several costs and operational constraints must be taken into

consideration.
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Peak and Base Vehicle Requirements

A scheduler must determine the number of vehicles needed to operate the service
with the desired headway on a given route. The headway usually varies throughout
the day. For example, for Route 46, the headway is 30 minutes during morning and
evening rush hours, while it is 1 hour during the midday and evening hours. After
identifying the required headway, schedulers need to determine peak and base
vehicle requirements and make sure that vehicles are available during the peak

hours.

Block Reevaluation and Consider Run-Cutting Process

One important characteristic of a good scheduler is the willingness to constantly
evaluate schedules and apply the necessary changes needed to improve and
optimize the schedules. Even at a time when a scheduler may think the blocking
process is done, spending more time to re-evaluate and revise it while considering
the run-cutting process may significantly benefit and enhance the scheduling
process. In general, schedulers must consider all aspects of scheduling while

working on a specific problem.

Blocking Sheet

A "blocking sheet” is required for processing blocking manually. By using a blocking
sheet, schedulers are able to document a trip’s start and end times associated with
each vehicle. Every blocking sheet illustrates the assignment for a specific vehicle.
The blocking sheet should include route number, service day (weekday or
weekend), date, and special blocking instructions should be written on the top part
of the blocking sheet. The following is a list of other information that must be

provided on a blocking sheet:
e Block number

e Pull-in times
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e Trip numbers
e Departure and arrival times at the terminal points
e Pull-out times

Layover/recovery time is also included in a blocking sheet. However, a blocking
sheet does not have a column to show the layover and recovery times. The
scheduler uses the layover/recovery time to determine the departure time of the

next trip.

The pull-out column refers to the time the operator leaves the garage in order to
arrive on time at the scheduled terminal point where the revenue service starts. The
pull-in column is related to the time that the vehicle must be back at the garage after

finishing revenue service. A blocking sheet is shown in Table 38.

Table 38 - Example of a Blocking Sheet

BLOCKING SHEET
Route #: Special Instructions:
Service Day:
Date:

Block Pull | Trip Depart Arrive Available | Trip Depart Arrive Available Pull
# out # Eastern Western for next # Western Eastern for next In
Time Terminal Terminal trip Terminal Terminal trip Time
(Arrival (Arrival +
+Layover) Layover)

Blocking Process

As previously mentioned, blocking is the process of assigning vehicles to trips
associated with the master timetable. Each individual trip will be assigned to a
vehicle. Each block or vehicle assignment for a given day includes a pull-out time,
a sequence of trips from the timetable, a deadhead, and a pull-in time. Limitations

of the blocking process include:
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e FEach trip associated with the timetable must be made by a vehicle.
e Avehicle cannot operate more than one trip at any point in time.

Simple Blocking Exercise

With an understanding of the basic concepts of blocking, we are now ready to start
the blocking process. The master schedule that we previously created for Route 46

Is also shown in Table 39 for practical purposes.

Table 39 - Master Schedule for Route 46

166



Looking at the master schedule, the first trip of the day is the eastbound trip, which
starts at 6:00 AM, and the last trip is the westbound trip, which starts at 7:59 PM and
ends at 8:51 PM.

Base Vehicle Requirements

As mentioned in the previous chapter, the number of vehicles needed to operate a

given service can be retrieved by the following formula:

Cycle Time

Number of Vehicle to Operate the Base Headway = Base Headway

In this example, a total of two vehicles are required to cover a base 60-minute

headway on this timetable.

: Cycle Time 120
Number of Vehicle to Operate the Base Headway = m ===

Peak Vehicle Requirements

As calculated in the previous chapter, a total of four vehicles are needed to operate

the 30-minute headway during morning and afternoon peak hours.

Cycle Time _ 120 _

Number of Vehicle to Operate the Peak Headway = Peak Hoadway — 60

These four required vehicles for operating peak hours include the two vehicles used
to operate the entire span, along with two additional vehicles for the shorter

headway during peak hours.
Hooking Trips
e Running Time (Travel time) for Eastbound Direction (A to E): 52 minutes

e Running Time (Travel time) for Westbound Direction (E to A): 52 minutes
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e Layover/Recovery Time: 16 minutes. (9 minutes should be taken at terminal A

and 7 minutes at terminal E)
e Base Headway: 60 minutes
e Peak-hour Headway: 30 minutes
e Cycle Time: 120 minutes
e Base Vehicle Requirements: 2
e Peak Vehicle Requirements: 4

The blocking process starts with hooking trips. “Hooking” refers to the process of
attaching the end of a trip in one direction to the beginning of a trip in the opposite
direction. On paper, this is done by using colored pencils or highlighters, which
make the process easier. Four different colors are used on the master schedule, as

shown in Table 40.

Each color corresponds to a specific vehicle that operates on the route. For
example, the blue color corresponds to the first vehicle of the day, departing the
western terminal (A) at 6:00 AM. It will arrive at the eastern terminal (E) at 6:52 AM.
The operator is supposed to take a 7-minute layover/recovery time at terminal E.
The vehicle will be available to start the westbound trip at 06:59 AM. Therefore, it will
be hooked to the second trip in westbound direction that starts at 06:59 AM. For the
second westbound trip, the vehicle leaves the eastern terminal at 6:59 AM and will
arrive 52 minutes later, specifically at 07:51 AM at the western terminal. After that,
one round-trip is completed. The vehicle takes a 9-minute layover/recovery time at
terminal A, and then leaves the western terminal at 8:00 AM in order to operate the
next trip, which is considered the second eastbound trip for the vehicle. The process
of hooking the trips is continued in this manner. All that is needed to be done is to

start from the beginning of each trip and consider the arrival time to the other
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terminal point at the end of the trip, and then add the required layover/recovery time
(9 minutes at terminal A and 7 minutes terminal E) to determine the other trip in the

opposite direction that must be hooked as the next trip.

Table 40 - Hooking Trips for Route 46

Eastbound Westbound
1E |06:00|06:10(06:25| 06:38 |06:52 1W [06:29|06:43|07:56| 07:11 |07:21
2E |06:30|06:40|06:55| 07:08 |07:22 2W |06:59/07:13|07:26| 07:41 {07:51
3E |07:00/07:10|07:25| 07:38 |07:52 3W |07:29|07:43|07:56| 08:11 {08:21
4E |07:30|07:40|07:55| 08:08 [08:22| A.-M 4W |07:59|08:13|08:26| 08:41 |08:51
5E [08:00/08:10|08:25| 08:38 |08:52 5W |08:29|08:43|08:56| 09:11 {09:21
6 E [08:30|08:40|08:55| 09:08 |09:22 6 W |08:59/09:13|09:26| 09:41 {09:51
7E [09:00/09:10|09:25| 09:38 |09:52 7W ]09:59/10:13|10:26| 10:41 {10:51
8E [10:00/10:10|10:25| 10:38 |10:52 8W [10:59|11:13|11:26| 11:41 |{11:51
9E |11:00(11:10|11:25| 11:38 |11:52 9W (11:59(12:13|12:26| 12:41 |12:51
10E |12:00|12:10(12:25| 12:38 |12:52 10 W [12:59|01:13|01:26| 01:41 |01:51
11E |01:00|01:10({01:25| 01:38 |01:52 11 W |01:59(02:13|02:26| 02:41 {02:51
12 E |02:00|02:10({02:25| 02:38 {02:52 12 W [02:59|03:13|03:26| 03:41 |03:51
13 E |03:00|03:10({03:25| 03:38 {03:52 .M 13 W [03:29|03:43|03:56| 04:11 |04:21
14 E |03:30|03:40({03:55| 04:08 [04:22 ) 14 W |03:59|04:13|04:26| 04:41 {04:51
15E |04:00|04:10(04:25| 04:38 |04:52 15W |04:2904:43|04:56| 05:11 {05:21
16 E |04:30|04:40|04:55| 05:08 |05:22 16 W |04:59|05:13|05:26| 05:41 {05:51
17 E |05:00|05:10({05:25| 05:38 {05:52 17 W |05:29|05:43|05:56| 06:11 {06:21
18 E |05:30|05:40(05:55| 06:08 [06:22 18 W [05:59|06:13|06:26| 06:41 |06:51
19E |06:00|06:10({06:25| 06:38 [06:52 19 W [06:59|07:13|07:26| 07:41 |07:51
20E (07:00|07:10|07:25| 07:38 |07:52 20 W |07:59|08:13|08:26| 08:41 |08: 51

Block Numbering

In a transit agency, each block must have a unique number. In this way, it is feasible
to track each block easily, without any confusion. The most common method for
numbering blocks is using a four-digit number. The first two digits must represent

the route number, and the last two digits should be related to the block number.
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In this exercise, the route number is 46. The block number for the first operating

vehicle of the day, which leaves terminal A at 6:00 AM, would be 4601.

Blocking Sheet for Route 46

The first block is 4601, as shown in Table 41. The first trip of this block starts from the
eastern terminal point at 6:00 AM, and ends at the western terminal point at 6:52 AM.
After taking a 7-minute layover from 6:52 AM to 6:59 AM, block 4601 begins trip
number 2 at 6:59 AM, and so on until trip 4601-14 is completed at 07:51 PM.

Table 41 - Route 46 Blocking Sheet

4601 | 05:50 | 01 06:00 06:52 06:59 02 06:59 07:51 08:00
4601 03 08:00 08:52 08:59 04 08:59 09:51 10:00
4601 05 10:00 10:52 10:59 06 10:59 11:51 12:00
4601 07 12:00 12:52 12:59 08 12:59 01:51 02:00
4601 09 02:00 02:52 02:59 10 02:59 03:51 04:00
4601 11 04:00 04:52 04:59 12 04:59 05:51 06:00
4601 13 06:00 06:52 06:59 14 06:59 07:51 08:01

A completed blocking sheet must illustrate all the blocks, which are needed to fully
cover the trips in the master schedule. After completing block 4601 on the sheet,
block 4602 must be started. For block 4602, the vehicle must be pulled out of the
garage at 06:20 in order to be at the western terminal point (A) at 6:30 and start the
revenue service. The revenue service for the first trip of this block (4602-01) ends at

7:22. Then, the operator must take a 7-minute layover/recovery time and be
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available to start the second trip (4602_02) at 07:29. The second trip ends 52 minutes
later at 8:21 AM. Next, the vehicle is supposed to take a 9-minute layover/recovery
and be available for the third trip of the second block (4602-03) at 8:30 AM. After
finishing the third trip, there are no more trips to be hooked into this block because
the peak hours have passed. The vehicle is no longer needed and is pulled into the
garage and kept there until the afternoon peak hour begins. Block 4604 will show
the vehicle assignment for afternoon peak hour. Table 42 illustrates the completed

vehicle assignment for block 4602.

Table 42 - Complete Vehicle Assignment for Block 4602

Block Pull Trip Depart Arrive Available | Trip Depart Arrive Available | PullIn
# out # Western Eastern for next # Eastern Western for next Time
Time Terminal Terminal trip Terminal Terminal trip
Terminal | Terminal E | (Arrival+ Terminal E | Terminal (Arrival+
A Layover) A Layover)
4602 06:20 01 06:30 07:22 07:29 02 07:29 08:21 08:30
4602 03 08:30 09:22 09:32

After completing block 4602, block 4603 must be started. The first trip for this block
starts from the western terminal. According to the pull-out and pull-in allowances
table for Route 46, it takes 10 minutes to pull out the vehicle from the western garage
and deadhead it to the western terminal point where the revenue service begins.
The vehicle leaves the garage at 6:50 AM and revenue service starts at 7:00. After 52
minutes (07:52 AM), the revenue service will end at the eastern terminal point. Then,
the operator must take a 7-minute layover/recovery time and start the second trip

at 07:59. Table 43 depicts the completed vehicle assignment for block 4603.

After finishing block 4603, block 4604 must be started. The vehicle leaves the garage
(pull-out) at 6:19 A.M in order to be at the eastern terminal point (A) at 6:29 A.M. After

52 minutes, at 7:21 A.M, the vehicle arrives at the western terminal point (E) and
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must take a 9-minute layover/recovery time, and then start the next trip in the

eastbound direction at 7:30 A.M. The vehicle will finish this trip 52 minutes later and
will arrive at Terminal A at 8:22 AM. After taking a 7-minute recovery/layover time, it
will be ready to start the next trip, which begins at 08:29 A.M in westbound direction.
The vehicle will arrive at the western terminal point at 9:21 AM., as shown in Table
44. At that point, the morning peak period has ended, and all trips have been hooked.

Therefore, the vehicle will be pulled into the garage.

Table 43 - Complete Vehicle Assignment for Block 4603

Block Pull Trip Depart Arrive Available for | Trip Depart Arrive Available for | PullIn
# out # Western Eastern next trip # Eastern Western next trip Time
Time Terminal | Terminal (Arrival + Terminal Terminal (Arrival +
Terminal | Terminal Layover) Terminal | Terminal A Layover)
A E E
4603 | 06:50 | 01 07:00 07:52 07:59 02 07:59 08:51 09:00
4603 03 09:00 09:52 09:59 04 09:59 10:51 11:00
4603 05 11:00 11:52 11:59 06 11:59 12:51 01:00
4603 07 01:00 01:52 01:59 08 01:59 02:51 03:00
4603 09 03:00 03:52 03:59 10 03:59 04:51 05:00
4603 11 05:00 05:52 05:59 12 05:59 06:51 07:00
4603 13 07:00 07:52 07:59 14 07:59 08:51 09:01

Table 44 - Complete Vehicle Assignment for Block 4604

Block Pull Trip Depart Arrive Available Trip Depart Arrive Available | Pullln
# out # Western Eastern for next # Eastern Western for next Time
Time Terminal Terminal trip Terminal Terminal trip
Terminal | Terminal E | (Arrival + Terminal Terminal (Arrival +
A Layover) E A Layover)
4604 06:19 01 06:29 07:21 07:30
4604
02 07:30 08:22 08:29 03 08:29 09:21 09:31
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We continue the blocking process by starting block 4605, as shown in Table 45. This
block is in the afternoon peak hours (3:00 to 6:00). The last block will be 4606, as
illustrated in Table 46. The block is completed, as shown in Table 47.

Table 45 - Complete Vehicle Assignment for Block 4605

Block # Pull Trip Depart Arrive Available Trip Depart Arrive Available | Pullln
out # Western Eastern for next # Eastern Western for next Time
Time Terminal Terminal trip Terminal | Terminal trip
Terminal Terminal (Arrival + Terminal | Terminal | (Arrival +
A E Layover) E A Layover)
4605 03:20 | 01 03:30 04:22 04:29 02 04:29 05:21 05:30
4605 03 05:30 06:22 06:32

Table 46 - Last Block 4606

Block # Pull Trip Depart Arrive Available Trip Depart Arrive Available | Pullln
out # Western Eastern for next # Eastern Western for next Time
Time Terminal Terminal | trip (Arrival Terminal | Terminal trip
Terminal Terminal + Layover) Terminal | Terminal | (Arrival +
A E E A Layover)
4606 03:19 01 03:29 04:21 04:30
4606 02 04:30 05:22 05:29 03 05:29 06:21 06:31




Table 47 - Completed Blocking Sheet for Route 46

Blocking Sheet
Route #: 46 Special Instructions:

Service Day: Weekdays 16 minutes is available for layover/recovery per round trip; split

Date: Aug-07 between ends of the route: 9 minutes at terminal A and 7 at terminal E.
Block # Pull Trip Depart Arrive Available Trip Depart Arrive Available | Pull-In
out # Western Eastern for next # Eastern Western for next Time
Time Terminal Terminal trip Terminal | Terminal trip
Terminal Terminal (Arrival + Terminal | Terminal | (Arrival +
A E Layover) E A Layover)

4606
4606

03:19

02

04:30

05:22

05:29

01
03

03:29
05:29

04:21
06:21

04:30

06:31
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Blocking Summary Recap

A block summary recap for each route presents a summary for all blocks that were

created for that route. The block summary recap displays information about block

pull-in and pull-off locations and times. This summary only shows the first and last

trip of each block. The blocking summary table contains the total platform hours for

each route. The total platform hours includes the overall time (revenue time plus

non-revenue time) in which agency vehicles are in operation on the route. Table 48

presents the blocking summary for Route 46.

Block No.

4601

4602

4603

4604

4605

4606

Total

Garage
Departure
Time

(Pull-out)

Table 48 - Blocking Summary Table

First
Pull-On Re\{enue
. Time
Location

Last
Revenue
Time

Pull-Off
Location

06:00 AM

07:51 PM

06:30 AM

09:22 AM

07:00 AM

08:51 PM

06:29 AM

09:21 AM

03:30 PM

06:22 PM

03:29 PM

06:21 PM

Garage
Arrival
Time

(Pull-In)

Platform

Hours

14:11

03:12

14:11

03:12

03:12

03:12

41:10
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Blocking Graph

A blocking graph, in which the route’s blocks are graphed, is another important tool
that will later be used in the run-cutting process. Graphing blocks offer a visual
illustration of the time span that the blocks are in service. Computerized scheduling
software packages are able to create these graphs automatically. When scheduling
software is not available, schedulers can use this type of graphing method as a tool

for run-cutting (driver assignments). The blocking graph for Route 46 is illustrated in

Figure 25.
Route 46 _ Blocking Graph

Block | 5A | 6A | 7TA | 8A | 9A |10A | 11A | 12P | 1P | 2P | 3P | 4P | 5P | 6P | 7P | 8P | 9P | 10P
#

4601 lecqn &:01P

e 6:204 9:32A

e 6:504 %:01P
o0} 6:194 9:31A

605 3:20P 6:32P

e 3:199 G:31P

Figure 25 - Blocking Graph
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Review Key Points & Useful Scheduling Formulas

Blocking: Assigning vehicles to different trips associated with the timetable.

. Cycle Ti
Number of Vehicles to Operate the Headway = %V‘Zn;

Hooking: The process of attaching the end of a trip in one direction to the beginning

of a trip in the opposite direction.
Block: Vehicle Assignment (a series of hooked trips)

Block Numbering: In order to track blocks without confusion, each block must have a

unigue number. The common numbering method is the use of four-digit numbers.

Route Number ’ —_— m Block Number

Blocking Summery Recap: This summary sheet represents a summary of all blocks for

the route, as well as pull-on and pull-off locations and times. It is a key statistic used in
the run-cutting process (next chapter).

Blocking Graph: Illustrating the visual time span of blocks.
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Run-cutting (Driver Assignment)

What is run?

A“run” refers to a work assignment for a driver. Normally, a run is a whole day’'s work

assignment.

What is Run-Cutting?

‘Run-cutting” is the process of creating operator (driver) assignments through

cutting vehicle blocks from the master schedule of a given route.

When the blocking process is done, the scheduler starts the run-cutting process,
which involves assigning the blocks to different operators. The scheduler must

break up the blocks into individual assignments or work pieces (runs).

Each operator assignment (run) may be made of one complete block or parts of
multiple blocks. All blocks from the master schedule must be cut and assembled in

an efficient way to create runs.

Importance of Run-Cutting

As previously mentioned, transit agencies consider operator costs a major part of
the total operating cost; which usually accounts for more than half of the total
operating costs. Run-cutting is a crucial process, as it determines the ultimate
number of operators needed to operate the service reflected in the master schedule.
In general, the basic objective of the run-cutting process is to minimize driver costs.
Transit schedulers must utilize their creativity and skills to efficiently assign all of the
block pieces to the fewest number of operator runs. In order to properly carry out
the run-cutting process, it is highly important that the scheduler be fully familiar with
types of runs, labor agreement provisions, and the operator pay calculation

methodology.
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Run-Cutting Objectives

Transit agencies may have a variety of run-cutting objectives. Knowing the agency’s
relevant objectives is required to assess the success of a run-cut. Some typical
agency objectives that the scheduler needs to actualize in run-cutting solutions

includes:

e Efficiency: Schedulers must do their best to obtain an efficient run-cutting
solution. Since driver costs are more than half of the entire operating costs, the

run-cutting efficiency affects operating efficiencies.

e Legality: Runs (driver assignments) that adhere to all related guidelines and rules
are called legal runs. It is important that run-cuts be legal and conform to all

safety, driving, and break requirements.

e Equilibrium (Balance): Since runs are operators’ work assignments, the work life
of operators will be greatly affected by the way the runs are cut. Therefore,
schedulers must try to offer solutions that provide a convenient work condition
for operators. However, at the same time, the scheduler is obligated to consider
the agency'’s priorities and benefits. To comply with both concepts, the scheduler
must skillfully create a balance between an agency’s priorities and the working

condition of operators.
Run-Cutting Methods

Before the advent of the computer, transit schedulers had to go through a time-
consuming practice of manually preparing the entire scheduling process, including
the run-cutting phase. To create the assignment of operators, they literally had no
choice other than to physically get involved in the process of run-cutting and cut
blocks into pieces. They put pieces of paper, which represented the blocks, on the

wall and cut them into individual pieces.
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As public transit systems started to take advantage of computerized systems, the
quality of the scheduling process improved considerably. Initially, Microsoft Excel
was used to schedule vehicles and runs. Nowadays, almost all public transit
agencies take advantage of one of the two available and highly specialized
scheduling software packages: Trapeze and Hastus. Using scheduling software
makes this process easier and reduces the time for performing the run-cutting
process from weeks to a few days. However, even the best computerized run-cut
optimizers cannot cut all blocks efficiently, especially when it requires solving

complex run-cutting problems.
Labor Agreements

The run-cutting process may become more complicated at times, as it has to follow
certain agency policies, rules, restrictions, as well as provisions included in union
contracts. For example, run-cut restrictions may specify a minimum percentage of
straight runs, maximum spread, and maximum platform hours before meal break,
maximum platform hours per work assignment, and minimum platform hours per
biddable assignment. Agencies are required to limit the number of split runs and

may forbid these runs from starting before or ending after specific times.

Union contracts define employment conditions, work rules, etc. Even the transit
systems without unions have particular regulations that have been created and

developed over time.

Types of Runs

The runs operated by public transit agencies have three main types of runs, as

follows:

e Straight Runs
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A “straight run” refers to a continuous work with a longer duration. One type of
straight run is when the driver operates a single block piece of work that requires
close to eight hours driving or more. Most transit agencies have strict requirements

for the percentage of straight runs that must be in operation on any given day.

Another type of straight run is called the “straight-split.” A straight-split run includes
two-work pieces with a paid break in between. This paid break usually takes 30 to
60 minutes. A straight-split is used by agencies that give drivers a break, in addition
to the layover time at the end of each trip. Figure 26 shows an example of straight

runs.

Type 1 (Continues Work) Type 2 (Two Work Piece + One Paid Break)

%._. ..... ~— o

Start End

Figure 26 - Graphical Examples of Straight Runs
e Split Runs

Split runs are full workdays that consist of either two or three distinct work pieces,
which are separated by one or two unpaid breaks, as shown in Figure 27. The driver
is off-duty during the break, which is also called “swing time.” Split runs with three
block pieces and two breaks are not commonly used because most union contracts
require that the shorter of the two breaks must be paid. The main issue in split runs
is the spread time, which refers to the length of time between the beginning the first
trip and the ending of the last trip. Agencies often limit the duration of spread time
to twelve hours. The unpaid break or swing time in between the two-piece split runs

Is relatively long, usually between 90 minutes to several hours.
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Type 1: Two Work Pieces + One Break (Swing Time)

Unpaid Break

Type 2: Three Work Pieces + Two Breaks (Swing Time)

First Break Second Break

Note: In Type 2, the shorter break normally should be paid.

Figure 27 - Typical Split Run
e Trippers (Part-Time Runs)

Trippers refer to short one-piece straight runs. It also may refer to the time that a
vehicle pulls out, makes only one round-trip, and then pulls in. A tripper run has a
short duration (part-time) that is less than the required time for generating a full-time
run. Sometimes schedulers use tripper runs in AM or PM peak periods because it
may not be possible to add it to another piece of work to form a split run. Usually,

tripper runs are assigned to extraboard or part-time drivers.
Cost Components of Runs
Runs encompass different types of cost components, as follows:

e Platform Time

“Platform time” refers to the paid period of time that the operator is operating the

public transit vehicle. Platform time encompasses the revenue service time, as well
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as the required time to support it, including the layover time, the needed time to
transfer or deadhead the vehicle from the garage to the beginning of the route
where revenue service begins operating (pull-out time) and the required time for
pull-in, and returning the vehicle to the garage or depot. Platform time does not

include travel time, report time, and turn-in time.

e Travel Time

“Travel time” refers to the paid time intended to allow drivers to travel between
garages and relief points. When the only purpose of travel is relief and is not part of
the pull-in or pull-out process, the travel time should be calculated separately, and

it should not be included in the platform time.

To make it clear, imagine an operator that is supposed to finish their workday and
be relieved by another operator at a specific timepoint. Suppose that the relief action
occurs on the street, then the operator that finished their workday must travel to the
garage and sign off. The time that it takes for the operator to reach to the garage is
called travel time. This time must be paid and is not added to the platform time.
Travel time may also be needed when operators begin their run or piece of work by
relieving another operator on the route rather than the garage. In this case, the

operator must be transferred from the garage to the relief location.

There are certain factors that schedulers must consider while determining travel

time, as follows:

e Relief type (car, walk, taxi, bus, etc.): It is important that schedulers
differentiate travel times in accordance with the available relief type. The
reason is that operator relief can occur in different ways. When an operator is
supposed to begin or finish their run or work piece at an intermediate

timepoint, they can commute between the garage and time-point by car,
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walk, bus, etc., depending on a range of factors. The type of relief commute

may affect the required travel time.

e Time of the Day: Schedulers must pay attention to the time of the relief.
Assuming that the location of two reliefs is the same, their required travel time
for returning to the garage may still be different as a result of occurring at

different times of the day.

e Allocating real time: Considering that real time is important, especially when
the operator is transferring from the garage to the relief point to begin their
run. In such situations, allocating an average time instead of real time may
result in operators not having enough time and arrive at the relief location
late. If the relief operator is traveling on a route in the revenue service, the
scheduler must allocate wait time, the bus route schedule time, and any walk

time to or from the garage.

e Bus positioning: Schedulers must allocate enough time required for
positioning the vehicle at a proper location for relief. This allocated time may

be different, depending on the vehicle's direction and location of the bus stop.

Report and Turn-In Allowances

‘Report allowance” refers to the amount of time paid to an operator from sign-in time
to the beginning of the pull-out. Throughout this paid time, an operator receives the
relevant instructions and supplies pertinent to their particular run, locate their
assigned bus, and carry out an inspection before starting the trip. In this manual, a

15-minute report allowance will be allocated for Route 46.

“Turn-in allowance” refers to the amount of time paid to an operator for reporting to
the dispatcher and signing off. When operators end their trip by pulling the vehicle
into the garage, the turn-in allowance starts after the pull-in. In cases where the

operators end their work by being relieved at another place along the route, the turn-
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in allowance begins after the travel time and upon reaching the garage. In this

manual, we will consider a 10-minute turn-in allowance for Route 46.

Intervening Time (Swing Time)

‘Intervening” or “swing time” is the time between the pieces of a split run. Swing time

Is usually unpaid time, but if it is paid, then it is called “inside time.”

Guarantee Time (Make-Up Time)

“‘Make-up” or “guarantee time” refers to the payment for a time that an operator did
not work. Transit agencies allocate make-up time to the operator's schedule when
the total paid time for a run must become equal to a minimum daily or weekly
guarantee. For example, when the minimum daily pay hours is equals 8, and if a
driver's run totals 7:53, including all platform and report and turn-in allowances, 7

minutes of make-up time will be granted to complete the total 8 hours.

Many union contracts state that operators will be paid for a minimum of eight hours
of work. In this case, even if an operator’'s assigned work only takes seven hours, the
agency must pay for eight hours. The additional hour is considered guarantee time.
Since an ineffective run-cutting may result in too much guarantee time, the
scheduler’s level of skills can ultimately cause the transit agency to move toward

either financial stability or financial catastrophe.

Overtime Premium

The daily full-time work hours for individual operators may be 8 hours (5 workdays
per week) or 10 hours (4 workdays per week), depending on the agency and its
policy. It clearly means that a full week is equal to 40 hours. When an operator’s
work hours exceed the mentioned daily or weekly threshold, the agency pays at a

higher rate for the extra hours. The premium or additional amount paid to
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employees for the overtime hours is usually 1.5 times or “time and a half” higher than

the normal rate.

Overtime Example:

If a driver's hourly pay rate is $10 per hour and they work 44 hours in a week, the
overtime premium is $5 per hour. Calculate the operator’s salary for 44 work hours.

Total Hours = 44
Full Work Hours per Week =40

Overtime hours=44-40=4

Amount paid for each overtime hour=510*1.5=$15

Total Amount Paid to Operator = (40 full time) * ($10) + (4 overtime hrs.) * ($15)
= 5400 + $ 60 = $460

Spread Premium (Excess Spread)

A “spread premium” refers to a higher pay rate of all of the time in excess of the
specified maximum spread time and is different from the overtime premium. The

spread premium is related to a particular maximum spread time, which is specified

in the union contract.

The spread premium can even have multi layers. For example, an operator can be
paid more at the rate of 1.5 times for all time up to 60 minutes over the specified
maximum spread time, and 1.75 times for all times that exceed 60 minutes over the

maximum spread time.
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Shift Premium

Some labor agreements provide premium pay for less desirable shifts. For example,
a premium or night differential can be paid to an operator working after a

designated time in the evening.

Setting up the Run-Cutting Process

Before starting the run-cutting process, schedulers need to provide a complete
master schedule, blocking sheet and block summary recap for each route. In order
to attain efficient run-cutting, it is important that the scheduler be knowledgeable
about every single applicable work rule and agency policy that affects the run-
cutting process. Although scheduling work rules relevant to run-cutting may vary,
five examples of work rules that are applicable to the run-cutting process are

provided below.

Minimum and Maximum Platform Time

Report time and Turn-in time Allowances

Spread Time and Spread Penalty

Run Type Percentages
e Make-up Time
Run-Cutting Data

To achieve an effective and successful run-cutting, the collected information that
will be used as input into the run-cutting process must be accurate and well-defined.
Selecting a good run-cutting methodology is required prior to starting the process.
Regardless of the run-cutting problem and its size, information that includes a

complete set of trips and vehicle blocks, complete defined work rules, relief types,
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relief locations, travel times, and cost limits, must be collected in advance either for
manual or computerized run-cutting. Concerning computerized methods, a
scheduler must verify that all data is included in the package. For a spreadsheet-
based method, having a checklist and a methodical approach to evaluate detalls is
necessary in order to confirm that the scheduling process is fully and properly

undertaken.
Operator Reliefs, Deadheading, Car reliefs, Meal breaks

Operator Reliefs

“‘Relief points” refer to the locations where relief operators report to relieve other
operators whose shifts end. Relief points are required when the time that the vehicle
operates in a given day is longer than the permitted working hours for an operator.
They are also necessary when the agency schedules split shifts. A relief allowance
equal to travel time is typically considered paid time to operators who are required
to travel from the relief location to the garage or vice versa. A benefit of operator
relief is that a transit agency’'s PVR (Peak Vehicle Requirement) can be lower versus

a higher amount of pull-ins and pull-outs.

Relief Locations

Relief location refers to a designated point on routes where drivers must either begin
or end their run or a piece of their run. An operator relief can be conducted either at
a garage (depot) or at other safe and appropriate locations. Schedulers take several
factors into consideration in determining relief locations. Relief locations must be
chosen in a way that minimizes travel times. It is important that the relief locations
be close to the facilities. Schedulers also need to determine the type of reliefs and
consider related issues, such as the availability of relief cars and buses in that

location, as well as time.
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Relief Types

Operator relief can be divided into different categories. Each category represents a
specific method for transferring the operators from relief point to garage or vice
versa. Table 49 illustrates the different types of operator relief, along with prominent
advantages and disadvantages. Agencies may use one of these relief types
depending on various factors, including cost and feasibility.

Table 49 - Different Types of Operator Reliefs

e Simplest solution e Limited feasibility (only
possible when relief point is

Walk e No vehicle mileage .
near garage or other relief
e No car fleet locations)
e Using an available off- e More expensive compared to
Using Bus peak bus to avoid using car

purchasing a car fleet « Complicates vehicle

scheduling
e Fastest and most e Requires maintenance and
Car flexible way logistical issues
e Less expensive e Complicates scheduling
compared to using the (Sometimes it needs
bus scheduling car blocks)
Travel as ¢ No bus mileage e Results in longer time,

Passenger on an
Existing Route

mpar in r
e No car fleet compared to using a ca

Pull e No need to take the e Increase bus mileage
layover between trips

Meal Breaks

A “meal break” refers to a break during a shift in which the operator is allowed to
take time off from their shift. Depending on the length of the work hours and the

agency'’s policies and union contracts rules, a meal break may or may not be paid.
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The unpaid meal breaks have a low-cost impact and should not be considered
unproductive time. Meanwhile, paid meal breaks should be added to unproductive
time because they have a high impact on operation costs by increasing paid hours,

operator requirements, and it reduces productive time.

How to Create Runs and Recut for Higher Quality Run-Cuts
Creating Runs

Although a run-cutting problem has many possible solutions, there may be no
specific and unique correct answer for it. In the run-cutting process, the scheduler
must start working on the blocks that have been listed chronologically. The
scheduler uses a table (e.g., Table 55) to record the work and pay components of
the runs. This table allows the scheduler to collect the information related to all runs
in one place and review the runs both individually and collectively. On some levels,
it is feasible for the scheduler to evaluate the runs and incorporate some
adjustments to optimize the run-cutting process. Sometimes, schedulers need to re-
cut the blocks and compare the pay components of the new run-cutting solution

with the pay components of the previous one to choose a higher quality run-cut.

During the optimization process, the scheduler must pay attention to the following

issues:

e Provide the desired level of service with the fewest number of runs.

e (Cutting runs in such a way that platform times become equal or close to pay

hours.

e Ensuring that runs comply with collected work rules, which encompass relevant

agency policies and labor agreement conditions.
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Run-Cutting Exercise

Before starting the process of run-cutting, the scheduler must check that all required
inputs are in place. These inputs include trips and vehicle blocks, regulations and

restrictions, relief types, and travel times.

Observation:

Looking at the chronological list of blocks in Table 50, the following points can be
determined:

e Two blocks (4601 & 4603) on Route 46 are base blocks (all day).

e Since these two blocks are base, it is possible to cut them to generate
straight runs (continuous work of longer duration).

e Blocks 4602, 4604, 4605, and 4606 are not base blocks. For these blocks,
considering the duration of time between the end of AM services and
beginning of PM services (swing time) can assist in determining that
creating straight runs is not possible.

e Since the number of AM blocks is the same as the number of PM blocks,
there is piece balance, and it may be possible to assemble them two by two
and create spilt runs.

Note: Piece balance occurs when: Number of AM blocks = Number of PM

blocks

e |fthe AM and PM blocks are successfully assembled two by two and create
lawful runs, the result is two split runs.

e No piece is left.

191



Table 50 - Chronological Block Summary

Block # Garage Depart Garage Arrive Platform Hours
4601 05:50 AM 08:01 PM 14:11
4604 06:19 AM 09:31 AM 03:12
4602 06:20 AM 09:32 AM 03:12
4603 06:50 AM 09:01 PM 14:11
4606 03:19 PM 06:31 PM 03:12
4605 03:20 PM 06:32 PM 03:12
Total -- -- 41:10

Considering these observations, the run-cutting process can now be started. First,
the schedule must be reviewed to figure out how to cut the base blocks (4601 &
4603) so that it enables the creation of single and continuous pieces close to 8

hours.

Work Rules

Every single run-cut (driver assignment) must be legitimate and conform to the
employment laws and applicable rules associated with the specifications in the
labor agreements. It is extremely important that the scheduler be familiar with all
applicable work rules before starting to cut runs. Table 51 shows the primary and
typical run-cutting work rules that must be used for the run-cutting process for Route
46.
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Table 51 - Run-Cutting Work Rules

Minimum Platform Time 6 Hours
Maximum Platform Time 10 Hours
Report Time (Before starting the Run and pull-out) 15 Minutes
Turn in Allowance (After Ending Run and pull-in) 10 Minutes
Maximum Spread Time 13 Hours
Straight Runs: Minimum 50%
Run Type Limits Split Runs: Maximum 25%
Trippers: Maximum 25%
Daily Guaranteed Work Hours 8 hours
Make-up Time Up to eight daily pay hours
Daily Overtime Time and a half over 8 hours
Spread Penalty Time and a half over 10 hours

Estimating Number of Runs

Estimating the number of runs that must be cut allows schedulers to assess run-
cutting during the process. Comparing the actual and estimated runs will assist with
the evaluation process. If the comparison shows that too many actual runs are cut,
it warns the scheduler to review the process and check if a block was assigned
twice. Also, too few actual runs can be the indication of a missing block. The formula

for calculating the estimated number of runs is shown below.

Total Platform Hours
Target Platform Hours Per Run

Estimated Number of Runs =

Using the formula to estimate the number of 8-hour runs for Route 46 yields the
following result. For this example, 41:10 (Table 50) is the Total Platform Hours for

Route 46 and 8 is the Target Platform Hours Per Run.

41:10 _ 4-12.317 -=5.15~6

Estimated Number of Runs =
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Since the number is a decimal, it must be round up to the next number, which is 6.

Therefore, 6 runs should be cut by the end of the run-cutting process.

Run Guide

A “run guide” refers to a summary sheet of runs. It includes start/finish locations,
work hours, and cost element breakdowns. A run guide is an important document
that illustrates all of the runs that will be available for picking or mark-up during the
run-cutting process. Table 52 is a sample run guide. The column on the left side
contains a run number, type, and block number. The second column is related to
the report time. An operator must sign in earlier depending on the report allowance.
The report allowance is payable and will be included in the total spread column.
Column 3 illustrates the scheduled time, place, and type of start for the run. For
example, one run may start from the garage. In this case, the starting place is the
garage and the type is pull-out. Sometimes, runs start at an intermediate point, and
one operator begins their run by relieving the previous operator. In these cases, the
type of start would be “street.” Column 4 shows the time, place, and type of ending
of each run. Column 5 is related to the operator sign-off time, which again is payable.
After ending the run at column 4, the required sign-off allowance should be added
to the end time to determine the sign-off time. Column 6 contains the platform,
report, travel, and total hours. Platform hours include revenue time, as well as
garage pull-out and/or pull-in time. The total report time can be calculated by
adding the report allowance before starting the trip at the required time for sign-off
after ending the run. In column 6, “travel” refers to the required time for the operator
to return to the garage after ending their run. The total from the platform, report, and
travel time must be calculated and placed under column 7, which is the total spread
time. Depending on the agency’s particular rules and regulations, the guarantee,

overtime, and spread penalty must be calculated for columns 8, 9, and 10.
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Table 52 - Sample Run Guide

Total

At this point, the process begins with cutting blocks (vehicle assignment) into runs
(operator assignment). Beginning with block 4601, which is a base block, it starts at
05:50 and ends at 20:01 (08:01 PM), totaling 14:11. At first, consider a 15-minute
report allowance for the operator, who signs in at 05:35. In this example, in order to
prevent guarantee or overtime, the intention is to cut runs so that they are as close
as possible to 8 hours. Since the sign-on time is 05:35, the ideal cutting time is 13:35.
By allowing 10 minutes of travel time and 10 minutes of turn-in time, the exact ideal
time for cutting the block is 13:15. However, this block cannot be cut at 13:15
because there is no relief opportunity at that time. Therefore, the best available relief
opportunity must be found. The best available relief opportunity is when a bus

passes point E at 12:52.

Cutting block 4601 at 12:52 results in a straight run with a total 07:02 platform time.
To obtain the total time, we need to add the report allowance (report time + turn-in

time) and travel time.

The report allowance is 25 minutes, consisting of a 15-minute report time before
starting the run, and a 10-minute turn-in time. At the end of the run, the relief will take
place on the street, which adds a 10-minute travel time. Therefore, the total spread
time is shown below:

Total Time: 7:02 (Platform) + 00:25 (Report Allowance) + 00:10 (Travel Time) = 07:37
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Since the total spread time is less than the minimal run time, 23 minutes of
guarantee time must be paid, resulting in the overall payable time for the first run of
8 hours, as shown in Table 53.

Table 53 - Run Guide for Route 46

1 Straight 4601 | 05:35 | 05:50/Garage/Pull | 12:52/E /Street |01:12| 07:02 00:25 00:10 07:37| 07:37 | 00:23 | 00:00 | 00:00

We continue the run-cutting process for block 4601. A complete run guide for route 46
is shown in Table 54. The next straight run of this block will start on the street (point E)
where the new operator relieves the previous operator (run # 1). The second operator
starts their run (run # 2) at 12:59. Before this time, the new operator needs a 15-minute
report time. Since the run starts at a street, a 10-minute travel time is included for the
operator to travel from the garage to terminal point E. The report time for the second

operator of the vehicle will be 12:34.

The run continues until 20:01, when the operator pulls the vehicle into the garage. The
total spread time will be 07:37 for run #2 after a 10-minute turn-in allowance is allocated.

Therefore, a 23-minute guarantee time is required to reach a total of 8 pay hours.

Table 54 - Run Guide for Route 46

1 Straight 4601 | 05:35 | 05:50/Garage/Pull | 12:52/E /Street |13:12| 07:02 00:25 00:10 07:37| 07:37 | 00:23 | 00:00 | 00:00

2 Straight 4601 | 12:34 | 12:59/E  /Street | 20:01/Garage/Pull {20:11| 07:02 00:25 00:10 07:37 | 07:37 | 00:23 | 00:00 | 00:00
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Now, we start the run-cutting process in the same way for block 4603. This block is also
a base block (all day). Cutting this block will add two additional straight runs, as shown
below in Table 55:

Table 55 - Run Guide for Route 46

1 Straight 4601 | 05:35 | 05:50/Garage/Pull | 12:52/E /Street |13:12| 07:02 00:25 00:10 07:37| 07:37 | 00:23 | 00:00 | 00:00

2 Straight 4601 | 12:34 | 12:59/E  /Street | 20:01/Garage/Pull |20:11| 07:02 00:25 00:10 07:37 | 07:37 | 00:23 | 00:00 | 00:00

3 Straight 4603 | 06:35 | 06:50/Garage/Pull |13:52/E /Street | 14:12| 07:02 00:25 00:10 07:37| 07:37 00:23 | 00:00 | 00:00

4 Straight 4603 | 13:44 | 13:59/E  /Street |21:01/Garage/Pull | 21:11] 07:02 00:25 00:10 07:37| 07:37 00:23 | 00:00 | 00:00

In the next step, we start generating split runs from the peak blocks. As stated before,
Route 46 has four peak blocks (4602, 4604, 4605, & 4606). There is a balance between
these peak blocks because we have two morning peak blocks and two afternoon peak
blocks. Therefore, these four peak blocks can be used to create two split blocks. Block
4604 starts at 06:19, as shown in Table 56. After ending its last revenue service, the
vehicle must be pulled into the eastern garage. This vehicle can be used by the same
operator for operating block 4605, which is scheduled to pull out from the eastern

garage.

Table 56 - Assembling Block 4604 and 4605

4604 06:19 AM 09:31 AM 03:12
4605 03:20 PM 06:32 PM 03:12
06:24

By assembling blocks 4604 and 4605, a split run is obtained with a 06:24 platform time

(driving time). The report allowance (report time + turn-in time) for each peak block is




25 minutes. Therefore, the overall report allowance for the split run is 50 minutes
(2*25=50).

Hence, there is no need to pay a spread penalty for this run. Adding the 50-minute report

allowance to the platform time will give us the total hours, as follows:

Total: 06:24 (Platform) + 50 (Report allowance) + O (travel time) = 7:14

Next, the spread time must be checked to ensure it complies with mandated labor rules.

The swing time must be added between two peaks, to the total hours of the run.

Spread time for run # 5 = 07:14 (total work hours) + 05:24 (swing time) = 12:38

Since the spread time for this run is 12:38, it complies with a 13-hour maximum spread
rule, which is mandated by labor rules. So the total work hours are 7:14, where a 46-

minute guarantee time must be paid to complete the 8 hours.

For the next split run (run # 6), which must be created by assembling block 4602 and
4606, the platform time (driving time) is 06:24, as seen in Table 57. We conduct a

similar process for generating this run.

Table 57 - Assembling Block 4602 and 4606

4602 06:20 AM 09:32 AM 03:12
4606 03:19 PM 06:31 PM 03:12
06:24

Performing the run-cutting process for run # 6 results in a 07:14 platform time and a 46-
minute guarantee time. The total payable hours is 8. Since the spread time is 12:36 (less
than 13), the run does not have any conflicts with the maximum spread time rule. We
are now done and no blocks are left. The complete run-guide is illustrated in Table 58.

Note that this table can help visualize previous calculations such as spread time.
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Table 58 - Complete Run-Guide

1 Straight 4601 | 05:35 | 05:50/Garage/Pull | 12:52/E /Street |13:12(07:02 00:25 00:10 07:37| 07:37 00:23 |00:00| 00:00

2 Straight 4601 | 12:34 | 12:59/E /Street | 20:01/Garage/Pull {20:11|07:02 00:25 00:10 07:37 | 07:37 00:23 00:00| 00:00

3 Straight 4603 | 06:35 | 06:50/Garage/Pull | 13:52/E /Street |14:12|07:02 00:25 00:10 07:37 | 07:37 00:23 00:00| 00:00

4 Straight 4603 | 13:44 | 13:59/E  /Street |21:01/Garage/Pull (21:11|07:02 00:25 00:10 07:37 | 07:37 00:23 00:00| 00:00
4604 | 06:04 | 06:19/Garage/Pull | 09:31/Garage/Pull |09:41

5 Split 06:24 00:50 00:00 07:14| 12:38 00:46 00:00| 00:00
4605 | 15:05 | 15:20/Garage/Pull | 18:32/Garage/Pull (18:42
4602 | 06:05 | 06:20/Garage/Pull | 09:32/Garage/Pull |09:42

6 Split 06:24 00:50 00:00 07:14 | 12:36 00:46 |00:00( 00:00
4606 | 15:04 | 15:19/Garage/Pull | 18:31/Garage/Pull (18:41

Total 40:56 03:20 00:40 44:50 03:04 00:00 | 00:00
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Review Key Points & Useful Scheduling Formulas

Block: Vehicle Assignment
Run: Operator Assignment

Type of Runs: 1. Straight Run (A continuous work of longer duration), 2. Split Run (A
workday consisting of two or three work pieces separated by unpaid breaks), 3.

Trippers or Part-time Runs

Platform Time: It refers to the amount of time when an operator is operating the
vehicle. Platform time includes layover, pull-out, and pull-in time. It does not include

report allowance, turn-in allowance, and travel time.

Travel Time: A paid time, which is intended to allow an operator to travel between

the garage and a relief location.
Operator Relief Types: Garage relief, On-street Relief

Report Allowance (Report Time/Sign-in Time): The amount of time paid to an
operator from sign-in time to pull-out time. During this time, the operator reports to

duty and signs in.

Turn in Allowance (Check-out Time/Clear Allowance): The amount of time paid to

an operator at the end of their runs to turn in supplies, reports, and sign out.

Guarantee Time (Make-up): The amount of extra time paid to an operator when

their total run time is less than 8 hours (full runs must be at least 8 hours).

Overtime: The payment at the rate of 1.5 times or higher the normal rate for

workdays longer than full-time.

i Total Platform H
Estimated Number of Runs = otal Platform Hours

Target Platform Hours Per Run

Run Guide: It is a summary sheet of run information, including start/finish locations,

work hours, and cost elements.
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Rostering (Crew Assignment)

What is Rostering/Crew Assignment?

Once the run-cutting is completed, transit agencies must go through some
procedures in order to group daily driver runs into sets of weekly work assignments.

This process is called “rostering” or “crew assignment.”

Depending on the transit agency, weekly run packages (rosters) can include either
five daily 8-hour runs or four daily 10-hour runs. However, five daily 8-hour runs is

more common.

Mark-Up Period

The “mark-up” period, also known as the “pick,” “bid,” or “line-up” period, refers to
when a transit agency gives the opportunity to their operators to select or pick the
run packages for the next mark-up period. Since transit agencies often have mark-
up periods every three or four months, these periods can occur three or four times

per year. Table 59 shows an example of a weekly run package.

Table 59 - Example of Weekly Run Packages (Rosters)

100 Series Off Run # Run # Run # Run # Run # Off XX: XX
1: XX X: XX X: XX X: XX X: XX

101 Off 1 1 1 1 1 Off 40:00
07:37 07:37 07:37 07:37 07:37

102 Off 2 2 2 2 2 Off 40:00
07:37 07:37 07:37 07:37 07:37

103 Off 3 3 3 3 3 Off 40:00
07:12 07:12 07:12 07:12 07:12

104 Off 4 4 4 4 4 Off 40:00
07:12 07:12 07:12 07:12 07:12

105 Off 5 > > > > Off 40:00
07:37 07:37 07:37 07:37 07:37

106 Off 6 6 6 6 6 Off 40:00
07:37 07:37 07:37 07:37 07:37
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Rostering Types

Depending on agency policy and work regulations, different transit agencies may
have different methods for rostering or grouping daily operator runs into weekly run
packages. Transit agencies use the two following methods to create a roster of

weekly assignments.
e Operator-developed
e Agency-developed
These two methods differ in terms of the development of grouping assignments.

Agency-Developed Rostering

In agency-developed rostering, drivers can only pick from a set of pre-scheduled
weekly packages. In this rostering type, the agency groups all daily runs into weekly
run packages before beginning the process of the operator mark-up period (also

known as pick, line up, etc.)

This allows the scheduler to plan a more efficient roster versus allowing drivers to
choose their own days off. From the operators’ perspective, it means that some of
their convenience is sacrificed, as the rosters will be designed without each
operator’s direct input on desired runs and days off. However, at many agencies,
the operator's union will review and provide input for the rostering process. In the
past, many transit agencies did not use the agency-developed approach because
there was no way to quickly generate a good set of rosters. With the help of
computerized scheduling, it is possible to obtain an efficient set of rosters, with less
interference with an agency's preferences, including controls on the levels of

overtime.
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Operator-Developed Rostering (Cafeteria Style)

In operator-developed rostering, operators have the opportunity to pick both
specific daily runs and days off from a master list, which includes all runs and
available days off. Operator-developed rostering is also called “cafeteria style”
because the way that drivers select their weekly assignment packages is similar to
the manner that customers choose individual food items to create their own meal

tray.

The selection is based on seniority, and since senior operators have the priority,
agencies create a list that includes the names of all operators in seniority order and
a time slot, which represents the period that they need to pick their runs. Senior
drivers pick their desired daily runs, as well as their preferred days off. The remaining
runs are left for drivers with lower seniority. This process continues until all runs are

chosen.

In operator-developed rostering, drivers are able to create their weekly work
packages, but the agency’s staff must monitor the pick process to make sure that
operators select work according to seniority and all applicable rules. Such

applicable rules and restrictions in the rostering process may include:
e Days off must be consecutive.

e Mixing straight and split run types may not be permitted until itis needed to create

full weekly packages.

e Mixing routes in a weekly package may not be allowed until the time that the

same route is not available to cover all workdays of the week.

e Taking a minimum number of off-duty hours may be mandatory between each

daily run.
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Operator-developed or cafeteria rostering is often specified in detail in labor

agreements.

Comparing Costs between Rostering Methods

Using an agency-developed rostering method allows transit agencies to have more
control over the rostering process. This control may lead agencies to cleverly
develop cost-effective rosters. In this case, since drivers cannot directly create or
group their desired weekly duties, some part of driver convenience may be
sacrificed. However, at the end, there may be a lower amount of leftover runs that
cannot be legally combined. Therefore, the agency-developed rostering method
benefits agencies by reducing costly part-time and overtime work due to providing

less leftover runs.

Before the introduction of automated scheduling, most transit agencies did not use
agency-developed methods. Today, with the help of computerized scheduling
technologies, agencies can effectively adapt to this method. These technologies
provide different techniques that allow agencies to develop rosters that adhere to
operator work rules through maximizing consecutive days off and minimizing

leftover work.

Although operator-developed rostering may lead to a higher degree of inequity Iin
the number of weekly work hours between drivers, some agencies still employ this
method. There are two potential reasons. First, employing cafeteria-style picking
may be required to comply with labor agreements. Second, some agencies believe
that the level of operator empowerment may increase due to the opportunity that
an agency provides when choosing their daily runs. These agencies claim that by
Implementing operator-developed rostering, their agency benefits through
Improved operator satisfaction. A disadvantage of the cafeteria-style roster is that it

may result in work hours that cannot be considered full-time with others having too
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many hours, which require overtime. This inequity may trigger great dissatisfaction

between operators and may ultimately become problematic for the agency.

Examples of Agency Developed and Cafeteria Rosters

In this section, an example of the rostering process is provided using Route 46.

Cafeteria Rostering Method

As previously mentioned, in cafeteria rostering, drivers pick their runs from the list,
which is provided by their particular agency. The list includes daily runs and days
off.

Rostering is an important and last step of scheduling process, which determines

how many drivers are needed to operate the specific master schedule.

Tables 60 — 65 below illustrate the formula for calculating the number of operators
and days off for both 8-hour runs and 10-hour runs. The amount used for the
calculations is 800 hours of weekday service, 464 hours of Saturday service, and 256
hours of Sunday service.

Table 60 - Required Operators for 8-hour Runs

Weekdays (M-F) 100 5 500
Saturdays 58 1 58
Sundays 32 1 32
Weekly Total 590
Total Operators = Weekly Total Runs / 5 Days of Work per Driver 118
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Table 61 - Days off Distribution

Weekdays (M-F)
Saturdays 118 58 60
Sundays 118 32 86
Weekly Days Off Total = Weekday * 5 + Saturday + Sunday 236

Table 62 - Operators required for 10-Hour Runs

Weekdays (M-F)
Saturdays 47 1 47
Sundays 26 1 26
Weekly Total 473
Total Operators = Weekly Total Runs / 4 Days of Work per Driver 118

Table 63 - Days off Distribution

Weekdays (M-F)
Saturdays 118 47 71
Sundays 118 26 92
Weekly Days Off Total = Weekday * 5 + Saturday + Sunday 353

Route 46 is a weekday-only service, which means it provides service to the public

only on weekdays. As the result, Saturdays and Sundays are the only available days




off. In this example, the number of available days off on Saturdays and Sundays is

equal to the number of weekday runs that may be chosen by drivers.

Next, this formula needs to be applied to Route 46. This route has six weekday runs
and no weekend service. Since the route operates from Monday through Friday, the

formula for 8-hour runs must be used.

Table 64 - Required Operators for Route 46 (8-hour Runs)

Weekdays (M-F) 6 5 30
Saturdays 0 1 0
Sundays 0 1 0
Weekly Total 30
Total Operators = Weekly Total Runs / 5 Days of Work per Driver = 30/5=6

Table 65 - Days off Distribution for Route 46

Weekdays (M-F) 6 6 0
Saturdays 6 0 6
Sundays 6 0 6

Weekly Total = Weekday * 5 + Saturday + Sunday = (0*5)+6+6= 12

Agency-Developed Rostering Method

Under the agency-developed rostering method, drivers pick their weekly
assignment from a master list. This master list contains weekly rosters. Before
posting the final list, agencies consider certain variations. Table 66 illustrates a

conventional format used for a master list of weekly rosters (see Table 2-42).




Table 66- Weekly Roster

100 Off Run # Run # Run # Run # Run # Off XX: XX

X: XX X: XX X: XX X: XX X: XX

* (Source: TCRP 30)

In the table above, a 100 or 1000 series number can be utilized for numbering weekly
rosters to prevent confusion with the numbers associated with daily runs. In this

manual, a 100 series number is used.

The symbol “#” must display the daily run number under each day of the week
column. Each “X: XX" must represent the pay/work hours associated with its
particular run. The right column is related to the weekly pay/work hours, which can

be calculated by summing all daily work hours across days.

Using the conventional format, the manual process begins of developing agency-

developed rosters for Route 46 in Table 67.
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e First Effort (Variation # 1)

Table 67 - Variation # 1

100 Series Off Run # Run # Run # Run # Run # Off XX: XX
1: XX X: XX X: XX X: XX X: XX
101 Off 1 1 1 1 1 off | 40:00

07:37 07:37 07:37 07:37 07:37

102 Off Off | 40:00
07:37 07:37 07:37 07:37 07:37

103 Off Off | 40:00
07:12 07:12 07:12 07:12 07:12

104 Off Off | 40:00
07:12 07:12 07:12 07:12 07:12

105 Off Off | 40:00
07:37 07:37 07:37 07:37 07:37

106 Off 6 6 6 6 6 off | 40:00

07:37 07:37 07:37 07:37 07:37

Considering the last column, which is weekly pay hours, all rosters (101-106) are full-
time rosters. The first variation of agency-developed rosters normally includes part-
time and overtime rosters. Therefore, agencies try to make rosters more efficient by
making adjustments. For example, if they notice there are rosters with a high-level
of overtime, they may try to minimize the hours of these rosters through some
adjustments. They may need to combine large daily runs (over 8 hours) with small
daily runs (under 8 hours) into weekly rosters of 40 pay hours or fewer. In this way,
overtime pay Iis totally or partially minimized. Then, the final variation, which is

always the most efficient variation, will be posted.
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Transit agencies deal with certain issues when it comes to solving a rostering
problem. First, agencies do not like rosters with a high-level of overtime. They prefer
having rosters as close as possible to 40 weekly hours. On the other hand, paying
overtime sometimes results in minimizing the number of operators. Minimizing the
number of operators means less operator costs, including salary, medical premium,
and pension obligations for agencies. Therefore, agencies usually prefer paying
some overtime in favor of minimizing the number of operators. However, there is an
argument that minimizing the number of operators, which sometimes can be
translated as a high-level of overtime, results in an increased number of accidents

and operators’ absenteeism, due to fatigue and long working hours.

Overall, since it was not easy to manually generate efficient rosters in the past,
transit agencies preferred using the cafeteria or operator-developed approach.
Currently, it is feasible for transit agencies to produce efficient agency-developed

rosters by using rostering software.

Extraboard Operators

While transit agencies attempt to employ sufficient regular bus operators to provide
scheduled service, they also employ extraboard or back-up operators to cover work
assignments that are temporarily unfilled because of vacations, illness or absences,
insufficient manpower, attrition (retirements, etc.), or for work that Iis
unassignable/open in the course of normal labor practices. The time that an
operator waits at the garage to receive an assignment is called “stand-by time.” An
‘extraboard” bus operator is another name for a backup driver. Extraboard
operations may be generally defined as the process of utilizing available manpower
to perform work assignments in accordance with labor agreement provisions and
work rules to ensure the provision of scheduled transit service. The challenge is to

assign manpower to open scheduled work, ensuring scheduled service delivery
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with minimum costs. Significant cost savings can result from proper extraboard

management.

Four general parameters define extraboard management: available manpower,
open work, labor agreement provisions, and work rules. For any given open work
and given available manpower situations, there are normally several alternative
decision paths. Such decisions are affected by two conditions: those established by
prior actions of the transit system such as scheduling and workforce planning, and
those that change daily. Both have service delivery and/or financial implications.
Opportunities exist to improve the efficiency and effectiveness of extraboard

management.

Part-Time Operators

Part-time or reduced-hour operators refers to drivers that are not full-time and work
less than 40 hours per week. The maximum number of hours that a part-time driver
can work is clearly specified in the contract. Compared to full-time operators, part-
time operators often receive fewer benefits, and their salaries are paid at a lower
wage rate. Besides these savings, part-time operators allow more flexibility in run-

cutting and rostering, especially for agencies with a high peak to base ratio.
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Review Key Points & Useful Scheduling Formulas

Rostering: The process of grouping daily operator runs into weekly run packages.

Depending on the transit agency, weekly rosters can include either four daily 10-hour runs

or five daily 8-hour runs. However, five daily 8-hour runs is more common.

Rostering Types: Depending on work rules and agency policy, agencies may develop one of

the following types of rosters:

Agency-developed rosters

Operator-developed rosters (cafeteria method)
Cafeteria Rostering Rules:

Days off must be consecutive, as long as there is availability.

Mixing straight and split run types may not be permitted until it is needed to create full

weekly packages.

Mixing routes in a weekly package may not be allowed until the time that the same route is

not available to cover all workdays of the week.

Taking a minimum number of off-duty hours may be mandatory between each daily run.

Extraboard Operator: Extraboard or back-up refers to drivers hired by transit agencies to

cover work assignments that are temporarily unfilled.

Part-time Operator: An operator who works less than 40 hours per week. The maximum
allowable weekly number of hours that a part-time operator can work is specified in the

contract.

In the past, agencies used to choose the cafeteria approach because manual generation of
efficient rosters was a complicated process. Nowadays, due to the availability of rostering

software in the market, agencies can produce efficient agency-developed rosters.
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Other Scheduling Considerations

Automating the Picking Process

Since many union contracts state that drivers should be paid for a minimum of eight
hours of work, ineffective rostering/run-cutting will result in either too much overtime
or too much guaranteed time. Using an automated staff rostering to solve
scheduling problems may benefit transit agencies by producing more efficient

operator assignments.

Extraboard Sizing

The most important operational issue that requires transit agencies to have

extraboard staffing is “open work,” as the result of the following:
e Unassigned service
e Operators’ absenteeism due to vacation or sickness
e FEquipmentissues

Open work can change daily and even throughout the day, requiring transit
managers to employ and maintain a certain size of extraboard operators.
Determining the optimum number of required extraboard drivers is very important
for the agency, especially when an extraboard driver is hired as a full-time employee
(guaranteed 40 hours per week). Employing too many extraboard operators may
result in paying them for doing nothing. On the other hand, using too few extraboard

operators may cause overtime.

Maximizing the utilization of the hired extraboard operators through maintaining a
hierarchy of duties to be performed may allow for efficient implementation of
resources. For example, an extraboard operator may be utilized for replacing buses

iIn a service and/or plug service that must be operated during service interruptions.
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Aside from these, if extraboard operators are not needed to cover any service, then
it may be possible to place them at a station equipped with a telephone to take calls

from customers and provide route and schedule information.

In order to delegate open work, many transit agency practitioners determine the
extraboard size based on historical trends (reviewing scheduled and unscheduled
leave) and experience factors. However, some studies attempt to develop optimum
extraboard sizing tools and strategies, which can help a broad base of transit

agencies manage and estimate their extraboard size.

Schedule Reports

After a scheduler assembles all of the data and prepares the transit schedule, they
create a series of reports for the agency. Reports are prepared by the scheduler to
meet the needs of each transit agency. If needed, the scheduler updates, based on
inputs, and adjusts the reports, and provides the agency with final reports. Some of

the common reports include the following:

e System, Division, and Individual Route Information

For each given route, the scheduler must prepare a report, which includes system,

division, and route information.

e Schedules for Staff and The Public

As previously mentioned, a scheduler must provide a timetable for service on a
given route. Typically, a timetable lists the times when a service is scheduled to
arrive at and depart from specified locations called “timepoints” or bus stations. The
timetable produced by the scheduler will be used by the transit agency to inform
customers about a route's service schedule. Traditionally, agencies provided
timetables in printed forms, like a leaflet or poster. At present, timetables are often

available in a variety of electronic formats such as dynamic electronic displays,

214



which may be located at a central place and which list the next few departures for
each line, or all departures in the next hour. Displays on platforms usually just show

the next departure(s) from that platform.

In addition to the timetable, transit schedulers must prepare a schedule, which will
be used by operators and supervisors. This type of schedule requires more detailed
information. For example, besides timepoints, an operator's schedule contains

internal timepoints to enhance schedule adherence.

In many modern transit systems, public timetables and staff schedules are
generated by computerized software. In this regard, the transit scheduler must
specify the required operating span, minimum frequencies, route length/time, and

other factors as inputs to the software.

e Bid Package or Roster for Picking Work

The scheduling department must prepare driver rosters according to the service
schedule and specific rules. A driver roster covers a combination of both work shifts
and days off for a specific period. It is important that driver rosters be generated in
accordance with management considerations, union work rules, and driver

preferences.

e Reports for Operations

The scheduling department must prepare reports for operations such as dispatch
sheets, operator paddles, and bus assignments. Dispatchers are personnel
responsible for receiving and transmitting reliable messages, tracking vehicles and
equipment, and recording other important information. Transit bus dispatchers are
obligated to coordinate transportation schedules with scheduling departments. In
this regard, the scheduling department must provide dispatchers with dispatch

sheets, which contain essential information that allows dispatchers to monitor the
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schedules of their bus fleet and address any problems that arise during their
operations.

An operator paddle refers to a particular schedule that an individual bus or ralil
operator carries for their run. In addition to timepoints, an operator paddle shows

the scheduled arrival/departure times for each timepoint of a particular run.

e Transit Operator Payroll Information

Transit agencies generate and modify operators’ payroll sheets (posted work
assignments), reconcile information, compare operators’ daily logs to work
assignments, and maintain a copy of operator payroll records. It is important that

transit agencies consistently supervise the payroll documents.

Transit employees use the Transportation Management Information System (TMIS)
payroll system to record bus operator schedules and input hours worked. The
complexity of the payroll process greatly depends on the number of employees and

the variation in contract terms in the collective bargaining agreements.

Automated time-keeping systems help transit agencies reduce potential errors and
adjustments. Transit agencies that have a manual payroll process may find it time-
consuming due to a high volume of payroll documents and complex union contract

rules. The manual payroll process includes:

Reporting and reviewing attendance records, including bus drivers'’ trip sheets,

time cards, time sheets, and leave forms.
e |nputting payroll hours worked and leave time in the TMIS program
e Validating hours

e Distributing payroll checks
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e Peak and Base Vehicle Requirements

Transit schedulers determine the number of peak-hour and base-hour vehicles
required to operate the service on the route. After that, based on the determined
requirements, they prepare a report in order to assure the availability of vehicles,

especially during peak hours with a higher frequency of service.

e Route Costing

Transit agencies prepare reports containing information about costs associated
with each individual route. Such reports can later be useful in the process of
analyzing and determining the most cost-effective replacement schedule for the

route.
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C. Tools of the Transit Scheduler

Technology, Software, Data Sources

This section contains information related to data sources, tools, and available
scheduling technologies in the market. Utilizing these tools and technologies assists
schedulers in performing their work tasks more effectively. However, without
qualified and skillful schedulers, even the best tools and technologies cannot help

transit agencies effectively operate the scheduling process.

Computerized Scheduling Software Packages

Computerized scheduling software packages are tools that help schedulers build
efficient and cost-effective schedules. Since these computerized packages are tools
that only facilitate the scheduling process for schedulers, they cannot function as a

solution and address all of the existing scheduling issues.

There is no way to find a substitute for the skills and knowledge of a professional
scheduler. To better understand this, just imagine that a university professor gives
their students Microsoft Word and expects them to write and submit well-written
papers. This expectation is extremely irrational. The same idea applies to transit
agencies and scheduling software. If transit agencies provide the best scheduling
software packages for their schedulers, it does not necessarily mean that they can
produce high-quality and seamless schedules. Therefore, besides providing
computerized scheduling packages, in order to achieve high-quality schedules,
agencies must assure that their schedulers possess enough proficiency and a high

degree of competence to perform their tasks.

There are certain unquestionable benefits that can be obtained through employing

computerized scheduling systems. These kinds of benefits include:

218



Reduction of time-consuming manual tasks

Speeding up the scheduling process

Increasing accuracy via decreasing manual data entries and calculations

Enables the scheduler to analyze the process and test other alternatives

In the past, schedulers had to go through all of the scheduling processes manually.
Most of the time, they did not have enough time to analyze the process and
Implement “what-if" testing of other alternatives to maximize effectiveness. This is

possible today with the help of computerized scheduling systems.

Major Scheduling Software Packages Used in the Public
Transit Industry

In addition to the common Microsoft Office software suite, scheduling departments
at public transit agencies take advantage of several specialized software
packages. The most commonly used scheduling software packages are Hastus
and Trapeze FX, both of which were developed by Canadian companies. Hastus
from Giro and Trapeze FX from Trapeze provide comprehensive software solutions
for the transit industry. They both include sophisticated algorithms that can improve
the efficiency of transit agencies. According to their websites, both companies, GIRO
and Trapeze, have worldwide offices since their products are used all over the

world.

Advantages and Disadvantages of Computerized
Scheduling Software

Using automated scheduling software at transit systems can yield various
Improvements in the scheduling process. Scheduling software is beneficial, due to
the flexibility, functionality, and control that they provide for schedulers. Utilizing the

software reduces mistakes, improves vehicle and operator efficiencies, reduces
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staff time on tedious activities, and provides better reporting capabilities.

In general, costs associated with acquiring and installing scheduling software are
the greatest barriers to achieving automation of the scheduling process. In addition,
the capability of the scheduling and ITS staff must be taken into account. Small- to
medium-sized properties typically do not have adequate resources or budgets to
justify the purchase of automated scheduling software. In addition, the learning
curve and extensive setup time required is a potential obstacle for small- to mid-

sized systems.

Data Sources for Scheduling

Nowadays, transit operators look for new technologies with the ability to assist with
the growing problem of traffic congestion and passenger demands. Since these
technologies allow agencies to obtain accurate data, they can enhance the quality
and reliability of their services. Automatic vehicle location (AVL) and automatic
passenger counter (APC) are two available data-gathering sources. Employing AVL
and APC systems makes it possible to collect an enormous quantity and variety of
operational, spatial, and temporal data. If agencies effectively capture, archive, and
analyze these data, they can considerably enhance transit functionality by
Improving management practices in different sections, including route planning,

scheduling, and service performance monitoring.

Automatic Vehicle Location (AVL)

An automatic vehicle location (AVL) system is a computer-based tracking system
capable of measuring the real-time location of vehicles equipped with Global
Positioning Satellite (GPS) receivers. The system transfers the collected data to the
transit center through cellular communications or radio. The data can be used
immediately to correct scheduling or any other operational deviation. This system
Is mostly utilized for fleet management because it identifies the location of the

vehicle for several reasons, including:
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e |Improving dispatch
e Operational efficiency
e Faster response times to disruptions in service

AVL data can also be applied to analyze running time, schedule adherence,
headway regularity, and passenger waiting time. The data can be archived and be

utilized for further analysis.

Automatic Passenger Counter (APC)

Automatic passenger counter (APCs) systems count the patrons entering and
exiting a transit vehicle. Before the invention of this system, transit systems needed
schedule checkers that were responsible for manually collecting ridership
information. APCs typically use one of two counting technologies, treadle mats or
infrared beams. Other technologies include optical sensors to detect passenger
boarding. Sensors and algorithms automatically provide a count of the number of
passengers that board and disembark at each bus stop during a trip. The central
processing unit of this system is an onboard microcomputer, which analyzes the
signals received from real-time sensors and generates an electronic record at each

bus stop, and then stores it in memory. Data stored in the memory include:
e Vehicle location
e Route Number
e Date and Time
e Ridership (hnumber of passengers boarding and disembarking)

e Times that doors open and close

221



e Additional information such as deployment of wheelchair lifts and bike rack

utilization

The data is grouped based on trips and is stored in the vehicle’s APC until it is
downloaded into an internal computer at the transit property for future processing.
Data collected from APC devices allows in-depth analysis of various passenger
demand-based issues such as passenger load assessment, which helps determine
demand rates in order to compute proper headways and departure times. Using
APC data also enables focusing on extreme values of crowding, as well as other

issues, including wheelchair lift and bicycle rack use.
Using Both Systems (AVL-APC)

Table 68 summarizes the prominent features of AVL and APC systems.

Table 68 - Prominent Features of AVL and APC Systems

System Name Features

AVL Automatic position determination by means of dead-reckoning (using the
vehicle’s odometer and compass), GPS, signposts (transmitted signals
picked up by vehicle), ground-based radio, and real-time reporting

APC Automatic counts of boarding and alighting passengers (e.g., use of
treadle mats or infrared beams placed by the door)

Using both APC and AVL systems can form important data sources for transit
agencies. Since AVL systems track the location of vehicles during the day, AVL data
iIs mainly used for the assessment of schedule adherence and running time
analysis. Evaluating and scheduling running time is one of the major applications of
AVL-APC data. AVL data enables agencies to determine running time variability that
results from traffic congestion. Agencies that do not take advantage of AVL systems

shall set running times based on limited manual samples, which may not be as
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accurate as AVL systems and cannot account for the variability of running time.

Using APC systems along with AVL offers data validation and reporting capabilities
that can improve the reliability and efficiency of AVL data. Analyzing archived AVL-
APC data allows transit agencies to find hidden trends that may assist in clarifying
the reason behind the irregularities of transit operations. An example of operational
irregularities is an irregular headway, which can initiate patrons’ complaints and
discouragement. ldentifying the reasons through AVL-APC systems offers new
solutions to eliminate or minimize the irregularities. Automated data collection
systems can only assist schedulers with what is occurring on the street but cannot
determine the reason(s). Therefore, schedulers may still need to obtain observations

from fieldwork and operations staff for further clarification.

Operator Input

Operator interviews are useful for acquiring information needed for schedule
adjustments. However, this method may sometimes not be a precise manner of
gaining exact and accurate quantitative data. Transit operators who are familiar with
a particular route are important sources of information. Conducting interviews with
experienced transit operators will result in obtaining essential information, such as
critical safety issues, places where extended dwell requirements are called for, and

passenger crowding locations.
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D. ldeas for Transit Efficiency

Improving Transit through Efficient Scheduling

e Union Work Rules

Collective bargaining agreements include many provisions and work rules, which
can limit the scheduling process. Work rules negotiated with a union more or less
dictate everything, such as the way that operator assignments are made,
complaints must be handled, and paychecks distributed. For operators, strict and
inflexible union rules offer stable work assignments. However, for transit managers,
these rules can create limitations in running the transit system in an efficient, flexible,

and cost-effective manner.

The following topics present several areas that should be considered to help transit

agencies enhance their efficiency.

e Four-Day Work Week

Some transit agencies have found that a combination of five-day and four-day work
weeks In the roster can improve overall efficiency. Four-day 10-hour shifts can
decrease non-productive time such as report, deadhead, and guarantee. Larger
transit agencies are more likely to see cost savings with a four-day week, as there
are more runs to develop efficient run cuts. With operators driving 10 hours a day,

transit agencies must be cognizant of possible safety issues due to fatigue.

If union rules are more flexible in authorizing agencies to generate operator
assignments for both four 10-hour shifts per week and five 8-hour shifts per week,

transit productivity could increase.

224



e Hiring Part-Timers

Due to the increased passenger demand, extra buses are normally scheduled to
operate during the peak hours of the morning and afternoon. These extra buses can
operate revenue service during peak hours for more than two or three hours at a
time. For transit agencies without part-time operators, regular full-time operators
must drive these runs. These runs are often paired up with another run to form a
split shift, or operators drive them in addition to their regular shift, resulting in
overtime pay. Transit agencies can save money and avoid incurring the high costs
of overtime by hiring part-time drivers to operate these runs and pay them for actual
time worked. In addition, part-time operators are frequently paid at a lower hourly

rate and have fewer benefits than full-time operators.

Bus operator unions, in general, oppose the hiring of part-time operators, as it can
reduce overtime for full-time operators. However, for an agency, part-time operators
are usually a major issue at the bargaining table as management attempts to get a

higher percentage of part-timers.

e Not Mandating a Minimum Percentage for Straight Runs

Most union contracts specify that a minimum percentage of all runs should be
straight. Therefore, considering that sometimes bus schedules cannot be generated
for straight runs, complying with this mandatory minimum percentage may force
transit schedulers to create straight runs that cause excessive overtime and penalty
time. For that reason, transit efficiency can be increased if union contracts negotiate

with transit agencies to generate a certain minimum percentage of straight runs.

e On-Time Performance

On-time performance is a measure of how well buses adhere to schedules. Keeping
the buses running on time is also one of the main goals for transit agencies.

However, due to the existence of potential obstacles or road conditions that affect
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on-time performance, the arrival or departure of late buses or occasional early
buses is almost inevitable. The following issues are some of the potential factors

that may trigger regular or occasional delays.

e Accident: Accidents may slow or even temporarily shut down the traffic flow and

cause considerable service delay.

e Breakdown: It is important that agencies consider having replacement vehicles

available in case of unexpected breakdowns.

e Bus Bunching: One of the primary challenges for the urban bus is maintaining
constant headways between successive buses. Even a short delay may cause
the buses to bunch together after a while. In such cases, while one bus may have
a high level of passenger demand, one or more of the subsequent buses may
pass the already cleared stops. Therefore, while one bus is full of passengers, the
subsequent buses may jump ahead of their scheduled time and run nearly
empty. Bus bunching may disrupt the spacing of buses on the schedule and
trigger long waiting times for passengers. Many transit agencies attempt to use
new technologies and tools to reduce both bus bunching and long waiting times
between buses. One of the new technologies is the Bus Transit Management
System. It allows for real-time monitoring of transit vehicles and enhances
communication between operators and the transit control center. The system
enables the control center to steer operators, help spread transit vehicles along

routes, and help operators stay on schedule.

e Construction/Detours: Operators facing construction work and temporary
detours on bus routes usually need additional running time not originally

provided in the schedule.

e Communication Problems: Transit control centers should be able to inform

drivers in case of major accidents or detours on the route. Operators also may
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need to reach the control center or dispatch to obtain directions or report
problems such as breakdowns. These can only be accomplished through
having a proper communication system. Effective communication to drivers will

minimize delays by allowing advanced time to plan.

e Late Pull-Out: Sometimes bus operators cause service delays as the result of a
late pull-out from the garage or depot. Transit agencies needs to have strict

policies and mechanisms in place for preventing this type of issue.

e Passenger load/unload time: Since dwell time usually takes a large part of bus
travel time, a large variability in dwell time makes it difficult to predict the accurate
arrival and travel times. During special events (movie, church, concert, school
dismissals, or other events), the bus service may experience higher ridership
levels than usual. Therefore, the duration of dwell time increases and the bus

requires longer passenger boarding/alighting time.

e Traffic Condition: The road traffic conditions can impact actual bus arrival and
departure times. High traffic volume on a particular road may cause a service
delay by reducing the operator's ability to stay on schedule. Roads without
obstruction may cause services to arrive on time or even earlier than the time
specified on the schedule. Traffic conditions usually vary depending on the time
of the day or other factors, including road construction, detours, and special

events.

e Impractical scheduling: In an effort to reduce costs, transit agencies may try to
maximize their services by shortening travel time and layover time. This practice
may result in creating unrealistic schedules and consequently, serious service

delays on a regular basis. This situation may also trigger passenger complaints.
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e Weather Condition: Because of severe weather conditions, operators and other
drivers may take precautionary measures into consideration since the traffic may

move slower than normal, resulting in service delays.

Improving On-Time Performance

An important performance measure for transit agencies is "on-time performance.”
This measure represents the percentage of buses that arrive or depart on time,
according to the published schedule. In general, on-time performance standards for
U.S. transit systems range from 75% to 95%. Aside from the manual collection of
random timepoint samples, most large transit systems use AVL or APC data to
determine on-time performance.

Monitoring on-time performance allows a transit system to discover whether or not
the service they provide is reliable. If the performance is relatively unreliable (e.g.,
below 70% on-time), the transit system needs to identify trends and detect problems
with individual routes, trips, operators, etc. to identify potential solutions, which may

require more resources or oversight.

ldentifying and improving bus routes that are performing poorly may enable transit
agencies to provide better service to their riders. More reliable and faster service
can usually help improve a transit system’s bottom line and increase ridership.
Passengers appreciate a system that keeps the buses running on time, as it reduces
the stress and uncertainty of arriving at their destination on time. Following are
some actions that transit agencies can take to improve bus speeds and the

reliability of their services.

Solutions to Improve On-time Performance

e Adjusting Schedules

Adjusting schedules improves schedule adherence, which greatly impacts on-time

performance. By modifying a schedule’s running time, layover-recovery times can
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help enhance schedule adherence, improve service reliability, and reduce the

number of vehicles running early.

Transit agencies usually attempt to enhance the schedule adherence by schedule
padding. To accomplish this, the agency adds time to the running time to make it
longer. However, to avoid producing extra costs for the system or prevent
decreasing the number of trips, they often provide this additional time by cutting
operators’ layover time. Since layover time and recovery time are usually combined,
this practice reduces the operators’ recovery ability in the case of unexpected

incidents.

Another strategy is to create “tight” schedules with a slightly reduced running time.
This will prevent buses from arriving or departing early and ensure buses arrive on
time or slightly late. If needed, additional time can be added to the layover and

recovery time.
® Proper Maintenance

Implementing vehicle maintenance standards and preventive maintenance
significantly impacts operational costs, safety, and reliability. The average number
of miles per breakdown (Transit Revenue Miles Between Failures) is used as an
indicator of maintenance standards. Employing proper preventive maintenance
programs helps prevent premature equipment failures and enhances service
regularity and equipment availability. A preventive maintenance program includes
replacing vehicle parts before they fail, checking fluid levels, making required
adjustments, and tightening loose fastenings. Overall, a preventive maintenance
strategy is more effective and less expensive than a reactive basis maintenance
strategy. In general, maintenance departments need to perform quality repairs to

prevent repeated breakdowns and costs.
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e Vehicle Changes

Some vehicle changes may improve on-time performance by smoothing the
process; utilizing smaller buses may help operators maneuver more easily in traffic,
and using ramps can speed up the loading of wheelchairs and bicycles. It has also
been proved that utilizing low-floor buses can reduce the passenger loading and

alighting times.
e Consolidate Stops

Consolidating bus stops refers to the process of evaluating bus stop patterns along
a bus route, identifying the infrequently used stops that could be removed or
combined, and creating a new optimal bus stop pattern. Transit agencies use
various bus stop consolidation solutions, including focusing on pilot corridors and
gradually phasing the changes. Some agencies try to move bus stops to the far side
of intersections to prevent problems at stoplights. Some may also adopt physical
changes, such as longer bus stops or bulb-outs to accelerate passenger boarding
and increase convenience. Implementing proper bus stop consolidation allows
accelerating bus services and maximizing the operating efficiency and ridership on

routes.
e Fare Policy

Changing the fare payment methods can assist in improving on-time performance.
Possible solutions in this regard can include collecting fares before passenger

boarding, or allowing passengers to board at both vehicle doors.
e Computer-Aided Dispatch and AVL System

Transit dispatch serves as the control center of operations to ensure the availability
of a daily consistent traffic service on the route. Dispatchers are the primary source

of directions for bus drivers. Transit dispatchers are responsible for the availability

230



of adequate labor and equipment to operate the scheduled service. Using new
technologies such as the computer-aided dispatch (CAD) system and Automatic
Vehicle Location (AVL) significantly impacts the efficiency of dispatching. GPS
tracking techniques allow for real-time tracking and immediate service adjustments.
Therefore, dispatchers can monitor schedule adherence based on real-time bus

location.

Using a bus AVL system improves situational awareness, and provides additional
voice communications management capability for dispatchers. AVL systems also
Improve the security via covert alarm monitoring that supports the ability for drivers
to immediately inform a control center in case of an onboard emergency. In these
situations, AVL enables dispatchers to know the exact vehicle location. In addition,
AVL systems benefit transit systems by transferring schedule adherence feedback
to dispatch, operators, and supervisors in order to enhance on-time performance
and reliability of the service. It allows dispatchers and supervisors to proactively

address the operational issues.
e Signal Timing

Synchronizing stoplights along transit routes enhances on-time performance by
allowing more green lights than red, resulting in more continuous traffic flows and

less stops.
e Driver Counseling and Reward

Bus operators that operate a service schedule that does not provide adequate
running time may not have enough control over schedule adherence issues.
However, if the bus operator intentionally disregards the schedule adherence, then
they should be counseled on the importance of keeping buses running on time. On
the other hand, operators that constantly maintain their schedule should be

rewarded. Some transit operators have mechanisms in place that either reward
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operators monetarily, give them a symbolic recognition, or both. This type of effort
gives incentives to operators to adhere to the schedule, which can also benefit the

riding public.
e Express Lane Service

Using express lane services on freeways has a great impact on speeding up transit

vehicles, making transit more competitive than the automobile.
e Streamlining Bus Routes

Streamlining bus routes increases efficiency by providing faster travel trips and
accelerating the service. Straightening routes, trimming deviations, eliminating
duplication, and shortening routes are possible solutions to achieving streamlined

bus routes.
e Transit Signal Priority

Bus priority, which is known as transit signal priority (TSP), refers to various
techniques that can be utilized by agencies to improve service and reduce delays
for mass transit vehicles at intersections controlled by traffic signals. TSP techniques
are mostly associated with buses, but can also be used with the streetcar, tram, or
light rail lines that conflict with general traffic. Agencies that take advantage of signal
priority can change stoplights for approaching buses. As a result of TSP, a moderate

Increase in bus speeds is expected.

According to the Federal Department of Transportation, utilizing TSP improvements
reduces travel times, improves schedule adherence, and increases transit

efficiency.

In general, transit signal priority techniques can be divided as "active" or "passive.”
Passive techniques are used to optimize signal timing or coordinate successive

signals to generate a green wave for traffic along the service route. Implementing
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passive TSP techniques does not require specialized hardware such as bus
detectors. On the other hand, active techniques function via the detection of transit
vehicles as they approach intersections, and then modify the signal timing so that it
benefits transit service. Therefore, unlike passive TSP technologies, implementing

active TSP is necessary for the utilization of specialized hardware.

As Figure 28 shows, an active priority system consists of a vehicle sensor located
upstream of an intersection approach that requests a signal priority call and a signal
controller. When a transit vehicle approaches the sensors, a transmitter, which is
installed on top of the vehicle, sends a signal to the traffic signal controller. Then,
the traffic signal controller (a computer), which is placed in a box near the traffic
signal or central headquarters, determines how the traffic signal must react to the

data.

Figure 28 - Active Priority System

Cost/Benefit Analysis Process

Transit service is expensive and requires significant direct and indirect costs.
Therefore, it is essential to perform a cost/benefit analysis in order to evaluate and
analyze public expenditure decisions. Cost/benefit analysis involves reviewing,
evaluating and identifying all cost elements and the proposed profits that will accrue
if a project is undertaken. This analysis determines the economically-efficient

investment alternatives.

For transportation projects, the cost/benefit process estimates a monetary value

that illustrates benefits to facility users and a monetary value that represents social
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benefits. To develop a comprehensive evaluation framework for a cost/benefit
analysis, it is important to consider estimating different kinds of impacts (benefits
and costs) including benefits, a project’'s capital and costs (including facility costs),
operational costs, maintenance costs, and various external costs such as risk of
accident. Atthe end, total costs should be deducted from the total benefits to retrieve

the net profit.

Route Design Considerations

Proper route design is the key to success for a given bus line, and it can significantly
impact the efficiency of the schedule. To improve transit efficiency, bus routes must
be designed to maximize the in-service time and minimize the out-of-service time.
The length of the route and the time that it takes for a transit vehicle to fulfill each
trip impacts the duration of the required layover, as well as the number of buses

needed to provide the service.

Before starting a new route’s design, a transit planner needs to have a complete
understanding of the current route structure and demographic data of the service
area. Demographic data ensures that there is adequate population density to
support the new service. Transit agencies often have service standards that
mandate that a percentage of the service area’s population and employment be

within a certain distance from the closest bus stop.

After identifying an area that requires a new bus line, it is time to consider the
location of terminals. As previously mentioned, bus terminals are points where a bus
route starts or ends. Since passenger boarding and alighting occurs at terminals,
significant trip generator locations such as hospitals, shopping malls, downtown

areas, transfer centers, and universities may be considered terminal locations.

Generating shorter routes as much as possible improves adherence to the

schedule. Creating deviations to serve notable trip generator locations is fine as long
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as the deviation’s ridership percentage of the overall ridership is greater than the
percentage of the additional required running time to serve the deviation of the total

running time.

Preferably, selecting streets with traffic calming strategies such as speed bumps
should be avoided, unless after performing an evaluation, the transit planner finds

no other option.
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E. Rail Scheduling

Differences between Rail and Bus Scheduling

In this section, the basic concepts of rail scheduling are examined. Rail scheduling
differs from bus scheduling in a variety of ways. Unlike buses, trams or light rail,
rapid transit systems operate on an exclusive right-of-way, which is usually grade-

separated in tunnels or elevated railways.

In general, rail scheduling is not as volatile as bus scheduling. There is a fixed
guideway, which determines the way that the route should be operated. The
guideway must be followed from the yard, which is equivalent to a “garage” in bus

scheduling, to the beginning of the route.

Unlike bus scheduling, there are variations within rail scheduling because there are
various types of rail operating systems. Following are descriptions of types of train

rail modes.

Streetcars: Transit vehicles in revenue service that operate on rails and commonly

travel in mixed traffic along roadways.

Light Rail Transit (LRT): Light rail is typically an urban form of public transport
powered by overhead electrical wires. LRT operates mainly on fixed rails on rights-
of-way that are often separated from other traffic. Light rail has a lighter frame
compared to a traditional train. Due to its lighter size and turning radius, light rail has

the ability to operate along city streets and urban corridors.

Heavy Rail: An electric railway with the capacity to handle a heavy volume of traffic.
The term is often used to distinguish it from light rail systems, which usually handle
a smaller volume of passengers. Heavy rail, also called the metro or subway, runs
on an exclusive right-of-way. And like LRT, heavy rail systems have underground or

elevated sections.
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Commuter Rail or Suburban Rail: A passenger rail transport service that primarily
operates between a city center and the outer suburbs. This rail service draws a
number of commuters that use this system to travel on a daily basis. These trains
operate by following a schedule and running at average speeds that vary from 30

to 50 mph.

The operational differences between rail systems are mainly at the terminals. The
operational approach that each rail system chooses is usually to comply with the
civil/track design of the particular terminal. Subsequently, it is so important that rail-

scheduling departments participate in the terminal designing.
Table 69 depicts several operational characteristics of the main rail systems:

Table 69 - Operational Characteristics of Rail Transit Systems

Generic Class Street Semi-rapid Rapid \

- sps/TU 100 - 500 100 - 750 140 - 2400 140 - 2000

|LineCapacity  sps/hour = 4000-15000 | 6000-20000 | 10000-70000 | 8000 - 60000

mpg 745-12.42 | 12.42-27.96 15.53-37.28 24.85-49.70
- 103sps-mph | 21.75-9321 | 74.56-372.82 @ 434.96-1118.47 497.10-2485.48
_\ - Low-Medium High Very High Very High

Safety - Medium High Very High Very High
| StationSpacing . miles 0.186-031 | 0.31-0621 0.31-1.242 0.745 - 2.796

sps=Spaces; TU=Transit unit; LRT=Light Rail Transit; RRT=Rail Rapid Transit; RGR=Regional Rail (Also CR=Commuter Rail)

Source: Urban Transit Systems and Technology (2007).

Rail scheduling has special characteristics and is commonly handled by different
schedulers. These schedulers must be completely familiar with rail operations and

also be able to follow local work rules, practices, and conventions.

Some basic differences between bus and rail scheduling include the following:
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e All heavy rail and most light rail require scheduling trains. “Train” refers to a
connected series of rail cars that move along the track. The number of cars in a
train is called a “consist.” Most rail systems possess more than one car. Some
light rail and heavy rail systems add and cut the cars of the train as the day

progresses, depending on the situation and passenger demand.

e |n general, since in rail scheduling each station has a timepoint, rail schedules

have more timepoints, compared to bus schedules.

e Unlike bus scheduling, rail scheduling is less likely to have running time changes.
Normally, most of the running times do not vary throughout the day. In some
situations, the rail system may have single-track operation with passing sidings
to provide a regular interval between meets, and it is extremely important to

maintain a constant running time throughout the day.

e Rail schedulers usually prepare work assignments for rail yard staff that move

trains for maintenance and switch cars for longer or shorter trains.

e Unlike bus scheduling, pull-outs and pull-ins shall be scheduled into the

timetable that is used by the public.

e |n terms of maintenance location, unlike buses that should be assigned to a
specific garage for maintenance, railways have line-based maintenance. In rall
systems, it is the responsibility of maintenance departments to determine the

locations and times of maintenance.

e Rail systems, especially systems with a longer rail length, may have two yards,
one at the each end of the rail route. Therefore, considering that they have line-
based maintenance, it is possible to cut down and save time and mileage by

assigning pull-ins and pull-outs to the nearest yard.
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e Ralil systems utilize drop-backs or fallbacks, which refers to the time when the
train operator (crew/conductor) disembarks from the train, takes a layover, and
then is ready to operate the next arriving train. Using drop-backs is most common
with short headways when there is not enough time for the train operator to take
their layover and continue operating the same train. In some cases, even double
drop-backs may be scheduled if frequent service is needed, and then the

number of trains in service must be maximized.

e Rail systems with double tracks often have track maintenance on weekends and
evenings, which require single tracking. Rail schedulers develop special
schedules for these situations. In some systems, a rail scheduler is assigned full-

time to prepare these special schedulers, as track maintenance is ongoing.

Cost Differences (Between Bus and Light Rail)

Capital Costs: In terms of capital costs, light rail systems cost more than bus
systems. This is due to its requirement for tracks, electric catenary, electrical
substations, and other infrastructure that buses do not need. Furthermore, light rall
lines require their own yards, while bus transit systems store and maintain their

vehicles at garages or depots.

Operating Costs: In terms of operating costs, some believe that operating a bus
system can be more expensive compared to light rail. The logic behind this belief is
that the capacity of buses is less than light rail trains. Therefore, for the same number

of passengers on light rail trains, a greater number of operating buses are needed.

However, it should also be considered that operating a light rail train can be more
costly than operating a bus. Consequently, only in circumstances where there is
enough passenger demand, which requires more frequent operation of buses,
replacing the bus transit system with a light rail system would result in a reduction
in operating costs. Otherwise, it cannot be justified that a transit system construct

and operate a light rail system if not supported by an adequate ridership demand.
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Nevertheless, aside from demand, there are other considerations in the selection of

the appropriate mode. Each mode has its own characteristics and purpose.

Track Structure, Merging, and Diverging of Lines

The structure of a track contains rails, fasteners, railroad, ballast, and the
underlying subgrade. The track guides the conical, flanged wheels, which support
a single, or multi-consist on the track. As a result, the need for active steering is

eliminated.

Tracks are made of two parallel steel rails, anchored perpendicular to members
called ties or sleepers that can be made of timber, concrete, steel, or plastic to
maintain a consistent distance apart, or rail gauge. Rail gauge has different
categories, such as standard gauge and narrow gauge. To prevent potential
incidents and meet safety requirements, tracks must be laid to conform to a loading
gauge, which restricts the maximum height and width for railroad vehicles and their

particular loads.

There are different configurations of tracks, such as “double track” and “crossover.”
Double track, as is obvious from its name, includes two adjacent tracks on the rall
bed. Unlike a single-track railway, where trains in both directions share the same
track, a double-track railway usually involves running one track in each direction.
Therefore, double tracks are bi-directional, especially older ones that use each track
exclusively in one direction. This bi-directional feature allows for the flow of
operating trains in opposite directions without any obstructions. Double track, as the
most common and simplest layout of railways, simplifies the signaling systems,

which are used to safely direct railway traffic to prevent trains from colliding.

“Crossover” is another track configuration. It is a pair of switches that connects two
parallel rail tracks, allowing a train on one track to cross over to the other. These

type of tracks are usually built close to the terminating station on the rail line. Due to
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the fact that crossover tracks can be used by trains in both directions for reversing
at the end of the line, schedulers pay specific attention to crossover locations in

order to avoid accidents that occur as a result of coincident arrival.

Junction Points: Junction refers to a location and point at which two or more rail
routes either merge into a common track or diverge into different tracks. Therefore,
at such points, there is a physical connection between the tracks of the routes,
assuming they use the same gauge. To transfer the train from one route to the other,
a simple junction is needed at locations where two tracks meet each other. In order
to allow trains to switch and pass from one line to the other line after joining a
junction point, a more complicated layout such as a triangular track layout may be
designed and built. On systems that have junctions on the rail routes, rail scheduling
requires unique and special safety consideration when two or more routes merge
onto a single track. Common tracks can be confusing for train passengers because

merging onto a common track requires that several routes serve a common stop.

Blocking

As previously mentioned in the blocking section, “blocking” refers to the process of
creating vehicle assignments or blocks. The process involves providing each
vehicle (bus) a fixed timesheet to follow throughout the day. Therefore, each bus

covers a set of trips from the master schedule.

Train scheduling also requires blocking as part of the process. Ralil trips require the
same blocking procedure as bus trips. The generated blocks are known as “train
blocks.” Hence, a complete train block contains a series of rail trips operated by
each train. In other words, in order to operate a particular complete block, a
scheduled train pulls out from the yard, operates one or more revenue trips and then

pulls back into the yard.
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In railroad scheduling, aside from the train blocks, transit schedulers are required to

prepare "crew blocks,"” which sometimes do not follow the train all day.

Yard Balancing

In order to reduce the amount of time and mileage for unnecessary trips that are
intended to transfer the train out of or into the yard, long-length rail lines usually
possess two yards; one located at each end of the line. Therefore, since rall
maintenance is line-based, it is possible that after operating the revenue service, a
train is assigned to pull into the nearest yard, and later a train is assigned to pull out
from the nearest yard, which is not the same one that was previously used for pull-
in. If the number of cars that pulled out of a specific yard at the beginning of the
service day is different from the number of cars that pulled in at the end of the
service day, the system incurs expensive yard deadheading costs in the middle of
the night. In order to prevent such costs, the scheduler must keep track of yard
counts, as well as car and train counts, and makes sure that the number of train
cars scheduled to be pulled into a particular yard at the end of the service day is
equal to the number that pulled out at the beginning of the service day. This

responsibility of the scheduler is called “Yard Balancing.”
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F. Recommended Reading

e Pine, R, Niemeyer, J., & Chisholm, R. (1998). 7ransit Scheduing: Basic and
Advanced Manuals (TCRP Report 30). Transportation Research Board .
Washington, D.C: National Academy Press.

e Boyle, D., Pappas, J., Boyle, P, Nelson, B., Sharfarz, D., & Benn, H. (2009).
Controlling System Costs. Basic and Advanced Scheduling Manuals and
Contemporary Issues in Transit Scheduling (TCRP Report 135).
Transportation Research Board of the National Academies, Transit

Cooperative Research Program, Washington, D.C.

For additional information, scheduling staff are encouraged to look in the

References section for topics related to transit scheduling.
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Appendix A

Key National Organizations

APTA (American Public Transportation Association): http://www.apta.com

COMTO (Conference of Minority Transportation Officials): http://www.comto.org

CTAA (The Community Transportation Association of America):
http://www.ctaa.org

CUTR (Center for Urban Transportation Research): http://www.cutr.usf.edu

FRA (Federal Railroad Administration): http://www.fra.dot.gov

FTA (Federal Transit Administration): http://www.fta.dot.gov

MTI (Mineta Transportation Institute): http://transweb.sjsu.edu

NAPTA (National Alliance of Public Transportation Advocates):
http://www.publictransportation.org/napta

NTD (National Transit Database): http://www.ntdprogram.gov

NCTR (National Center for Transit Research): http://www.nctr.usf.edu

NTI (National Transit Institute): http://www.ntionline.com

TCRP (Transit Cooperative Research Program): http://www.tcrponline.org

TRB (Transportation Research Board): http://www.trb.org
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Appendix B

Glossary

Ia I

Agency-Developed Rostering: The process in which the transit agency packages

daily runs into weekly work schedules or rosters in advance of the sign-up. The
operators then select from the prepared rosters.

Alighting: The action of getting off a transit vehicle.
Synonyms: Off

Alternate-Fuel Buses: Buses using low-polluting fuels in place of diesel or
gasoline. Examples of alternate fuels include compressed natural gas (CNG),
liquefied natural gas (LNG), ethanol, methanol, and propane. Electric or hybrid
electric vehicles also fall within this definition.

AM Block: A block that is in service only during the AM peak period.

AM Peak: The morning commute period, in which the greatest movement of
passengers occurs, generally from home to work. The portion of the morning
service period where the greatest level of ridership is experienced and service
provided. The AM peak time varies, and it can go from 6:00 a.m. to 9:00 p.m.

Americans with Disabilities Act of 1990 (ADA): The law passed by Congress in
1990. It prohibits discrimination and ensures equal opportunity and access for
persons with disabillities.

Articulated Bus: An extra-long (60 to 80 feet) bus with the front and rear sections
connected by a joint mechanism that allows the vehicle to bend in sharp turns
and curves and yet have a continuous interior for passenger movement.
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Automatic Passenger Counting (APC): Systems that count the number of
passengers boarding and alighting transit vehicles at each stop. APC technologies
include treadle mats, horizontal or vertical infrared beams, and digital imaging;
infrared beams are the most commonly used technology.

Automatic Vehicle Location (AVL): Systems are vehicle tracking systems that
function by measuring the real-time position of each vehicle and relaying this
information back to a central location. The vehicle location is identified through the
use of global positioning systems (GPS). The information is used to assist transit
dispatchers, as well as inform travelers of bus status. AVL is a potential source of
running time and on-time performance data for scheduling, but only if an archival
reporting system is included.

Average Weekday: A representative weekday in the operation of the transit
system computed as the mathematical average of data for several typical
weekdays. A typical weekday is one where there are no anomalies such as high
ridership due to extra service added for a special event or low ridership due to
inclement weather. Some schedulers claim that this does not really exist. Average
Saturday and average Sunday are determined in the same way.

Banging out the Schedule: A rail scheduling term for the process of scheduling

trips on lines that share a common segment in such a way that spaces the trains
on the common segment or eliminates conflicts with two trains running too close
together. If the spaces on the common segment are evenly apart, this is the ralil
equivalent of “intertiming.”

Base Block: A block that is in service during the AM peak, midday, PM peak and
possibly evening periods. Straight runs are often cut from base blocks.

Base Fare: The price charged to one adult for one transit ride; excludes transfer
charges, zone charges, express service charges, peak period surcharges and
reduced fares.
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Base Period: The period between the AM and PM peak periods. During this period,
ridership is lower than in peak periods and transit service is less frequent and
generally scheduled on constant headways.

Base Period: Includes the hours between the AM and PM peak periods, during
which ridership is generally lower than in peak periods. Also known as “midday” or
“off -peak period.”

Synonyms: Off-Peak Period, Midday Period

Base Vehicles: The number of vehicles required to operate the route at the
required headway during the base period. This is calculated as the cycle time in
the base period divided by headway in the base period.

Synonyms: Base Period Vehicle Requirement

Bid Package: See Rostering

Block Graph: A graphical representation of all blocks assigned to a garage that
must be considered in the run cut solution. The graph includes, at a minimum, the
start and end times of each block, and may also include terminal times and all
eligible relief times. Understanding the number and duration of all blocks is an
Important requisite in reaching an optimal run cut solution.

Block Number: A unique number associated with a specific block, used to track
the block throughout the scheduling process and as a means of identification for
the operations department.

Block Summary Table: Provides a summary of vehicle statistics, including
platform hours and mileage, by block.

Blocking: The process in which trips are “hooked” together to form a vehicle
assignment or block.
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Blocking Sheet: A sheet listing all blocks, which also includes the trips and times
for all trips within each block.

Board: To go onto or into a transit vehicle.
Boarding: A passenger getting into a transit vehicle.
Synonyms: On

Branch: An outer route deviation served by a single route.

Bus: A rubber-tired road vehicle designed to carry a substantial number of
passengers (i.e., 10 or more), commonly operated on streets and highways for
public transportation service.

Bus Hours: See Vehicle Hours

Bus Rapid Transit (BRT): A rubber-tired bus service that, through improvements to
infrastructure, vehicles, and other branding characteristics, is intended to enhance
the service quality compared to regular bus service. BRT systems may include
exclusive right-of-way, transit signal priority, higher-capacity vehicles, enhanced
stations, and off -bus fare collection systems.

Bus Stop: A curbside place where passengers board or alight transit.

Ic I

Cafeteria-Style Rostering: The process in which operators create their own

rosters by selecting daily runs and days off from a master list.

Car Hours: See Vehicle Hours

Car Pooling: The use of an automobile to ferry more than one operator between
the garage and a relief location, or even between two relief locations.
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Clear Allowance: The amount of time paid to an operator at the conclusion of the
run to turn in transfers, fare media, or other supplies and reports.

Synonyms: 7Turn-in Allowance, Check Out time

Collaterals: Includes all of the various types of penalties and premiums that might
be required to make legal runs.

Consist: A rail term that refers collectively to the rail cars comprising a train, i.e., a
four-car train is a four-car consist.

Crew Block: The series of trips operated by each train crew from pull-out to pull-in.
The crew block will differ from the train block if drop-backs are scheduled for the
crews.

Crosstown Route: A non-radial route that typically does not serve downtown areas.

Cycle Time: The total of the round-trip running time that includes the layover or
recovery time.

Synonyms: Round-Trip Cycle Time, Round-Trip Time

Deadhead: The time and distance that a bus travels in no-revenue service and will

not pick up passengers. Deadheading normally allows buses to get to and from
their garage or to travel from one route to another as part of the daily service.

Deadhead Hours: Include pull-in time, pull-out time, and deadhead time from one
route or point to another.

Synonyms: Non-Revenue Travel

Deadhead Miles: The miles a vehicle travels in no-revenue service.

Deadhead Time: The hours a vehicle travels in no-revenue service.
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Destination: The location where a passenger ends their trip.

Dispatch Sheet: A list of all runs or blocks sorted by start time, typically used by
operations to track staff and vehicle movements throughout the day.

Division: See Garage. A division may represent a group of garages with some
common labor and/or management organization.

Downtime: The time when a vehicle is inoperative due to repairs or maintenance.

Drop-back: A technique where the operator or train crew gets off an arriving
vehicle at a terminal, takes a layover, and assumes operation of the next vehicle to
arrive. Most common on frequent rail lines where close headways do not allow
sufficient layover time for the train crew, this technique is also used for special
events to maximize the number of trains in service. If service is very frequent, the
train crew may not board the next train, but instead, the train after that; this is
called a “double drop-back.”

Synonyms: Fall-Back

Dwell Time: The scheduled time a vehicle or train is allowed to discharge and
take on passengers at a stop, including opening and closing doors.

Early AM: The time period before 7:00 a.m.

Exception Scheduling: Scheduling activity undertaken to address major
construction detours or delays, sporting events, holiday service, or other special
situations.

Express Service: A service generally connecting residential areas with activity
centers via a high-speed and non-stop route with limited stops at each end for
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collection and distribution. Park-and-ride lots, at the residential end of the route,
are a common feature of the express service.

Extraboard: A group of operators that provide coverage of vacant runs and other
work on a daily or weekly basis. Operators may pick the extraboard during a sign-
up or may be assigned to the extraboard if no additional runs are available. Also
known as “the Board.”

IF I

Fare Box Recovery Ratio: Measure of the proportion of operating expenses

covered by passenger fares; found by dividing Fare Box Revenue by total
Operating Expenses for each mode and/or systemwide.

Fare Box Revenue: The value of cash, tickets, tokens and pass receipts that
passengers use as payment for rides; excludes charter revenue.

Fare Elasticity: The extent to which ridership responds to fare increases or
decreases.

Federal Transit Administration (FTA, formerly UMTA, Urban Mass Transit
Administration): A part of the U.S. Department of Transportation (DOT) that
administers the federal program of financial assistance to public transit.

Feeder Service or Feeder Route: A service that picks up passengers and transports
them to another transit mode, transit station, park-and-ride, or other transfer facility.

Fixed-Route Service: A service provided on a fixed-schedule along a specific
route where vehicles stop to pick up and drop off passengers.

Free running time: The absence of a specified running time along a given
segment, with an estimated arrival time at the end of the segment. Frequently
used on the express portion of an express bus trip, free running time is a
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component of headway-based schedules and is sometimes included on the last
segment of a local route.

Frequency: The number of vehicles passing a point on a route within a given unit
of time, usually expressed as vehicles per hour. See also “headway.” Headway is
the inverse of frequency (e.qg., a service frequency of four buses per hour is
equivalent to headway of 15 minutes).

Full-time operator: An operator available to work full-time and eligible to receive
full benefits. A full-time operator is usually guaranteed 40 hours of work per week.

Full-time run: A work assignment whose total hours equal or exceed the
guaranteed minimum number of hours for a full-time operator.

Synonyms: Regular Run

le I

Garage: The place where revenue vehicles are stored and maintained; an area

where vehicles are dispatched and recovered for the delivery of scheduled
service.

Synonyms: Barn, Base, Depot, District, Division, Station, Yard, Storage Lot

Garage: The place where vehicles are stored and maintained, and where
operators report for their assignments.

Garage Relief: An operator relief that occurs at the garage.

Global Positioning System (GPS): A satellite-based navigation system that
provides accurate and continuous location information. Tunnels, terminals, and
urban street canyons can limit GPS accuracy.

Headway: The time between two consecutive vehicles running in the same
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direction on the same route, usually expressed in minutes. See also “frequency.”
Frequency is the inverse of headway.

Headway Sheet: A document that displays all timepoints and trips on a route.
Usually includes run numbers, block numbers, and pull-in and pull-out times. Used
interchangeably in this manual with “master schedule.”

Synonyms: Recap, Rotation, Master Schedule

Heavy Rail (HR): Transit service that uses rail cars with self-contained, self-
propelled motive capability, driven by electric power usually drawn from a third
rail, and operated on an exclusive right-of-way with level platform boarding. Heavy
rail generally utilizes longer trains and longer spacing between stations than Light
Rail.

High Occupancy Vehicle (HOV): Vehicles that can carry more than two persons.
Examples of high occupancy vehicles are a bus, vanpool and carpool.

Hooking: The process of attaching the end of a trip in one direction to the
beginning of a trip the other direction. A block is a series of hooked trips. Also see
Rehooking.

Hot: A term used to describe a trip that leaves a timepoint early. Such a trip is
called “running hot.”

Hybrid bus: A bus that runs on hybrid propulsion that combines an internal
combustion engine and an electric propulsion system. The most common
are hybrid diesel-electric buses, which consume less energy and have lower
emissions that regular diesel buses.

Interlining: Interlining is used two different ways: Interlining allows the use of the

same revenue vehicle and/or operator on more than one route without going back
to the garage. Interlining is often considered a means to minimize vehicle
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requirements, as well as a method to provide transfer enhancement for
passengers. For interlining to be feasible, two (or more) routes must share a
common terminus or be reasonably proximate to each other (see Deadhead).

Synonyms: 7Through Routes, Interlock Routes, Interlocking

Interlining: The use of the same vehicle and/or operator on more than one route
without going back to the garage. This is most often done at common bus
terminals where routes meet. Interlining is often considered a means to minimize
vehicle requirements, as well as a method to minimize transfers for passengers.

I I
Ix I

Kiss and Ride: A place where commuters are driven and dropped off at a station

to board a public transportation vehicle.

I I

Layover: Layover time gives operators a rest or a break between trips. Layover

time is often determined by labor agreements that require off-duty time after a
certain amount of driving time. Often used interchangeably with “recovery time,”
although technically speaking, layover time is rest time for the operator between
trips, while recovery time is time built into the schedule to ensure an on-time
departure for the next trip.

Synonyms: Recovery Time

Light Tail: A fixed-guideway mode of transit service using electrically propelled rail
cars that draw current from overhead wires, are operated on reserved but not
necessarily grade-separated right-of-way. Light rail generally utilizes shorter trains
(at times one-car trains) and shorter spacing between stations than heavy rail, and
may also operate in streets with mixed traffic.
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Limited Service: A bus service that makes stops only at major points along the
route. It is similar to express service, but without very long non-stop segments.

Limited-Stop Service: A bus service that normally operates on main arterials, and
makes stops only at major points along the route. It is similar to express service,
but without very long non-stop segments.

Line of Work: A weekly work package developed during rostering, which consists
of a fixed set of runs and days off for a set workweek.

Line Pick: A sign-up held in between scheduled sign-ups to fill one or more runs
permanently vacated due to iliness, disability, or termination. Only operators with
less seniority than the prior holder of the vacated run are eligible to bid. Also, a
special sign-up held on one route only due to a significant schedule change on
the route during the sign-up period.

Linked Passenger Trips: A linked passenger trip is a trip from origin to destination.
Even if a passenger makes several transfers, the trip is counted as one linked trip.
Unlinked passenger trips, on the other hand, count each boarding as a separate

trip.

Load Factor: The ratio of passengers carried versus the total seating capacity of the
vehicle. A load factor greater than 1.0 indicates that there are standees on that
vehicle.

Loading Standard: An agency performance measure for passenger loads. The
loading standard is usually expressed as a percentage of the seated capacity, as
the maximum number of standees, or as the maximum load. Loading standards
can be used to limit the number of standees and can be different during peak
times.

Low-floor Bus: A vehicle that has no stairs at its doorways. This allows faster
boardings and alightings for all passengers and provides easier access to people
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with mobility difficulties. The tradeoff is that due to the low floor, the wheels take
up space within the passenger compartment, reducing the number of seats.

Light Rail Transit (LRT): A transit mode (also called streetcar, tramway, or trolley)
that typically is an electric railway with a light volume traffic capacity, compared to
heavy rail. There is no standard definition, but in the United States, light ralil
operates primarily along exclusive rights-of-way at ground level, on aerial
structures, in subways, or occasionally, in streets, and uses either individual
tramcars or multiple units coupled to form a train. LRT vehicles are typically driven
electrically, with power being drawn from an overhead electric line via a trolley or
a pantograph and driven by an operator on board the vehicle. LRT vehicles tend to
have relatively smooth and comfortable operation, easy boarding, attractive
station areas, and easy-to-understand routes and schedules.

Make-Up Time: Time added to an operator's work hours to bring the total up to

the guaranteed minimum (usually eight hours per day or 40 hours per week). Full-
time operators often have an eight-hour guarantee, even if their runs are short of
eight hours.

Synonyms: Guarantee Time, Boost Time, Bonus Time, Pad Time

Master Run List: A list containing all weekday, Saturday, and Sunday runs. The
Master Run List may be the Run Guide or some variation of the Run Guide.
Typically used in cafeteria rostering.

Master Schedule: A document that displays all timepoints and trips on a route.
Usually includes run numbers, block numbers, and pull-in and pull-out times. Used
interchangeably in this manual with “headway sheet,” and also known as “recap”
or “rotation.”

Match-Up Sheet: A listing of all arrival and leave times of all routes at a particular
terminal. This sheet simplifies the process of interlining trips.
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Maximum Load: The largest number of passengers aboard a vehicle at any given
point along the trip.

Maximum Load Factor: The maximum number of passengers aboard a vehicle,
divided by the vehicle’'s seating capacity, and expressed as a percentage (e.g., 100%
corresponds to a fully seated load with no standees).

Maximum Load Point: The location along the route where the passenger load is
the greatest. The maximum load point can vary by direction and by time of day.
Long or complex routes may have multiple maximum load points, or one for each
segment.

Synonyms: Peak Load Point

Maximum Load Point: The location(s) along a route where the vehicle passenger
load is the greatest. The maximum load point(s) generally differ by direction and
may also be unique to each of the daily operating periods. Long or complex routes
may have multiple maximum load points.

Meet: When two trains on two different tracks (in single-track operation, one train
IS on a passing siding) converge at the same location.

Midday: The weekday time period between 9:00 a.m. and 4:00 p.m. On most lines,
headways remain fairly constant during this period of the day.

Miss Out: The term applied when a scheduled operator does not report on time
for his/her assignment.

Synonyms: No Show, Miss

Missed Trip: A schedule trip that did not operate for a variety of reasons, including
operator absence, vehicle failure, dispatch error, traffic, accident or other
unforeseen reason.

264



Mode: A type of transit service characterized by vehicle or operational features.
Common transit modes include motorbus, trolleybus, light rail, heavy rall,
commuter rail, and demand-response.

Multipiece Runs: Runs made up of pieces from multiple blocks. In most cases,
split runs are inherently multi-piece runs. However, either half of a split run could
itself have multiple pieces, cut from multiple blocks.

Multipiece Straight: See Straight Run
IN I

Night: The weekday time period after 6:00 p.m.

No-show: A term used to describe a scheduled trip that was not cancelled by the
passenger but when the driver arrived to pick up the passenger, he or she was not
available for the trip.

Note: Text associated with a trip or a specific timepoint on a trip. Typically reported
on scheduling outputs such as headway sheets and paddles, it can be an
essential part of posting information for the operator's pick. A subset of notes may
also be exported to public timetables. Notes often describe exceptions, e.g., “trip
does not operate when school is closed” or “trip departs from Gate X".

Synonyms: Comments

lo I

Off-Peak: Non-rush periods of the day when travel activity is generally lower and

less transit service is scheduled.

On-Street Relief: The process where, at a specific time during a specific trip on a
block, one operator's run ends, and another operator’s run begins. The relief may
occur at a terminal or at a designated point along the route (possibly close to the
garage). On-street relief is used to minimize pull-out and pull-in miles and hours.
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Operators are usually paid travel time between the garage and the relief point.
Reliefs may also occur at the garage; these are known as “garage reliefs.”

On Time: A trip is considered on time if it arrives or departs from a timepoint within
a specified range of time. This is defined specifically by each system, and there are
no standards, as the on-time parameters can vary from 2 minutes early to 5
minutes late. A bus that leaves a timepoint early is referred to as “running hot.”

Open Run: A run that was not bid at the previous sign-up or has been vacated
during a sign-up due to retirements, terminations, long-term illnesses, etc.

Operating: Maintaining the ongoing functions of an agency or service. “Operating
expenses” include wages, benefits, supplies, and services. “Operating assistance”
Is used to pay for the cost of providing public transit service.

Operating Assistance: Financial assistance for transit operating expenses (not
capital costs); such aid may originate with federal, local or state governments.

Operating Cost: The total costs to operate and maintain a transit system,
including labor, fuel, maintenance, wages and salaries, employee benefits, taxes,
etc.

Operating Deficit: The difference of operating expenses and operating revenues.

Operating Expense: Expenses associated with the operation of the transit agency,
and goods and services purchased for system operation.

Operating Revenue: Revenue derived mainly from passenger fares, but it can also
include revenue from advertising and other services provided to other agencies or

organizations.

Origin: The location where a passenger begins a trip.
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Overtime Premium: Higher pay rate than the normal rate for work performed in
excess of normal daily or weekly hours, usually after eight or ten hours per day, or
40 hours per week.

Owl: A run that operates during the late night/early morning hours to provide all-
night service.

Synonyms: Hawk

Ip I

Paddle: An output of the scheduling process that provides the operator with

information regarding his or her workday—what time the workday starts/ends,
how to get to/from relief locations, the trips to be operated, times at all timepoints,
and notes. If an operator drives on more than one route in the day, the paddle will
have all trips shown sequentially, as well as travel paths between routes, if
needed. The paddle may also include a list of route turns, route maps, farebox,
headsign, and radio codes, and key intersections and stops that must be
announced.

Synonyms: Trip Sheet, Board, Manifest, Schedule

Paratransit Service: Transit service offered to individuals with disabilities who are
unable to use fixed route transportation systems. It is also called demand
response and uses automobiles, vans or small buses to provide service.
Passengers must apply for eligibility and trips needs to be scheduled in advance.

Park-and-Ride: A facility where transit passengers can park their vehicle to catch a
bus, vanpool, or carpool to reach their final destination.

Part-Time Operator: An operator who works less than the local definition of full-
time. A part-time operator may not receive the full benefits of a full-time operator,

and may be paid at a lower wage rate.

Part-Time Run: See Tripper
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Passenger: A person who rides a transportation vehicle, excluding the driver.

Passenger Check: A check (count) made of passengers arriving at, boarding and
alighting, leaving from, or passing through one or more points on a route. Checks
are conducted by riding (ride check) or at specific locations (point check).
Passenger checks are conducted in order to obtain information on passenger
riding, which will assist in determining both appropriate directional headways on a
route and the effectiveness of the route alignment. Passenger checks are also
undertaken to meet FTA National Transit database (NTD) reporting requirements.

Synonyms: 7ally

Passenger Load: The number of passengers divided by the number of seats on
the bus. Passenger load is expressed as a ratio and is measured at points along
the route. Of particular interest is the maximum passenger load on a route or
segment.

Passenger Miles: The total number of miles traveled by passengers on transit
vehicles; this is determined by multiplying the number of unlinked passenger trips
times the average length of their trips.

Passengers Per Minute (PPM): The measurement of how many people
accumulate every minute at all bus stops waiting for service in the direction being
analyzed.

Patch: A temporary modification to a trip or series of trips on a route implemented
during the sign-up period to account for a detour or to address minor running time
problems.

Pattern: See Service Pattern and Schedule Pattern
Pay Hours: The number of hours that an operator is paid at his/her rate. Pay hours

include work hours, make up time, overtime premium, spread premium, and any
other adjustments called for in the contract.
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Pay-to-Platform Ratio: The ratio of pay hours to platform time.

Peak Express Route: An express route that commonly provides service between an
outlying area and the city center.

Peak/Base Ratio: The number of vehicles operated in revenue service during the
peak period divided by the number operated during the base period.

Peak Hour/Peak Period: The period with the highest ridership during the entire
service day, generally referring to either the peak hour or peak several hours (peak
period).

Synonyms: Commission Hour

Peak Period: Hours during which ridership is highest, usually in the morning and
afternoon commute times.

Peak-to-Base Ratio: The ratio between the number of transit vehicles required to
operate during the higher of the peak periods divided by the number of vehicles
required in the base period.

Peak Vehicles: The maximum number of vehicles required to operate the route at
the required headway. Quickly calculated as round-trip cycle time divided by
headway. Also referred to as “peak vehicle requirement.”

Synonyms: Peak Vehicle Requirement

Pick: The selection process by which operators are allowed to select their work
assignments.

Synonyms: Bid, Mark-up, Line-up, Shake-up, Sign-up

Piece Balancing: The process in which the scheduler strives to balance the
number of AM and PM pieces to increase the possibility of creating split runs that
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are in accord with formal and informal rules, and to leave a balanced number of
AM and PM trippers for the extraboard to cover.

Pieces: Portions of a run, especially distinct portions separated by a break.

Platform Time: A phrase derived from the days when motormen and conductors
operated from the “platform” of a streetcar; includes all times when the operator is
operating the vehicle. Layover time and pull-in and pull-out times are part of the
platform time; however, report allowance and clear allowance, and travel time
(unless part of a pull-in or pull-out) are not. Similarly, platform miles include all
miles traveled while the operator is operating the vehicle. Also known as “vehicle
hours.”

Platform (Vehicle) Hours: The number of hours that buses are on the road, from
the time vehicles pull out to the time they pull in. This includes revenue time,
layover time, and deadhead time.

Annual Platform (Vehicle) Hours: The number of platform hours operated during
a calendar year for a given route.

PM Block: A block that is in service only during the PM peak period.

PM Peak: The afternoon period in which the greatest movement of passengers
occurs, generally from work to home. The PM peak time varies and it can go from
3:00 p.m. to 6:00 p.m.

Point Check: A technique to collect information about passenger loads and
schedule adherence at a single location (or point), typically a timepoint or a
location where branches of a route diverge.

Synonyms: Line Check

Posting: The term used for notification to operators of all work assignments that
will be available for selection during the next sign-up. Runs are posted for cafeteria
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rostering; rosters are posted for agency-developed rostering. Runs and rosters are
posted days prior to the start of actual bidding to provide time for operators to
study their options before making their selection.

Premium Pay: Payment to an operator that is over and above the straight time pay
rate; includes overtime premium, spread premium, shift premium, and any other
operating premiums as defined by the contract.

Pull-In: The non-revenue movement of a vehicle from its last scheduled terminal
or stop to the garage.

Pull-In Miles: The distance the vehicle travels from the route to the garage, and
are included in vehicle miles, but not in revenue miles. Collectively, pull-in miles
and pull-out miles are also known as pull miles and are components of deadhead
miles.

Pull-In Time: The time the vehicle spends traveling from the route to the garage.
Pull-in time is included in vehicle hours, but not in revenue hours. Pull-in time and
pull-out time are also known as deadhead time.

Synonyms: 7urn-in Time, Deadhead Time, Run-off Time

Pull Miles: See Pull-In Miles and Pull-Out Miles

Pull-Off Location: The place on a route where a vehicle ends revenue service.
Pull-On Location: The place on a route where a vehicle begins revenue service.
Synonyms: Fit-In Point

Pull-Out: The non-revenue movement of a vehicle from the garage to its first
scheduled terminal or stop.

Pull-Out Miles: The distance the vehicle travels from the garage to the route, and
are included in vehicle miles, but not in revenue miles. Collectively, pull-in miles
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and pull-out miles are also known as pull miles and are components of deadhead
miles.

Pull-Out Time: The time the vehicle spends traveling from the garage to the route.

Pull-out time is included in vehicle hours, but not in revenue hours. Pull-in time and
pull-out time are also known as deadhead time.

Synonyms: Deadhead Time

Pull Reliefs: Reliefs made by pulling out one vehicle and pulling in another vehicle.
Pull Time: See Pull-In Time and Pull-Out Time

lo I
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Radial Route: A route that radiates from the city center to the outer areas.

Recovery Time: The scheduled time at an identified location, usually a terminal at
the end of the line, to ensure an on-time departure for the next trip. This helps a route
return back to schedule and recover from traffic, loading, or other conditions.

Synonyms: Layover Time

Rehooking: The process of changing how trips are linked into a block. This is done
when evaluating blocks, as well as during the run-cutting process.

Relief: The replacement of one operator on a vehicle by another operator on the
same vehicle. The first operator may be going on a break or may be ending
his/her workday. The second operator may be starting his/her workday or coming
back from a break.
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Relief Location: A designated point on a route where operators or crews may be
scheduled to begin or end their run or a piece of their run. This can include the
garage itself.

Synonyms: Relief Point

Relief Opportunities: Times within a block when relief can be scheduled, typically
at the end of a trip or when the vehicle passes a specified relief location.

Relief Point: Refers to a list of locations where bus operators begin their respective
run assignments when scheduled to relieve an operator who is already in service
on a route. Each division has specific relief locations for its routes.

Synonyms: Reljef Location

Relief Run: A run that is available as a result of other operators’ day off selections.
Some rosters are made up of several different relief runs.

Report Allowance: The amount of time that an operator is paid, from sign-in time
to pull-out time. During this time, the operator may obtain instructions and supplies
pertinent to his/her run, locate the assigned vehicle, and perform a pre-trip

Inspection.

Report Time: Sometimes used to refer to report allowance. See Sign-In Time.

Revenue: Receipts derived from or for the operation of transit service, including
fare box revenue, revenue from other commercial sources, and operating
assistance from governments. Fare box revenue includes all fare, transfer charges,
and zone charges paid by transit passengers.

Revenue Hours: The number of hours in revenue service. It includes

layover/recovery time, but excludes deadhead hours.
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Revenue Miles: The number of miles of service available to passengers for
transport on the routes. Excludes deadhead miles. Calculated for each route and
for the system as a whole.

Revenue Service: Service that is available when a revenue vehicle is in operation
over a route and is available to the public for transport.

Revenue Vehicle Hour: The measurement of scheduled hours of service available
to passengers for transport on the routes, equivalent to one transit vehicle traveling
In one hour in revenue service, excluding deadhead hours, but including
recovery/layover time. Calculated for each route.

Ride: A single passenger using a single transit vehicle for a segment of their trip.

Ride Check: A technique to collect information about boarding and alighting at
every stop, in addition to passenger loads and schedule adherence at all
timepoints. Ride checks may also include data collection on the type of fare paid,
stop announcements, or other information of interest to the agency. Ride checks
are more labor-intensive than point checks, but provide more complete data for a
given route.

Synonyms: On-Board Count, On-Board Tally

Ridership: The number of rides taken by people using a public transportation
system in a given time period.

Rostering: The process of grouping daily operator runs into packages of weekly
work assignments. The finished package is known as a roster, a bid package or
lines of work.

Rotating (Rotary) Roster: A roster where operators cycle through the weekly Lines

of Work over the course of the sign-up period.

Round-Trip: A trip that travels along a route and then returns to its original starting
point; a combination of two one-way trips on a route.
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Route: A specified path taken by a transit vehicle usually designated by a number
or a name, along which passengers are picked up or discharged.

Synonyms: Line

Run: A work assignment for an operator. Most often, “run” refers to a whole day’s

work assignment.

Run Guide: A summary of runs that describes start/finish locations, work hours,
and cost element breakdowns. The Run Guide is the principal document that
describes all of the runs available for bid.

Synonyms: Bid Sheet, Run List

Run Number: The number assigned to each work assignment on a specific day.
At some systems, the run number is unique only when used in combination with a
designator for the garage or the route or route group number.

Run Summary: A list of runs showing start/finish times, hours worked, and paid
hours. Payroll systems use the Run Summary.

Run-cutting: The process of converting (or cutting) vehicle blocks into work
assignments for operators. The finished product is referred to as a run-cut.

Running Time: The time it takes for a vehicle to travel the length of a route or
between two specific points on a route. One-way running time is time in one
direction along the route. Round-trip running time is time in both directions
combined. Running time does not include layover/recovery time.

Synonyms: Travel Time

Is I

Schedule: [From the transit agency (not the public timetable)] A document that, at

a minimum, shows the time of each revenue trip through the designated
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timepoints. Many properties include additional information such as route
descriptions, deadhead times and amounts, interline information, run numbers,
block numbers, etc.

Synonyms: Headway, Master Schedule, Timetable, Operating Schedule, Recap/
Supervisor’s Guide

Schedule: A document that shows trip times at timepoints along a route. The
schedule may also include additional information such as route descriptions,
deadhead times, interline information, run numbers, and block numbers.

Schedule Efficiency: The ratio of revenue hours to vehicle hours. A measure of the
degree to which deadhead and recovery time are kept from consuming too high a
proportion of total vehicle hours.

Schedule Pattern: A summary of the schedule in terms of running times between
timepoints and layover time at terminals. The schedule pattern can be repeated
throughout the day or can change as running times and layover times change
during the day.

Scheduled Recovery Time: The scheduled time a bus or light-rail car sits at the end
of the trip in order to provide schedule restoration and allow the operator to take a
break. It is often referred to as “layover time.”

Schedule Reliability: A performance measure that transit agencies use to
determine the percentage of buses that arrive or depart on time. In general, on-time
performance standards for U.S. transit systems range from 75% to 95%.

Synonyms: Reliability, on-time performance

Scheduled Running Time: The scheduled time it takes a bus (or rail car) to travel
over a given route segment.
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Scheduling: The planning of vehicle arrivals and departures, and operator
scheduling for these vehicles to meet consumer demand along specified routes.

School Trips: Additional scheduled trips at school bell times to accommodate the
heavy loads associated with student ridership along a route. School trips are
typically inserted into the schedule for no longer than necessary to address
ridership demand. As with other services, these trips are scheduled to meet
demand, are open to the public, and are included on public timetables.

Synonyms: School Extras, School Trippers, School Trips, School Service

Service Area: The geographic area where a transit agency provides service.

Service Coverage: Measures the extent to which the defined service area is being
served.

Service Curve: A plot of the number of buses in service by hour. See also Vehicles
in Operation Graph.

Service Hours: The scheduled time where vehicles provide service. It includes
revenue hours, plus layover/recovery time. It excludes deadhead time.

Service Pattern: The unique sequence of stops associated with each type of trip
on a route. If all trips operate from one end to the other on a common path, the
route has one service pattern. Branches, deviations or short turns introduce
additional service patterns. Service patterns are a fundamental component of
scheduling and provide the framework for tracking running time, generating
revenue trips, and identifying deadhead movements for the route.

Synonyms: 7rip Pattern, Variant, Path

Service Span: The span of hours over which service is operated, e.g., 6 am. to 10
p.m. or 24 hours (owl). Service span often varies by weekday, or by Saturday or
Sunday.
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Synonyms: Span of Service, Service Day

Service Standards: A benchmark by which service operations performance is
evaluated. Service standards are normally established in areas such route and
schedule design, service delivery, passenger comfort and safety, and route
performance and productivity.

Synonyms: Service Guidelines

Shift Premium: A premium paid to operators for working during times of the day
that are subject to special pay differentials, e.g., an owl (late night/early morning)
run.

Short Turn: A trip that terminates at an intermediate point instead of traveling the
full length of the route. Short turning is frequently used to add capacity to a specific
segment of the route.

Synonyms: Short Line, TurnBack

Show-Up: An assignment for an extraboard operator to be at a specific location to
fill in for another operator or to do other work. A certain amount of stand-by time is
paid in the event that the operator does not receive a run.

Synonyms: Report

Sign-In Time: The time an operator is assigned to report for duty at the start of
each piece of a run. The operator may be required to sign in or may be
acknowledged by the dispatcher as having reported.

Synonyms: Report Time, Sign-On Time, Show-Up Time

Sign-Up: The process whereby operators select work assignments. Most agencies
have three or four sign-ups each year.

Synonyms: Bid, Line-Up, Pick, Shake-Up, Mark-up
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Sign-Up Period: The period of time that a specific sign-up is in effect, usually three
or four months.

Slipping and Sliding: The process of shifting one or more trips forward or
backward in time to achieve a specific purpose.

Synonyms: Trip Shifting

Small Bus: A bus that is slightly narrower than a typical bus. Small buses have
significantly better maneuverability than standard or articulated buses. They
commonly have seats for 30 or fewer passengers.

Span of Service: The length of time, from the beginning of the first trip to the end
of the last trip, during which service operates on the street. Span of service can be
expressed for a route or for the system as a whole.

Span of Service: The amount of time each day in which the route is operating.
Span of Service can be expressed generally in terms of hours per day or more
specifically by stating the time of the first and last trips of the day.

Split Run: A run containing two or more pieces of work separated by a break over
one hour in length. At some systems, three-piece split runs are allowed, but one of
the breaks (or “swings”) is usually paid, whereas in two-piece split runs the break

Is generally not paid. Split runs tend to be used to allow both peaks to be covered
by one operator, since the workday would otherwise be too long for a straight run.

Synonyms: Swing Run

Spread Premium: Pay at the rate equal to one-half or more of all minutes in
excess of a specified maximum spread time, in addition to regular straight pay.
Spread premium is separate and distinct from overtime premium.

Synonyms: Spread Penalty, Spread Bonus, Spread Pay
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Spread Time: The total time between the start of the first piece and the end of the
last piece of a split run with two or more pieces.

Synonyms: Outside Time

Stand-By Time: The time that an operator spends at the garage at the agency’s
direction awaiting the assignment of a run or a piece of work. Usually associated
with a report by an extraboard operator, stand-by is intended to provide a pool of
operators that will be available to fill runs vacated by unscheduled absences.

Standard Bus: Normally a 35- to 40-foot long single body bus that provides seats
for 34 to 44 passengers.

Storage Lot: A bus storage area remote from a garage, used to minimize
deadhead mileage or due to capacity constraints.

Straight Run: A run in which trips are consecutive without interruption.

Straight runs do not contain any breaks (except for meal breaks in some systems)
for the operator. Any break in a straight run is usually less than one hour in length.
A straight run with a break is referred to as a two-piece straight or multi-piece
straight.

Swing Time: The elapsed time (usually unpaid) between the pieces of a split run.

If swing time is paid, it is sometimes called “inside time.”
Synonyms: /ntervening Time

System Sign-Up: A scheduled sign-up during which operators may transfer from
one garage to another. System sign-ups are usually held no more than once a
year. At intermodal agencies, the system sign-up may also allow an operator to
transfer between modes.

Synonyms: System Bid, System Mark-Up, System Pick, Systerm Shake-Up, System
Line-Up
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Terminal: One end point of a route where trips usually begin and end. Short turns

and branches introduce additional terminals.

Synonyms: £nd of the Line or EOL

Three-Piece Run: A run made up of three pieces of work separated by two
intervals of time. Generally, one of the intervals in a three-piece run is paid time.

Through-Routing: A form of interlining in which a vehicle switches from inbound
service on one route to outbound service on another route while continuing in
service throughout the day.

Time Point: A designated location on a route used to control the spacing of
vehicles along the route. A route may contain several timepoints along the route,
designated where possible at major intersections, major trip generators, and key
destinations.

Timed Transfer: A point or location where two or more routes come together at
the same time to provide positive transfer connections. A short layover may be
provided at the timed transfer point to enhance the connection. Timed transfers
have had increasing application, as service frequencies have been reduced below
15 to 20 minutes and hub-and-spoke network deployment has grown.

Synonyms: Pulse Transfer, Positive Transfer

Timed Transfer: A transfer made easier and more certain for passengers by the
process of scheduling two or more routes to meet at a given location at a specific
time. A short layover may be provided at the timed transfer point to ensure that
connections can be made even if one vehicle is running slightly behind schedule.
Timed transfers have become more important with the growth of hub-and-spoke
network designs. Also known as a “pulse transfer.”
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Timepoint: A designated location and time that a bus or LR vehicle can arrive
before but not leave earlier than the stated time, as indicated in the route
schedule.

Timetable: A document containing route and time information produced for use by
riders.

Total Miles: The total number of miles a vehicle travels, including revenue,
deadhead, and yard (maintenance and servicing) miles.

Traffic Check: A generic term used to describe any technique to collect ridership
and time-related data. Point checks and ride checks can also be referred to as
traffic checks.

Traffic Checkers: Individuals that conduct ride checks or point checks to collect
ridership and time-related data.

Train: See Block

Train Block: The series of trips operated by each train from the time it pulls out to
the time it pulls in. A complete block includes a pull-out trip from the yard, followed
by one or (usually) more revenue trips, and concluding with a pull-in trip back to
the yard.

Transfer: Occurs when a passenger must change buses in order to complete their
trip.

Transfer Center: A fixed location to facilitate passenger connections from one route
or vehicle to another. Bus schedules are often coordinated at transit centers to
minimize transfer times between certain routes.

Synonyms: 7ransfer Center, Pulse Center, Hub, Transit Hub, Node.
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Transit Center: A fixed location where passengers transfer from one route to
another.

Transit Terminal: A facility where transit passengers board or alight transit
vehicles, wait to board, or purchase tickets. The facility usually includes other
passenger amenities such as shelters, benches, bike racks, restrooms, and kiosks
with schedules and maps.

Synonyms: 7ransit Station, Transit Center, Terminal

Travel Time: The time that an operator travels between the garage and a relief
point.

Synonyms: Relief Time, Travel Allowance, Relief Allowance, Paid Relief

Transfer Window: The layover time scheduled at timed transfer locations to
ensure that transfer connections can be made, and may also refer to the amount
of time past its scheduled departure time that a vehicle can be held at a transfer
location to wait for a late-arriving vehicle.

Trip: The one-way operation of a revenue vehicle, between two end points on a
route. Trips are usually noted as inbound, outbound, eastbound, westbound, etc.,
to identify directionality.

Synonyms: Journey, One-Way Trip

Trip Sheet: See Paddle and Headway Sheet

Tripper: A short piece of work whose total time is less than that specified as
constituting a full-time run. A tripper is often a piece of work in the AM or PM peak
period that cannot be combined with another piece of work to form a split run
because of insufficient hours, excessive swing time, or excessive spread time.
Trippers are often operated by extraboard or part-time operators. Tripper can also
refer to a vehicle that pulls out, makes no more than one round-trip, and pulls in.
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Synonyms: Part-Time Run

Trolley bus: An electrically powered bus. The power is transmitted through a
system of overhead wires.

Trunk: The common portion of a route with branches; more broadly, a section of a
corridor served by multiple routes or trip types.

Turnback: The location where a short turn trip turns around to begin service in the
opposite direction. Sometimes used to refer to the short turn trip itself.

Two-Piece Run: A run made up of two pieces of work separated by an interval of
time. The pieces will usually be on different blocks and may be on different routes.

Two-Piece Straight: See Straight Run

lu I

Unlinked Passenger Trips: The number of passengers that board public

transportation vehicles. Passengers are counted each time they board a vehicle,
no matter how many vehicles they use to travel from their origin to their
destination.

Iv I

Variable Cost: A cost that varies in relation to the level of operational activity.

Variant: A series of stops that describe a unique path. See “Service Pattern.” A
service pattern follows one or more variants.

Vehicle Hours: The hours traveled by a vehicle, including revenue service, layover
time, and deadhead travel. Also known as “bus hours” for bus and “car hours” for
rail.
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Vehicle Miles: The miles traveled by a vehicle. It includes both revenue and
deadhead travel.

Vehicles in Operation Graph: A graphical representation of the number of
vehicles in operation by time of day, typically by route, but also by garage or
system. See also Service Curve.

Iw I

Work Hours: The total hours worked by an operator, not including fringe benefit

hours such as sick leave, holiday, etc. Work hours include only labor hours
associated with the requirements of putting the runs in service and operating the
service.

Ix I
Iv I

Yard: The rail equivalent of a “garage,” where the rail vehicles are stored and

maintained.

Yard balancing: The process of ensuring that the number of train cars pulling into
a specific yard at the end of the service day equals the number that pulled out at
the beginning of the service day. On rail lines served by more than one yard, the
same vehicles do not necessarily return to the same yard. Only the count in each
yard must be the same at the end of the day as the beginning.

Iz I

Zone: A defined geographic area used to determine passenger fares. Zones are

also used in demand-responsive service for dispatching purposes.
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Zone Fares: A system of fares where the service area is divided into zones and
specified rates apply. Fares are determined according to the number of zones
traveled.
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